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| CUalifornia is presently faced with problems of a
highly eritical nature—the need for further control,
protection, conservation, and distribution of her maost
-ltg! resource—water. While these problems are not
uew, having been existent ever since the advent of
lifﬂﬂt white settlers, never before have they reached
sueh widespread and serious proportions. Their eriti-
lul"*nltm stems not only from the vnpreeented re-
c-ut growth of population, industry, and agriculture
- m,l semiarid state, but also from the consequences
;td’ u long period during which the construction of
“water conservation works has not kept pace with the
| inereased need for additional water. Unless correetive
(action is taken—and taken immediately—the conse-
lqm may be disastrons.
‘What are the principal water problems faeing the
| people of California ? The most recently and tragically
demonstrated pmbl«m—lhe floods of December, 1955
| —is still vivid in the memory of all. Taking the lives
Hof ﬁ persons, destroying and damaging homes, farms,
{ businesses. and utilities to the tangible toll of $200,.
0,000, with great additional intangible losses to the
ldﬂl- economy, the streams of northern and central
' went on a rampage unparalled in recent

. . 80 upeemulur, but nonetheless signifieant, and
| constantly evident, is the problem of water doﬂetrncy
{ in many areas of the State. A eritieal need for su
W‘Ill water supply now exists in many areas, mt.luul-
: Alameda, Santa Clara, and San Benito Counties;
IMM we-t and south portions of the San Joaqunin
Valley; A\ : Valley; Santa Maria Valley and
| Ventura lomm' The ground water basins in these
areas are being pummmngpmm
overdraft whieh threatens their welfare. There have
been, for many years, on the ground
water basins in the Sonth Coastal Area in Los An-
geles, Orange, San Bernardino, and Riverside Coun-
ties. An acute need for additional water exists in San
Diego County. which will be temporarily alleviated by
the construction of an additional agueduet to convey
presently surplus Colorado River water, as now an-
thorized by The Metropolitan Water Distriet of
Southern California and the San Diego County Water
Authority. The supply which can be made available
to the South Coastal Area under rights to Colorado
River waters, while not now fully utilized, will be
fully committed and used by about 1970. By 1975,
or possibly much carlier, all of southern California
will need more water. Moreover, many of the monn-
tainous areas, such as the Upper Feather River Dasin
and portions of the North Coastal Area, need water
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development works, not only for wanieipal and irriga-
tion water but also to waiutain stream flow for preser-
vation of fish and wildlife, and to enhance the recrea-
tional potential, an important ceonomie asset.,

The urgeney of California’s water problems ean
best be illustrated by eiting the example of the recent
rapid growth of the State. In 140, just before the
beginning of World War 11, California had a popu-
lation of about 6,900,000, By 1950 this population
had inereased to about 10,600,000, and by 1955 it had
inereased an additional 23 per cent to more than
13,000,000. In 1957 the population reached 14,000,000,
Coineidentally, the use of water per eapita has in-
creased significantly and will coutinue to grow. In
1950 the estimated seasonal shortage of developed
water in California was about 2,700,000 aere-feet,
largely representing an W water
storage. By 1955, water requirements had inereased
an additional 3,000,000 acre-feet per season, Allow-
ing for the yield from new construction during the
intervening period and for increase in the delivery of
construeted works to their full potential wherever pos-
xible, the deficit aggregated nearly 4,000,000 aere-feet
per year. Although the bulk of this supplemental

water is needed for irrigation pu wox, substantial
(uantities m‘m;m Tic e,

Based upon reasonable forecasts of growth of the
State during the uext decade, it is indicated that the
net shortage of developed water supply could amount
to more than 10,000,000 acre-feet per season by 19635,
taking into aceonnt inereasing importations and de-
liveries from presently developed water sources.

The need for solution of the present and future
water probleins of California is clear. It is also c¢lear
from a study of the past history of water develop-
ment in the State that the future growth of California
will now depend upon a eoordinated state-wide pro-
gram for water development. The authorized Feather
River Project, the first truly stTe-Wide project, wi
b The Brst major step in this direction. However,
even if the projeet were construeted and in operation
today and serving all areas of water deficiency, it
would barely overcome the deficieneios of the present.
Iu other words, the large water supply to he gained
from the Feather River Project is fally needed today,
Furthermore, wiless we assume that the population
remnains at present levels, one or more additional proj-
eelx of eomparable size shonkd be rapidly plunned for
constrinetion in the near fature. This fact shonld be
canse for concern, for there is no reason to believe
that our phenomenal recent rate of growth will slow
down now or in the near future. The responsibility of




immediate initiation of a state-wide water develop-
ment planning and construction program is partien-
larly acute because of the often-demonstrated time
lag between the planning stage and the finaneing and
construetion stage of any large-scale project.

The State Legislature in 1947 authorized compre-
hensive state-wide investigations and studies, which
have eulminated, after 10 years of intensive effort, in
““The California Water Plan,.”’ a master plan to guide
and eoordinate the planning and construction by all
agencies of works required for the control, protection,
conservation, and distribution of California’s water
resources for the benefit of all areas of the State and
for all beneficial purposes.

What does ‘“The California Water Plan’’ purport
to dot

1. It evaluates the water supply available to Cali-
fornia and describes the places and characteristics
of its oceurrence.

2. It estimates the water requirements, both
present and future, for all purposes for each area
of the State, as best as can be foreseen now,

3. It points out (a) the watersheds where pres-
ent estimates indicate surplus waters exist over and
above the future needs for local development, and
gives an estimate of such surplus, and (b) the areas
of deficiency and the estimated deficiency for each
such area,

4. It outlines existing and prospective water
problems in each area of the State.

5. It describes the beneficial uses to which the
remaining unappropriated waters of the State
should be put for maximum benefit to the people
of all areas of the State,

6. It suggests the manner in which the waters of
the State should be distributed for the benefit and
use of all areas.

7. It proposes objectives toward which future
development of the water resources of the State
should be directed in all areas of the State, and

suggests broad patterns for guidance toward these §i
objectives, .

8. It defines these objectives in terms of poten- §
tial physcial accomplishments, which may be used
to measure the merits of projects proposed for con- §
struction by any agency.

9. Finally, it demonstrates that the waters avail- #
able to the State of California, including the State’s
rights in and to the waters of the Colorado River, &
ure not only adequate for full future development
of the land and other resources of the State, but
also that physical accomplishment of these ob-
jeetives is possible,

The (California Water Plan must be implemented
by a state-wide program for the construction of
projects needed to control and supply water wherever
and whenever the need arises and as projects are
found feasible. Physical works for the control, pro-
tection, development, and use of water do not pertain
solely to the so-called ‘‘areas of deficiency.'’ There
are few areas which do not now or will not require
physical works for the development of water re-
sources. The job is a big one, and will require the
combined efforts of the Federal Government, the
State Government, and local agencies, as well as pri-
vate entities and individuals, with the State logically
taking a leading role in administration and coordina-
tion as well as financing and construction.

The Feather River j e initial unit of The
Califo Water Plan, must be started immediately,
and other projects must follow in the near future.
The California Water Plan, a coordinated master
plan, should be accepted as the general framework or
pattern for future water development in the State.
Finally, and this cannot be emphasized too strongly,
solution of the water problems of California lies in
the construction of physical works—not alone in laws
and reservations of water, however necessary these
may be as steps in the process,




This ix the final of a series of three bulletins setting
(forth the resnlts of the State-wide Water Resonrces
Investigation, which has been in progress for the past
- |10 years under provisions of Chapter 1541, Statutes
[uf 1047. This investigation entailed a three-fold pro-
{gram of study to evaluate the water resources of
_{California, to determine present and probable ulti-
mate water requirements, and to formulate plans for
the orderly development of the State’s water re-
sources to meet its ultimate water requirements.
Funds to meet the cost of the investigation were pro-
vided by the cited statute and subsequent budgetary
" |aets of the Legislature.
The first phase of the State-wide Water Resources
{ luvestigation comprised an inventory of data on
| sourees, quantities, and characteristics of water in
California. The results are available in State Water
I Resources Board Bulletin No. 1, ““ Water Resources
of California,” published in 1951. This bulletin
| comprises a concise compilation of data on precipita-
~ tion, runoff of streams, flood flows and frequencies,
. and quality of water throughout the State.

4 The second phase dealt with present and ultimate
| requirements for water. The associated report, State
‘| Water Resources Board Bulletin No, 2, “ Water Uti-
lization and Requirements of California,’* was pub-
lished in 1955, This study comprised determinations
of the present use of water throughout the State for
| all consumptive purposes, and forecasts of ultimate
water requirements based in general on the capabil-
ities of the land to support further balanced develop-
ment.

' The final phase of the State-wide Water Resonrces
Investigation is presented herein as *“The (alifornia
Water Plan.”’ Bulletin No. 3 deseribes a comprehen-
. sive master plan for the control, proteetion, conserva-
|| tion, distribution, and utilization of the waters of
. California, to meet present and future needs for all
- beneficial nses and purposes in all areas of the State
- to the maximum feasible extent. The Plan is designed
¢ to include or supplement rather than to snpersede
! ¢ * esourde . o does
- hot interfere with existing rights to the use of water.
. The objective in the formulation of The California
- Water Plan has been to provide a logical, engineering
- basis for future administration of the water resourees
of the State and for coordination of the efforts of all
entities engaged in the construction and operation of
water development projeets, to the end that maximum
benefit to all areas and peoples of the State may
nltimately be achieved.

S "

e P A

XXV

SYNOPSIS

The California Water Plan inchules loeal works to
meet local needs in all portions of the State. Tt also

ineludes the California Aqu Svstem, an unpre-
or works to redistribule excess

areas of surplux to areas o
defieiency throughout ¢. The Plan gives con-
sideration to water conscervation and reclamation; to
flood contro! and flood protection; to the use of water
for agrieultural, domestic, munieipal, and industrial
purposes; to hydroelectrie power development; to
salinity control and proteetion of the quality of fresh
witers; to navigation; to drainage: and to the inter-
exts of fish, wildlife, and recreation. Tt coutemplates
the conjunctive operation of surface an -
essential to

ter—TrServoirs, which operation will E
wmﬁ""”"“_m__mﬁmﬁm

tel
to volved.

The very magnitude of the task involved in formu-
lation of The (alifornia Water I’lan was such that
detailed surveys and studies, and economie and finan-
cial analyses, could not be undertaken in this initial
phase of investigation. At this stage of its develop-
ment, therefore, the Plan must be regarded as no
more than a broad and flexible pattern into which
futnre definite projects may be integrated in an or-
derly fashion. As additional data and experience are
gained. as technology advances, and as future con-
ditions change in manners that cannot be foreseen
today, The California Water Plan will be substan-
tially altered and improved. However, the basie con-
cept of the Plan as a master plan to meet the nltimate
requirements for water at some unspecified but dis-
tant time in the future, when the land and other
resources of California have essentially reached a
state of complete development, will remain un-

changed.

Voluminous data and information have been com-
piled and assembled in connection with preparation
of The California Water Plan. It is realized that the
need of the general publie, on the one hand, is for
a summary report with a minimum of technical de-
tail but containing all of the information essential to
an adequate understanding of the Plan. The need of
engineering and other professional people, on the
other hand, is for more detailed technical information
which would be of minor interest to the general pub-
lic. Therefore, publication has been set up to meet
these separate needs  Bulletin No. 3 itself to meet
the general need and the several appendixes to Bul-
letin No. 3 to meet the engineering and other technieal
needs.
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' Today, the future agricultural, urban, and indus-
| trial growth of California hinges on a highly impor-
| tant deeision, which is well within the power of the
pnoph to make. We can move forward with a thriving
m by pursning a vigorous and progressive

water development planning and construetion pro-
m; or we can allow our economy to stagnate, per-
even retrogress, by adopting a complacent atti-
and leaving each district, community, ageney,
» other entity to secure its own water supply as
it can with small regard to the needs of others.
e choice of these alternatives is clear. The need for

e

been realized. Comprehensive plans have been formu-
| lated and reported upon in the past, and noteworthy
| accomplishments have been achieved by local enter-
1+ prise and private and public agencies. But despite
~ the great water development projects constructed in
+ the past, California’s water problems coutinue to
- grow day by day.

The construction of highways, schools, lmnp:uln,
and other public works has greatly accelerated since
the end of World War II. However, to supply its
| necessary water, California is relying for the most
| part on works which were designed to meet the needs
as anticipated 20 to 30 years ago. These facts are now
becoming known and more generally understood by
the people. It is apparent to most that the continued
. growth and prosperity of California is dependent
upon prompt and substantial efforts by the respon-
sible local governmental agencies, the State, and the
Federal Government to ensure that the planning and
construction of water development projects keeps pace
with the growing needs for water.

The population of California has continued to grow
at a phenomenal rate, and irrigated agriculture and
industrial activity have increased proportionately.
. This recent rapid expansion of the economy has oe-
curred largely in areas of inherent water deficiency,
thus intensifying the problem in those areas. While
in most instances the increases in water requirements
are physieally being met, they are provided for by
drawing on diminishing ground water reserves in
order to meet the deficiency. Sucl_perennial overdrafy
has been increasing rapidly in recent years and has
resulted in aceelerated lowering of ground water
levels in many parts of the State.

Effects of these oyerdrafts are presently manifested
in the intrusion of sed warer into the prineipal pump-
ing aquifers of 2 number of coastal ground water
basins, and the threat of such intrusion into others.

(1)

CHAPTER |
INTRODUCTION

Certain inland ground water basins have experienced
degradation in quality of their fresh waters by mix-
ture with underlying entrapped connate brines (i.e.,
salt water entrapped when the formation was de-
posited) or other waters of undesirable mineral qual-
ity. Furthermore, overdraft conditions may result in
an accumulation of excess minerals or salts in a
ground water basin, which in a period of time may
degrade the water quality beyond acceptable limits.
Thus, it is evident that continuing overdrafts will not
only drastically reduce the reserves in storage, with
possible exhanstion in some cases, but in many in-
stances will irreparably damage the immensely valu-
able ground water reservoirs unless supplemental
water supplies are developed.

While experiencing problems of water deficiency on
the one hand, California is presently faced with the
anomaly of other problems of the exact opposite
nature—that of periodic floods which result in major
damage and loss of life. Ironicnlly, in many cases the
same Areas anﬂenng deficiency in water supplies are
besieged with winter floods when the water, so ur-
gently needed for the economy, wastes to the ocean,
accomplishing nothing but damage and grief. His-
torically, agricultm-al and urban development has
oceurred largely in valleys and on plains inherently
subject to flooding. With the intensification of agri-
culture and expansion of urban and industrial areas,
future flood problems will become more severe unless
remedial action is taken,

Concurrently with the expanding population and
inereasing irrigation and industrial development in
the valleys and metropolitan areas of the State, there
has been increasing pressure for enhancement of fish
and wildlife resources and for the provision of ade-
quate recreational opportunities, particularly in the
hill and mountainous areas, If these needs are to be
adequately met, provision must be made therefor in
future water development through development of
waler areas and live streams.

The magnitude of the foregoiug water problems
may be better appreciated by referring to Plate 1,
entitled *‘ Present Water Problems.”” The 1947 Legis-
lature, recognizing these problems and appreeiating
the role of water in the future of the State, directed
that the water resonrces and present and future water
requirements of California be studied and evaluated,
and that plans be formulated for the orderly develop-
ment of the State’s water resources to wmeet its ulti-
mate water requirements. This directive initiated the
“State-wide Water Resources Investigation,’' which
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of Mhmh through a comparison of the water re-
sources and water requirements as determined during
the first two phases of the State-wide Water Re-
sources Investigation, and corollary problems. Chap-
ter I11, ** Water Development Planning,’’ presents a
brief historical account of water resource planning
aud development in California up to the present time,
discusses the urgent need for comprehensive coordi-
nated planning and development on a state-wide
basis, and outlines the considerations necessury to the
formulation of plans to accomplish the solution of
California’s water problems. Chapter IV, ‘“The Cali-
fornia Water I’lan,’’ deseribes the physical features
and mplhhmmu of works, both local and state-
wide, which would meet the basic objectives heretofore
described. Chapter V, ‘‘Implementation of The Cali-
fornia Water Plan,"’ discusses varions considerations,
such as legal, economic, finaneial, and engineering,

" | and others which are vital to the physical implementa-

tion of The California Water Plan. Chapter VI,
“Summary, Conclusions, and Recommendations,”

: summarizes the bulletin, and presents the conclusions

resulting from the State-wide Water Resources In-

vestigation and the recommendations based upon the

uplmoun.
,&p’pendi: A to this bulletin presents a more de-
engineering report on The California Water
It describes both local and interbasin transfer
eets on an individual buxsis, with accompanying

::hum of physical features and capital costs. It

discusses, in some detail, the accomplishments of

| The California Water Plan and the considerations
{ upon which the operation of the plan will be con-

| tingent

- There will be published separately, and at later
dates, additional appendixes which will elaborate on

certain specific phases of The California Water Plan,

and on considerations and premises on which the
Plan was based. The basic assumptions, criteria, and
procedures employed in formulating the Plan are
presented in Appendix B. General geology of the
State, geologic conditions affecting the location and
design of engineering works, and ground water
geology are deseribed in Appendix C. Appendix D
outlines the utilization of ground water storage
capacity under The California Water P’lan, particu-
larly with regard to conjunctive operation of surface
and undergronnd reservoirs. Factors involved in
wmaintenance of water quality are treated in Appen-
dix E.

The effects of The California Water Plan on fish
and wildlife are presented in Appendix F, as are the
potentialities for enhancement of recrcational faeil-
ities. Flood problems and existing projeet works are
described in Appendix G, and flood control accom-
plishments of The California Water Plan are dis-
cussed, Economie and financial aspects of The Cali-
fornia Water Plan are discussed in Appendix H.
Water rights and attendant legal considerations and
their implications with respect to The (‘alifornia Wa-
ter Plan are presented in Appendix 1.

In the State-wide Water Resources Investigation,
due cognizance has been taken of all possibilities for
augmenting the State's water supplies. The potential-
ities of sea-water conversion, waste-water reclama-
tion, artificial inerease of precipitation, and watershed
management arc discussed and evaluated in Appen-
dix .JJ. Future power sonrces and energy requirements
as related to The California Water Plan are con-
sidered in Appendix K, which discusses the develop-
ment of power requirements and future load char-
acteristics, and the adaptability of atomic energy and
its influence upon the development of hydroe'ectrie
energy.
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 craphie ureas are delineated on Plate 3, entitled
k| m Hydrographic Areas and Planning Groups.’

- Ground Woter
',l‘he extensive ground water basins of California
mido natural regulation for runoff from tributary
firainage areas and for preeipitation direetly on over-
ving lands. Some 230 ground water basins having
floor areas of about 5 square miles or larger
e been identified in California. A large part of the
irface runoff from tributary mountain and foothill
vatersheds that would otherwise waste to the ocean is
tained in these basins and conserved for later utili-
tion. In effect, these ground water reservoirs pro-
- a means for natural regu!ahou of stream flow
mh the same manner as is accomplished by
mﬂtt data on the ground water basins of Cali-
l nia are available to permit an estimate of gross
i * capacity within certain depth limits for 211
j ey v floor areas. The areas for which such storage
rapacities were estimated comprise 96 per cent of the
fotal valley floor area of all basins of the State. The
f-- epth limits vary from basin to basin, but the average
Iweighted interval is approximately 185 feet, or gen-
lllk betvrnn the depths of about 15 and 200 feet.
| he gross storage eapacity within this depth interval
l‘hnt 450,000,000 acre-feet, The Central Valley
', contains over 130,000,000 acre-feet of this total
fin approximately the same depth interval.

0!1.? a portion of the gross storage capacity is
-._ ble storage, largely because of the presence of
salipe water or other waters of deleterious mineral
E’ 1 n . These waters either limit the depth to which

pund water levels may be lowered or, in many areas,
pmhuh the use of ground water. Enough informa-
|tion is presently at hand to estimate the usable stor-
age capacity for only 80 ground water basins, com-
Iprising 43 per cent of the total valley floor area of
| the State. In the Central Valley, usable eapacity in
the depth interval from 15 to 200 feet aggregates
* about 100 000,000 pere-feet,

More than half the water presently consumptively
used in California comes from underground sourees.
Many of these ground water basins have been in-
tensively developed. In the San Joaquin Valley and
parts of southern California partienlarly, the ready
availability of ground water has been primarily re-
sponsible for supporting rapid expansion of agrieul-
ture and industry far beyond the firm capabilities of

- water resource developwments, This has been aceom-
plm!ml by utilizing the vast reserves of water stored

| in these underground reservoirs, in many eases at
- rates greatly exceeding their replenishment. Presently
available data concerning ground water are far less
compreheusive than  for surface water resources.

' Much more study will be necessary to evaluate rea-

)

|
|
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sonably aceurately the capability of ground water
resources of the State.

WATER REQUIREMENTS

Under the State-wide Water Resources Investiga-
tion all lands in the State have been classified as to
their suitability for development under probable ulti-
mate conditions. Determinations have also been made
of the loeation, nature, and extent of present water
service areas, and appropriate factors for the various
types of water use have been evaluated. Estimates of
present and probable ultimate water requirements de-
veloped from these data, and published in State
Water Resources Board Bulletin No. 2, have been
generally aceepted as a measure of water requirements
for the formulation of The California Water Plan.
However, modifications have been made where the
need for such has been indieated by further study.
These estimates, modified where necessary, are sum-
marized in this section.

In 1950, the year adopted as ** present”’ in Bulletin
No, 2, a gross area of about 7,300,000 acres was under
irrigation in Californin. The actual area irrigated.
or uet area, was about 6,900,000 acres. A gross area
of about 20,000,000 acres is elassified as suitable for
irrigated agriculture, of which an estimated 16,200,-
000 aeres could be irrigated in any one season under
ultimate conditions of development. [n 1950, approxi-
mately 1,100,000 acres were devoted to urban, sub-
urban, and industrial types of land use. It ix esti-
mated that urbau, suburbaun, and industrial water
service areas will nltimately oceupy about 3,600,000
acres.

For the most part, the remaining lands of Califor-
nia include only seattered water serviee areas, largely
in monntainous and desert regions and in national
forests and monuments, public beaches and parks,
private recreational areas, wildfowl refuges, and mili-
tary reservations. It is expected that even nnder ulti-
mate development the majority of these lands will be
only sparsely settled and will have only very minor
requirements for water serviee, About 180,000 acres
of such remaining lands actually reecive water service
at the present time, It is assumed that all of the ap-
proximately 77,300,000 aeves of such lands ultimately
will be served with water in the minor amonuts suf-
ficient for their needs.

Table 2 summarizes data relative to present and
ultimate water service areas in the seven major hydro-
graphic areas of California, elassified by broad land
usage groupings. The potential water serviee areas
under The California Water Plan, consisting of all
lands inelnded in the irrigated and urban-suburban-
industrial categories, are delineated on Plate 4, en-
titled “*Present wmd Ultimate Areas of Intensive
Water Nerviee,”’



wents are found south of the same line, This geo-
graphic disparity is clearly indicated in Table 4,
which shows a comparison of the water supply with
the present and ultimate water requirement for each
major hydrographic area of the State, expressed as
| percentages of the respective totals for the State.

| In addition to the unequal areal distribution of
[California’s water resources and requirements, its
water problems are further intensified by the sporadie
{nature of the occurrence of runoff, both within the
Iseason and from year to year. The greater part of the
runoff occurs during the winter and spring months
! when the demand for water ix the least. Fortunately,
|a considerable portion of the runoff of most major
{inland mountain streams is detained in snowfields of

|the Sierra Nevadu uutil the late spring and early

hﬁuhnotlw anymansmﬂcwnttopmde for
| the large demands in the summer and fall.
| Although seasonal fluctuation of runoff is a serious
| problem, because its regulation requires a consider-
| able amount of storage, it is the fluetuation of stream
| flow from year to year that presents the most difficult
" problem of regulation. California is subjeet to ex-
| tended wet and dry periods. As punomly atlted, the
| State suffered a severe drought in the late 1920's and
early 1930°s. one of many in the past, during which
| the runofl of streams throughout the State for a 10-
' M period averaged only 69 per cent of the long-
thﬂmn. These periodic droughts have superim-
'j paed on the need for storage for normal seasonal
: tion the need for provision of extremely large
| amounts of reservoir storage capacity for necessary
! eyelie regulation of water supply. A severe drought,
superimposed upon present deficiencies in water sup-
" ply development. could create widespread havoe and
! even economic disaster throughont California. Fur-
thermore, there ix no reason to helieve that drought
; conditions in the future may not be more intense and
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of longer duration than those of the short recorded
past.

All other water problems of California basically
result from the primary problem of geographical mal-
distribution and seasonal and cyelic fluetuation of the
water resources of the State, and are briefly discussed
herein as problems of water deficieney, hoth surface
and underground, floods. and impairment of water
quality,

Problem of Water Deficiency

Because of the characteristic semiarid elimate,
nearly all areas of the State experience a natural sur-
face water deficiency during the summer and fall
months when rainfall is negligible und runoff is mea-
ger. This seasonal deficiency is often greatly intensified
and prolonged by the extremely variable occurrenee
of California's water resources from year to year.
whereby rainfall and resultant runoff is subunormal
for varying periods of years. To add to the natural
problems of seasonal and eyelic deficieney, the water
resources are not geographically distributed in con-
formity with the requirements. This has necessitated a
high degree of development of available resources in
the central and southern parts of the State.

Works have been constructed by numerous entities
for regulation of stream flow and conveyance to areas
of use, and the water thus delivered has allowed ex-
tensive agricultural activity on fertile lands which
formerly supported only hay, grain, and native
grasses. Many fertile areas of potential produetivity,
however, are not close enough to surface supplies to
allow their development within the limited means of
some local agencies,

Further, during periods when runoff is deficient
over a series of vears, those agencies and individuals
depending on facilities adequate only for seasonal
regulation are faced with the neeessity of cutback in
their economy. Oceasionally, agricultural develop-

TABLE 4
DISTI!IBUTION OF WATER RESOURCES AND REQUIREMENTS
L= S B e —— = o e ]
Requirement for water, Revquircment for additionally
Ares N":‘: '::"“ in per cont of water,
.uzh' Hydrogiaphie area per oent of Spfal ot Siate -
Plute 1 total for r
Stute Present® 1 Mhimate Preseut* Ultisnate
L Nurth Coastal . 10.8 2.4 Vo 13,000 1640
2. san Franciseo Bay 1.7 34 6.0 12,000 2257 (00
k3 Central Coastal. . . 3.5 1.0 4 3,000 1URLN0D
i South Coastal. . 1.7 9.1 10.9 IT0,000 43027 000
F A, Secramento River Basin 3.6 1 14.5 124,000 3,732 000
- B.C Nan Joaquin-Tulare Lake Basin (ncluding Saera-
mento-Nan Joaquin Delta) - 15.9 Ha 2.9 1661 000 0427 000
| Operation of Salinity Countrol ll.urm 0.0 0.0 1.7 (1] w76 000
L . Lahontan S 4.5 1.6 13.2 270,000 £ 148 000
f p o= Colorado Desort 0.3 15.9 12.8 1] o2 181,000
b 100.0 100.0 2,354,000 0,503,000

TOTALS hony,

-
I

Bt

'mwﬁﬁdudlsﬁt ;
" Asumes imports to full evtemt of clalmed water righte

30,8693 000
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ments—and urban developments as well—have over-
extended their economy during wet periods with
extremely critical results during following periods of
drought.

Surface diversions and interbasin transfers have
done much in the past to develop the economy of the
State and are the great potential of the future, How-
ever, it may be categorieally stated that the degree of
economie development which is enjoyed today would
not have been possible without the utilization of
ground water. The availability of what appeared to be
an nnlimited supply of gronnd water has been a great
boon to this development. It has been necessary only
to put down a well and utilize water from a vast
undergronnd reservoir at relatively small cost ; expen-
sive conservation and transmission systems have been
unueecessary and distribution facilities minimized. Ex-
tensive areas overlying natural ground water basins
have been developed to a high level of productivity.
By utilization of a ground water souree, many muniei-
palities in the eentral and southern parts of the State
have also experienced expausion which otherwise
would have been impossible,

However, the high level of economic development in
many areas of the State has been achieved at the
expense of overdraft conditions on the underlying
ground wateF Basins, wherein the extraction has ex-
ceeded the replenishment. In many of these areas the
overdraft is continuing—in fact inereasing—generally
with no active measures being taken to correet the
serious problem. Ilow long these conditions of over-
draft, or “‘mining’’ of ground water resources, ean
continue without drastic and far-reaching detrimental
consequences is a matter of serious concern. If the
underground sources of water are allowed to be
completely depleted and no other sources of supply
are developed in the interim. the economy of the
State will not just stand at the current level, but must
of necessity regress to one supportable largely by
surface developments, Surface water sources are mea-
ger in the eentral and southern areas of the State
where the water requirements are the greatest. The
calamity of ecconomie depression attendant on the
exeessive depletion of ground water reservoirs would
uot be limited to those agricnltural areas overlying
the reservoirs, Just as the whole State now enjoys the
benefits of an expanding economy, so would the whole
State—north ax well as south—feel the possible eatas-
trophie effects of the destruction of ground water
basins by continned overdraft.

Overdraft conditions presently exist in several of
the majorand in many of the minor ground water
hasins in the State. The most serious overdraft in
terms of magnitude ix manifested in the San Joagnin-
Tulare Lake DBasin where the present (1953) draft
exeeeds the mean seasonal replenishment by some
2.500.000 acre-feet. Conditions are partienlarly aceute

along the west and south sides of the basin. Overdraft !
conditions are also serious in the Antelope Valley,
presently approximating 175,000 acFeTeet *"T"S .
The overdraft on the coastal plain of Los Ange
Orange, Santa Barbara, and Ventura Counties is s
mated at 400,000 aere-feet per season. In addition
these areas of critical overdraft, substantial o
drafts are being experienced in portions of the Sacra-
mento Valley, in the Santa (lara, Salinas, and Santa
Maria Valleys in central (California, and the Santa:
Clara River Valley in southern California. Twenty-
four smaller ground water basins are also known
be overdrawn.

'he presep 2] deficieney in developed wa
supply, both surface and underground.
some lr'llll acre-feet pe SEAS0N omn
bas g representing an _overdraft on gr
water mpnhq].' 1s forecast that, if California %
attain her full economie potential, additional water

4

supplies amounting to some 31,000,000 acre-feet per
season must ultimately be developed to meet con-
sumptive requirements plus irrecoverable losses. On
certain streams additional water will have to be de-
veloped for stream flow maintenance for fish, wildlife,
and reereational purposes, and for maintenance of
water quality.

Problem of Floods

It is ironieal that the very forces which man now
attempts to control to prevent flood damage have
formed the flat fertile valleys which attracted him
originally. Agricultural enterprise, with the resultant
urban and industrial economy, has been developed
almost entirely upon the fertile natural flood plains
and basins and alluvial fans of active streams. i

The great Central Valley is itself an evolvement of';i‘
many centuries of periodie flooding of the Sacramento
and San Joaquin Rivers and their tributaries. It also
is the major example in California of the results of
recent intensive improvements encroaching upon
flood plains. During the flood of December, 1955, great
havoe was wrought throughont this area, which in-
cludes that particular area of disaster in and about
Yuba City. Protective works were generally designed
for the economy existent prior to World War IL
When the levees of the Feather River were breached,
A8 lives were lost and some 100,000 acres flooded, in-
eluding Yuba City. It should be noted that this tragi *ﬂj‘al
loss of lives and destruetion of property would have
heen prevented had Oroville Dam and Reservoir been
in operation in conjunction with existing downstream f
flood] eontrol works, é

The combined effect of flood runoff of Central Vale
ley streams and coincident extremely high tides dur- "
g the 1955 flood, produeed eritieal conditions in the ';3

Sacramento-San Joaquin Delta. Consisting as it does £
of a maze of reelaimed islands and separating chan- 5
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Problems of Recreation, Fish, and Wildlife

The need for more and better opportunities for
wholesome ontdoor recreation in California is rapidly
expanding, due to the impaet of a growing populn-
tion, increased awareness by the people of the joys
and henefits of such aetivity, and increased time and
opportunity available to them for such pursuits, Ae-
cessible water areas and flowing streams well stocked
with fish constitute an important aspeet of the publie
desire for recreational opportunities, Satisfaction of
that desire to the maximum feasible extent is a prob-
lem inherent in the development of California’s wa-
ter resourcves, That development will provide several
hundred new reservoirs with many thousands of
aeres of water area, and will make possible releases
of water in hundreds of miles of natural streams for
improvement of fish and wildlife habitat. Enhance-
ment of fish and wildlife resources and development
of the reereational potential will provide important

economie assets to many areas in California, particu-

larly in the mountains and foothills. Provisions of
facilities and opportunities for such use by the publie
therefore becomes an important objective in further
water development,

Problem of Drainage

An ever-present problem in irrigated agrieulture is
the necessity of providing adequate drainage. Ex-
tensive drainage systems may be necessary to main-

. tain soil produetivity. Leaching and drainage have

made possible the reclamation and use of large areas

- formerly considered valueless, Adequate drainage

|

and proper disposal of saline drain waters may be an

- important factor in maintenance of ground water

|
|

|
|
|

quality.

At the present time, the most serious unsolved
drainage problem in California is in the west side of
the San Joaquin Valley. It is considered probable
that full solution will require a master drainage
channel extending from Buena Vista Lake in Kern
Connty to Suisun Bay.

Drainage must be considered an integral amd in-
dispensable part of the development and utilization
of water resources. Adequate provision must be made
therefor in the total program,

Problem of Full Use of Available Storage Capacity

A highly important problem which must be con-
tinually kept in mind in the further development of
California’s water resources involves the proper use
of available storage capaeity, both surface and under-
ﬁmuml. With respect to surface s opment,
the most economical dam and reservoir sites have
already been developed, leaving the less desirable
projeets available for future construction. Remaining
combinations of good dam sites with snrface reser-
voir sites of adequate capaeity are rare, particularly
in the areas in whieh export waters must be devel-

oped. With regard to ground water, it has been
demonstrated in many areas of the State that the
ground water basins, onee considered a source of
virtually inexhaustible supply. must be carefully
managed in order to ensure their continued usability.

Beeanse of the limited remaining surface storage
capacity susceptible of development and the many
purposes and uses to which the developed water must
be put, it is highly important and urgently necessary
that the available storage capacity be used wisely and
for maximum benefit. This can be accomplished only
by achieving the optimum development at each site
selected for construction, which necessitates provi-
sion for the full development of the water production
capabilities of the watershed and, in many instaneces,
operation of the reservoir to meet the needs of several
purposes, such as irrigation, urban, and industrial
uses; flood control; power generation; recreation;
fish and wildlife; and protection of water quality.

Failure to develop a site to its full potential
through construction of a single-purpose project
where a multipurpose project is necessary and justi-
fied initially in the publie interest, or initial construe-
tion such as to preclude later full development, would
result in the extravagant waste of the site.

Of paramount importanee among the advantages
inherent in multipurpose planning and development
are economy and conservation of project sites. With
respect to economy, it is generally cheaper to provide
for several water uses in a single projeet than to
build several single-purpose projects. Conservation of
project sites is necessary becaunse the scarcity of favor-
able dam sites dictates the fullest practicable develop-
ment of the potential of each site.

In view of California’s continuing growth in popu-
lation and water demand, practices which result in
the wasting of surface storage opportunities by in-
adequate development, without regard to future re-
quirements for other purposes, should no longer be
permitted on any stream in the State. These eriteria
should apply wherever storage is contemplated by
the State or any other agency. In those cases where
initial construetion to optimum size of reservoir is
currently infeasible, then provisious for future rais-
ing of the damn to full height should be incorporatad
in the original construction,

Careful management of California’s umlergmu ul
\lm'llgl capacity will be required not only in areas
w treased use of III'“IIII(] willer resonrees IS X-

|u-tvd. but also Tor preservation of the present level

of T Those basis which are experiencing or are
thiFarered with overdraft and deterioration of water
quality= T other words, nnless an effective manage-
went program is implemented in the near future, in-
volving the maintenanee of water quality and the
limiting of pumping extractions within safe vield
rates, the utility of the State's gronnd water basins
cannot be perpetnally maintained,
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' dnned gravel pits to supplement natural percohtlon.
| The recharge capability of these percolation works is

commonly inereased by detention of excess runoff in
upstream reservoirs and the control of releases to

‘rates within the percolation capacity of the works.

- Notable achievements in artificial recharge have
been accomplished by the Los Angeles County Flood
Control Distriet, the Orange Conunty Flood Control
Distriet, United Water Conservation Distriet in Ven-
tura County, San Bernardino County Flood Control
Distriet, Santa Clara Valley Water Conservation Dis-
trict, and Kern Couuty Land Company, among others.

COMPREHENSIVE COORDINATED PLANNING
AT STATE-WIDE LEVEL
A great deal of progress has been made so far in

the development of California’s water resources. No
one can refute the fact that the initiative and re-

~sourcefulness of local ageneies in planning and econ-
structiug water development projects has been largely

responsible for the present highly developed level of
economy throughout the State. The assistance of the
Federal Government has been most helpful. TTowever,
the growth of the State, made possible by the progres-
sive development of water supplies, has constantly
ereated new water problems, each of which has be-
come successively more difficult of solution. All too
often, limited planning for the future has resulted in
construction of works sufficient only to meet the needs

“of the present, as growth throughout the State has

continued at rates exceeding even the most optimistie
forecasts,

The great water development projects conceived
and construeted in the past, notable as they are and
vital to the State's development as they have been,
represent comparatively loealized planning when eon-
sidered from the state-wide standpoint. Even the Cen-
tral Valley Project, a revolutionary plan when con-
ecived and a phenomenal development as it is being
constructed, is limited in its scope and benefits to a
comparatively small part of the State as a whole, nota-
bly portions of the Sacramento Valley, the Saera-
mento-San Joagquin Delta, and of the San Joaquin
Valley, It is but a magnification of what some 100
irrigation and reclamation distriets have done on their
own initiative with loeal finaneing, Without sueh loeal
projects construeted in the past, however, (alifornia
for the most part would still be a semiarid wasteland.

Because of the dictates of economies, which governs
water development as well as all other engineering
projects, the cheapest and easiest-to-develop water
projects have always been selected first for eonstrue-
tion. Naturally, loeal water supplies were developed
first. Development of water from distant sources and
conveyance throngh lengthy and eostly aqueduets have
been resorted to only after available local supplies

have become insufficient. The sawme principle of eco-
nomies has prevailed in the selection of alternative
sourves of imported water supplies. Thus, we are now
faced with the inevitable consequences: future water
development in (‘alifornia must involve *‘leftover’” lo-
eal projects and costly major import projects which
are generally beyond the means of all but a very few
local agencies.

Today, there is increasingly severe competition be-
tween areas aud between uses for the remaining avail-
able water resources. In some streams there is no
remaining unappropriated water available for the
further development of areas which should logically
be served therefrom. As previously mentioned, sev-
eral of the major ground water basins are seriously
overdrawn.

In view of this and of the previously discussed
wide disparity between the occurrence of the State’s
water resources and needs, both as to time and place,
it is apparent that the era of piccemeal water de-
velopment planning and construetion virtually has
reached an end. Future development of the State's
water resources must rely, to a constantly inereasing
extent, on coordinated, comprehensive planning on a
state-wide level if the needs of all areas and all uses
are to be met in the most effective and economical
manuer, The need for such planning is continunally
becoming more evident as undeveloped loeal water
resourees diminish and development of supplemental
supplies becomes more complex, while water require-
ments inerease in unprecedented proportions,

The purpose of such coordinated, state-wide plan-
ning must be to establish a framework into which all
future water development projeets, both loeal and
state-wide, enn be integrated, and whielh will serve as
a guide to ensure optimum development and utiliza-
tion of available water resonrees, with dne considera-
tion to the varyving inferests and uses involved, This
is the objeetive of The (‘alifornia Water Plan. 1t will
serve as the engineering hasis for proper administra-
tion in the publie interest of the State's water re-
sources by the various agencies involved. It will
provide the means for badly-needed eoordination in
further planning and in the construetion and opera-
tion of water projects among the manifold entities,
federal, state, loeal, and private, engaged in water
control and development in California.

A continuing, eoordinated, state-wide, planning
program, implemented progressively by the construe-
tion of projeets as necessary aml justified, is the only
means by which the logieal, orderly, and economie
development of California’s water resourees ean be
assured to the degree necessary to meet the nltimate
requirements for all uses. The construetion of proj-
ects to accomplish the objeetives of the planning pro-
gram will undoubtedly require the combined efforts
of the Federal Government, the State Government,
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and local entities, but the State logically must take a
leading role, since much of the development that will
be nevded is outside the scope of federal interest and
beyond the capabilities of local entities. Further, the
magnitude of the job to be dome will require the
finaneial support of all agencies involved.

PLANNING FOR DEVELOPMENT OF
CALIFORNIA’S WATER

Solution of California’s water problems will not
be fully accomplished until the water resources are
captured and controlled at their source, transported
to areas of need, and reregulated to the demand
schedules prevailing in the particular areas served
in amounts sufficient to meet the ultimate require-
ments for all beneficial uses. The indicated solution
will involve the redistribution of water supplies for
use in local areas, and the transfer on a state-wide
basis of water from northern areas of abundance to
central and southern areas of deficiency. Thus, the
planning of projects necessary for achievement of
the required degree of water resource development to
meet the ultimate requirements involves three pri-
mary considerations, each of which presents difficult
but not insurmountable obstacles. As presented
herein, these considerations concern the development
of a solntion of ultimate problems, but do not cover
the many phases of interim uses and transfers of
water that would inevitably occur during the step-by-
step implementation of the ultimate plan.

Capture and Control of Water

The first consideration—ecapture and control of the
water at its source—involves the planning of large
surface storage reservoirs and substantial ground
water storage to regulate the inherent seasonal and
cyelie fluetnation of stream flow to a more or less
uniform seasonal supply, for conveyance to areas of
use both local and distant. Aetnally it is the varia-
tion of runoff from year to year, rather than that
within the season, that imposes the large storage re-
quirements, as sufficient storage must be available to
capture surplus water during wet periods to earry
through subsequent extended drought periods. Were
it not for the variable or eyelic oceurrence of the
water resonrces, the storage requirement would be
greatly reduced. The enormous storage requirement,
as subsequently developed in this bulletin, pmlmhli'
could be met by surface storage alone on the north
coast streams. However, full eyelie regulation of the
flow of the Sacramento Valley streams would neces-
sitate not only full development of all available sur-
face storage opportnuities but also conjunetive opera-
tion of the large underground reservoirs in the
Saeramento and San Joaquin Valleys. Some 30 per
eent of the developed runoff of the Sacramento Val-

ley would need to be regulated by uudergro
storage. This in turn would requm the provision of

conveyance canals adequate in capacity to transport
this secondary water, of irregular occurrence ar
variable flow characteristics, to the areas of
of the underground storage basins,

Conveyance to Areas of Need

The second consideration—the conveyance of wat;
over long distances to areas of need—involves 3
conduits which must pass over or through either or
both the Coast Range and Tehachapi Mountains, and
which would extend practically from the northern to
the southern borders of the State. Economic and geo- *
logic considerations dictate the design of such con-
duits generally for continnous yenr-ﬂmnd conveyance
of a uniform quantity of water, in order to minimize
the size of tunnels, pumping plants, canals, uiphm
and other conveyance facilities. In certain cases, how- |
ever, pumping plants and conduits would be designed
for larger capacities to enable the use of lower co
off-peak power. Moreover, conveyance of the variab
seasonal secondary water from the Sacramento Valley
to the San Joaquin Valley would necessitate the dt-
sign of certain conduits to the maximum rather tha
the average seasonal flows. Even at their mmimma
possible size wherever possible, conveyance facilities |
required for interbasin transfer of water under ult] '."»"
mate conditions would be without precedent in mnani—
tude and scope. i

Reregulation in Areas of Use

Finally, the third consideration— the rereguhﬁm, :*"
of delivered water to the monthly demand schedv
prevailing in the areas of use—involves the phnning,
of terminal storage reservoirs to regulate the largely =
uniform deliveries to the varying monthly demands
for the various uses in the areas served., Because the
bulk of the water wonld be delivered to most areas on
a uniform seasonal basis, the required terminal stor-
age facilities would be relatively small. However, in
areas such as the San Joaquin Valley, where a portion
of the supplemental water wonld be delivered on a 2
variable basis from year to year, final regulation
wonld he mw-mphahﬂl by use of ground water storage
to a very large extent. ;

Development and Use of Water

In addition to the foregoing considerations of de-
velopment, conveyvance, and reregulation of water,
planuing for the ultimate solution of California's
water problems also requires the consideration of other
physical problems brought about by the development
and nse of water. Those problems associated with the
development of water involve the operation of reser- |
voirs for the several bheneficial, althongh somewhat in-
compatible, purposes of providing munieipal, irriga-
tion, and industrial supplies; flood control; fish and
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wildlife; recreation; navigation; and power genera-
tion. Problems associated with the use of water in-
volve the consideration of protection of water quality
and provision for adequate drainage. Means of finane-
ing, although involving problems vital to the effectua-

tion of the vast system of works necessary to the solu-

tion of California’s water problems, are beyond the
scope of planning considerations presented herein.
Certain basic legal concepts are inherent in the
phnning considerations necessary to the solution of
California’s water problems. Minimum pessible inter-
ference with vested water rights is & major objective.
However, some instances of confliect with vested rights

- are inevitable in a plan of such magnitude. In those

instances of interference and to the extent vested
rights might be adversely affected, the interference
would have to be adjusted either by agreement, pur-
chase, or condemnation. Exchanges of water, where
necessary or desirable, would be accomplished by mu-

tual agreement among the parties affected, including

the State and Federal Government where pertinent.
With respect to the protection of areas of origin of
water and the areas of deficiency for which new water

‘supplies must be made available, it is assumed that

the legislation necessary to provide that protection
would be enacted prior to its need. Similarly, with

~regard to ground water operations, it is assumed that

necessary legislation would establish the policy and the

-authority which would enable the operation of ground

water basins to the degree required under ultimate
conditions, prior to the time such operation becomes
necessary. Many other legal problems are certain to
arise as the water resources are developed. For the
purposes of this report it is assumed that they will
be solved as the need arises.

Development of Water. As previously stated,
problems associated with the development of water
involve the operation of reservoirs for the somewhat
incompatible purposes of providing municipal, irriga-

| tion, and industrial supplies; flood control; fish and
- wildlife; recreation; navigation; and power genera-

tion. This statement refers to the problem of resolving
the inherent conflict in the allocation of limited avail-
able reservoir storage to each of those purposes. As
an example, operation for Hood control sometimes re-

| quires the use of storage that might otherwise be used

for conservation. Operation for power generation sim-

_ilarly may encroach upon conservation storage, be-

cause of the required minimum storage for mainte-
nance of power head. Moreover, the schedule of power
releases is not in phase with the schedule of releases
for irrigation purposes, although a large portion of
the conservation releases also accomplishes the dual
purpose of power generation. Operation of reservoirs
for water supply, flood control, and power generation
is not readily amenable to recreational use of the res-
ervoir area heeanuse of the extreme and sometimes rapid

fluctuations of water levels. Furthermore, reservoir
releases for downstream fishery enhancement may ad-
versely affeet the conservation yield for other pur-
poses. Conversely, any major storage structure would
affect anadromous fish by blocking their passage to
upstream spawning areas, necessitating the provision
of adequate facilities for maintaining the fisheries re-
sources. To minimize the effects of these confliets and
thus achieve the maximum degree of conservation con-
sistent with the manifold benefits desired, carefully
coordinated operation of multipurpose reservoirs is
mandatory,

All of the foregoing purposes of water development
are vitally necessary and must be fully considered in
planning for the solution of the State's water prob-
lems. Such planning involves consideration of certain
reservoirs to be operated solely for flood control, other
reservoirs to be operated solely for fish and wildlife
and recreational purposes, and certain reservoirs to
be operated primarily for power generation. [owever,
most major reservoirs would be operated for all of
these and other beneficial purposes.

1. Flood Control. 1t should be pointed ount that,
in addition to planned operation for flood control, a
measure of incidental flood protection would be de-
rived from operation of any storage reservoir. Ifow-
ever, storage capacity sufficient to contain all flood
waters would require extremely large and expensive
reservoirs, Generally, it is not feasible to attain com-
plete conservation and flood control by storage alone.
Improvement of downstream channels in combination
with npstream storage reservoirs will probably pro-
vide the most economic solution to the important
problem of flood control in California. Flood control
has in the past and will continue to be largely a joint
endeavor between the United States, the State, and
local public interests.

2. Reereation, Fish, and Wildlife, Outdoor recrea-
tion and fish and wildlife conservation are esseatial
considerations in planning for water resource develop.
ment. When reservoir storage is contemplated on
streams with reereation potential, sufficient reservoir
releases must be planned to maintain favorable down-
stream conditions for reereational pursuits aud prop-
agation of fish life. Planning of major dams which
would block passage of migratory fishes to their an-
cestral spawning grounds requires the conenrrent plan-
ning of fish ladders, substitute fish hatcheries, or
spawning ground, or development of other streams
solely for fish life as compensatory measures. Plan-
ning for recreational purposes also involves the con-
templated operation of reservoirs dedicated solely to
the improvement of summer stream flow conditions in
popular recreational areax where such flows are pres-
ently deficient.
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ting largely of proteetlou of the chanuel and
lnhiut from scouring flood fHows.

¢ £i_lo derelopments are contemplated above Bridge-
jort Valley on the East Walker River. However, a
i ‘ u pelectrie generating plant, utilizing the available
d between DBridgeport Dam and the state line. of
-, 200-kilowatt capacity, could develop 39,700,000 kilo-
fvatt-hours of eleetrical energy per year. Bridgeport
i v forms an excellent potenml ground water
Bridgeport Reservoir, at the lower end of the
lex, has cansed high ground water elevations under
r htm of Bridgeport. ['se of the ground water basin
quight tend to lower such existing water levels. Both
h United States Bureau of Reclamation and the
Watker River Irrigation District have investigated
5 s possibility of raising Bridgeport Dam. .\ project
tht nature should include works necessary to pro-
ot the town of Bridgeport from further damage by
| th ground water levels.

IMOmm Group. The Mono-Owens Group
s the Mono Lake, Adobe Valley, and Owens
River areas in the central part of the State, adjacent
§ “"tlle California-Nevada boundary. The westerly
Joundary of the group lies along the crest of the
;‘a. ' \eradl The gross area of this group in Cali-
is about 4,112 square miles, of which about
! tqum-e miles are valley and mesa lands. Mt. Whit-
ey, the highest peak in the continental [nited States,
.-:u- ng 14.500 feet above sea level, is the outstanding
opographic feature,
! Mono Lake is a perennial lake with a surface area
f about =8 square miles, at an elevation of 6,400 feet
'i*- sea level, The lake waters are highly saline and
_, titable for general use. Many small reservoirs and
in the upper reaches of Rush, Leevining, Parker,
l!ker and Mill (‘reeks afford excellent opportuni-
jes for fishing and recreation, Grant Lake on Rush
'reek, and Walker and Nardine Lakes on Walker
mel: are owned by the City of Los Angeles and are
ated to facilitate the »nmrtamm of water to Los
geles, Several reservoirs in Mouo Lake Basin, used
f:_ﬂ'illlll‘ll} for hydroelectric power production, are
rmd and operated by the C(‘alifornia Electric Power

-(.

ompany. The several small reservoirs in the basin
Lave an aggregate storage capacity of about 90,000
‘en-fm
The Owens River rises in voleanie formations to the
rth of Owens Valley, flowing across the broad up-
lfud meadows of Long Valley. The river then dl‘u])a
teeply through the Owens River Glorge, arriving at
“le head of Owens Valley at an elevation of about
tjm feet. The fall thruugh the gorge has heen utilized
r the production of hydroelectric energy. From the
1outh of the gorge, the river follows a meandering
purse through the valley, finally terminating in
dwens Lake. Exportation of water to the ity of Los
- sngeles has reduced the inflow to the lake, and a brine

processing industry now conducets extensive operations
on the lake bed,

The many lakes and small reservoirs in the Mono-
Owens Group provide exeellent and much-needed
recreational opportunities. In addition to the existing
facilities for fishing and camping, the organization
and provisioning of groups formed for fishing and
hunting is a major activity. Much of the present econ-
omy of the group is based upon these recreational as-
peets, factors which are expected to be of increasing
importance to the area. Long Valley Reservoir, also
known as Lake (‘rowley, is a very important recrea-
tional asset to the Mono-Owens (Giroup.

Long Valley, Tinemaha, and ITaiwee Reservoirs reg-
ulate the runoff of the Owens River and the imported
waters from Mono Lake Basin. The City of Los An-
geles purchased some 300,000 acres of lands in Owens-
Mono Basin to obtain water rights for its project. The
city now leases lands under agreements which contem-
plate applying water to varying acreages of these
lands, depending upon the availability of water in
excess of the carrying capacity of the Los Angeles
Aqueducet, which now delivers 320,000 aere-feet per
annum, approximately its full eapacity,

No plans have been prepared for further local de-
velopment in the Mono-Owens Group as the City of
Los Angeles claims rights to the use of most of the
waters of these basins. It is expected, however, that
some agricultural development on the more favorable
lands will oceur in the future, utilizing water pres-
ently wasted by phreatophyte infestation. Importation
of additional water would be extremely diffieult and
costly, Every effort must be made to preserve and en-
hance the fish and wildlife resources of the area and
to expand the recreational opportunities,

Mojave Group. The Mojave Group comprises
Death Valley, the Mojave River Basin, and Antelope
Valley. The group is located in the southern part of
the Lahontan Area and is bounded on the west and
south by the crest of the Sierra Nevada and other
drainage divides separating the Lahontan and Colo-
rado Desert Areas, The group contains a total of
abont 22,700 square miles, of which 6,800 square miles
are valley and mesa lands, Death Valley National
Monument, an outstanding vacation land, is located
in this gronup and is bordered on the west by the im.
posing Panamint Range.

The Mojave Group is unique because all drainage is
internal, the streams terminating in dry lakes, or
sinks, which are subjeet to inundation in the ocea-
sional periods of exceptionally high runoff. The prin-
cipal streams in the group, all of which are compara-
tively minor, are the Mojave River, draining the
northerly slopes of the San Bernardino Mountains,
Big and Little Rock Crecks in Antelope Valley, and
the Amargosa River, draining Death YValley.
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Tremendous expansion has taken place in the desert
arveas during the past few years. Camp [rwin and the
Naval Ordnance Test Station at Inyokern are located
in the Mojave Group. The recent aceeleration of aetiv-
ities of these and other military installations has
caused a major influx of population into adjacent
urban areas, Antelope Valley has experienced some
agrienltural expansion during the last decade, but the
prineipal development has been due to expansion of
industry with the accompanying commercial develop-
ment to support the urban growth, In the Palndale
and Laneaster areas, the advent of military and re-
lated aireraft industrial installations has resulted in a
great increase in population. Major industries in the
Mojave Group are the manufacture of portland ce-
ment, the production of erops by irrigated agrieul-
ture, and the operation and maintenance of railroad
plant and equipment. Commereial development has
expanded rapidly, due to the growth of population
and the increased tourist trade that is being experi-
enced in this group.

Water quality problems are inextrieably connected
with the development of the native water resources
of the Mojave Group and the provision of additional
imported supplies. Poor-quality ground water is pres-
ently found in many of the individual ground water
basins. The existence of borax mines is indicative of
present and future problems associated with excessive
boron content of otherwise usable water supplies. It is
anticipated that other problems will develop as the
expansion of economie activity oceasions the further
development of ground water resources,

Future development of available ground water stor-
age capacity, involving the ntilization of large quan-
tities of imported water supplies, would require ade-
quate control over the maintenanee of salt balanee,
This is a serious and aggravated problem under eon-
ditions of internal drainage such as are found in the
Mojave Group, where all drainage water remuins in
the immediate vicinity of the primary supply. Salt
balanee in the usable ground water reservoirs must
be maintained by providing facilities to export, or
transfer, from the underground basins as great a
quantity of salts as is added in the processes of use
and re-use,

Flood problems in this group are those prineipally
connected with the Mojave River. Occasional floods on
this stream have in the past eansed extensive damage
i the valley areas, In 1956 the Corps of Engineers,
U. 8. Army, investigated the problem of flonds, and
recommended construetion of a flood econtrol reservoir
on the West Fork of the Mojave River.

In commmon with most other arid areas, the Mojave
Group is subject to clondbursis, which cause flash
floods, during which a large volnme of water is dis-
charged down a normally dry stream bed. Floods of
this type have cansed considerable damage in loealized

areas, but are so crratie in time and place as nmll
make infeasible the provision of adequate safeg
against the prospective flood damage. ;

The irrigated area in the Mojave Group amou
to about 99,000 acres in 1950. The water supplies
quired to support this agricultural development,
gether with necessary urban and suburban reg
ments, have been principally secured by develop
of available underground water supplies.

In Antelope Valley, the Little Rock Creek
Palmdale Irrigation Districts have developed
able surface supplies originating in the San Be
dino Mountains. In addition to the development
surface supplies, ground water has been exten
developed to supply most of the 74,000 acres pre:
under irrigation in 1950. As a consequence, an an
overdraft of about 160,000 acre-feet existed at
time; the ground water resources were overd
prior to 1946, at least. As a result, ground water I
now (1957) average 176 feet below ground su
It has been estimated that, under 1950 eond:tmnl;
water requirements for the then existing developm
in Antelope Valley amounted to about 226,000
feet per season. It is estimated that the probable
mate habitable water service area in Antelope V:
would total about 725,000 acres, of which about
000 acres would be irrigated, or approximately
times the 1949-50 area of irrigated lands. The
uutted probable nltimate mean seasonal water veg
ment iy about 1,520,000 acre-feet, of which 1,490,000
acre-feet might be used for irrigated agriculture
Sinee the native water supply amounts to only abow
66,000 acre-feet, it is apparent that, for all practiea
purposes, the water supplies necessary to support the
potential economie development of this area wo ',
have to be imported throngh the facilities of the Cal
fornia Aqueduet System. Rt

It is estimated that the yield available from natisy
water supplies in the Mojave Group is about 200,00
acre-feet per season, ineluding about 135,000 aer
feet from the Mojave River and 66,000 acre-feet from
watersheds tributary to Antelope Valley. Althoug
the Amargosa River, draining Death Valley, contrib
utes an nnknown amount to the water supply of
area, its effeet, in relation to the magnitude of t
estimated requirement, is believed to be small.

The objectives of The California Water Plan fo
the Mojave Group wounld be met by the lmmrtatm by
about 4,835,000 acre-feet of supplemental water su
plies per season from areas of surplus in Califors it
through the facilities of the California Aqueduet Sys
tem, and the transmission and distribution of p
witer supplies to loeal agencies thronghout the are
It is contemplated that water would be supplied ox
a constant-flow basis, and that reregulation to the
monthly demund schedule prevailing in the se
areas would be accomplished by utilization of ava
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4l Y s ground water storuge. The flow in excess of re-
:T‘ ements during the winter months would be placed
Mrgmnd storage, and, during periods when
&nund for water would be greater than the de-
:', {.-' flow, supplemental water aupplim would be
puped from the underground reservoirs and dis-
h‘ -throngh the existing system,
l{*h pointed out that the cost of importing water
&i arca would be high beenuse of the elevations

: ;Mm involved. This cost wight well be be.
jnd the repayment eapacity of irrigated agriculture
er current economie eonditions. On the other hand,
i hliﬂ'ad that urban communities, military activi-
" slnd indnstrial developments conld bear these
5 The feasibility of prmrtdmg adequate water sup-
for the Mojave Group in the near future, at
il‘ will be largely depmdout upon the probable fu-
e trend of economie development, whether it be
Jneip Iy urban and industrial or agricultural. The
."i rtment of Water Resourees is currently (1957)
* further and intensive study to the matter.

umt of the California Aqueduet System would
r the Lahontan Area at the Antelope Afterbay.
ilueribed hereafter under the heading *‘ Buena
Cedar Springs Aqueduet.”” It wonld traverse
gm along the southerly edge of Antelope Valley
Jl.'!\’e the area at Mnjn\e Junetion, from whence
ald proceed into the South Coastal Area, Diver-
d necessary water supplies for the Mojave Group
d be made as reqnired at varions points along the

.ﬂf the California Aquedunet route.

i -ﬂ

um of Lahontan Area. Ohjectives of the
lnr ornia Water Plan in the Lahontan Area would
M by further development of local water re-
, supplemented with imported water delivered
h facilities of the California Aqueduet System
mtherl\ portion of the area. Deficiencies in de-
d water supplies to support the existing munie-
ia lud agricultural developwent in the area have
reased rapidly in the past few vears, partieularly
he Mojave Group. The mpnlanon in the Lahontan
. was about 126,000 in 1955, with much of the
sinee 1950 oceurring in the southerly portion
# the area.

socal water resources in the Lassen Group are in-
_' nt to provide for the water requirements of
gmup Projects contemplated herein, while ang-
nting the present development, would not suffice
L meet the probable ultimate requirements, However,
Jovision of imported water snpplies to this area is
it considered feasible of accomplishment due to its
Puote geographical location and the diffienlties at-
¥ t on exporting required water supplies from

d of the Central Valley.
"‘h the Alpine Group the yield from local works
"*Il.ld acerne largely to the benefit of lands lying in
& State of Nevada. Contemplated works conld pro-

L Z‘.“-'- O .:M"-'

it
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vide water suppliex adequate to meet the estimated
ultimate requirements in this group. However, the
considerations involved in the distribution of waters
of an interstate streami will probably govern the
amount of water which conld be made available for
the nitimate development of the lands in the Cali-
foruia portion of the stream system. Projeets included
in The California Water Plan, together with existing
works in this area, wonld provide a high degree of
conservation of surface water resources, developing a
vield of abont 310,000 acre-feet of water per season.
This yield would be additional to the yield from
Bridgeport Reservoir on the Walker River and the
proposed Watasheamu Reservoir on the East Carson
River, In contrast, the estimated probable water re-
guirements of lands in California included in this
group are about 144,000 acre-feet per scason.

The possible yield from development of local water
supplies in the Mojave Gronp is estimated to be about
200,000 acre-feet of water per season. Required sup-
plemental water supplies in this gronp would be
largely provided from imported water delivered
through the facilities of the California Aqueduct
System. This wonld be accomplished principally
through the use of ground water storage in conjune-
tion with supplemental water supplies amounting to
4,835,000 acre-feet per season, which would ulti-
mately be imported into the group throngh the Cali-
fornia Aqueduet System, if determined to be feasible,
and be distributed by local water service agencies,

The future growth of California will necessitate a
considerable inerease in the development of recrea-
tional areas and facilities, Water development must
provide speeifie features for the enhancement of the
sport fishery and the wildlife of California. The
recreational aspeet of anticipated water development
ix of ontstanding importance in the Lahontan Area,
particularly in the Lassen, Alpine, aud Mono-Owens
Groups. This region of the State has many almost
unparalleled advantages for recreational develop-
ment. Much of the present economic development is
based upou supplying the recreational needs of (‘ali-
fornia’s population, and it is expeeted that this ac-
tivity will inerease at a rapid rate in the future,

The general features and ecosts of the loeal de-
velopment works contemplated as features of The
California Water Plan in the Lahontan Area are
presented in Table 15, The location and layouts of all
these facilities are delineated on Sheets 4. 6. and 9 of
Plate 5

Colorado Desert Area

The Colorado Desert Arew comprises all lands
draining directly into the Colorado River. together
with a nuwmber of eentrally drained desert basins
without ontlet. The area ineludes a total of 19,400
square miles, of which abont one-half cousists of
valley and mexa lands. The elimate of the area is arid.
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This aqueduet would convey about 825,000 acre-feet
per season, of which 368,000 acre-feet wounld be de-
livered to the South Coastal Area and 457,000 acre-
feet would be conveyed to the Colorado Desert Area.

TABLE 28

SUMMARY OF CAPITAL COSTS, SOUTHERN CALIFORNIA
DIVISION, CAI.IFOI!NM AQUEDUCT SYSTEM

Tem | Capital cost*
Buena Vista-Cedar Springs Aqueduct |
Feather River Project A $251,470,000
Pumping Plant No. 11T 1
Pumpisg Plant No. IV... . 16,790,000
Pumping Plant No, V. ........ 31,500,000
Pumping Plaat No. V1. e - ¥ 74,410,000
Quail Lake Reservoir . 4 500,000
C'edar Springs Forebay .. .. e 4,570,000
Upper Aqueduct....... i st 503,820,000
mmg“;" & t;:.mm
0. 8. i
Pumping Plant No. 8. ... cocnmiamn e iicaaas
Pumping Plant No.7... . . e o 11,260,000
Buens Vista Forebay ... ... ... - A= 6,040,000
Antelope Afterbay.... ... .. AT AT 10,330,000
Antelope-Mojave Aquedust System. ... ¥ 410.000.000
5T WO AN S ESCS T Uiy ol £2,034,080,000
San Fernando-Ventura Aqueduct
....................................... $142,570,000
Licbre Galeh Power Plant RN 17,720,000
Liebre Gulch Reservoir.. . BN 3,130,000
Custaie Creek Power Plant
Castaje Creek Reservoir. ... .. ..o .oviiiiiinn .. 18,740,000
Conejo Resorvoir. .. ..
o SN R S i (T HID.TM
Mcmmm
e e BB I oosiwe 5 bR e g $57.161,000
l-albmnlln ...................... 41,320,000
Arrowhead Springs Afterbay . . ... . ... ... 16,500,000
A el SRS ST e AR Sas S e S144,681,000
mem
g i . iip wib hats pry st s G eile g $14,153,000
Mhnbbpw {
Condull o i A kdiaduian dias e smniiadl 43,700,000
Keys (Canyon Reservolr... . 5,701.000
Enlarged Lower Otay Reservolr.. . .. . ... ... ... 3,045,000
Subtotal - - mtm
Barona Aqueduct
Conduit. ... ...... S1TR,UA4.000
Barona Reservoir. . Slm
T P e N TSR by ualmmm
San Diego nu-mmmn-mrmmmx
Condult. .......... 4 $230 880,000
Santa \'mlvl Pmnpiu I'hll ........... 1,450,000
santa Yeaabel Reservoir.. Logensudet s 7.230,000
Whitewater Aquednet
Conduit. . ... TP g s T e 5.1 40,000
Ranning Power l‘laln St 2 020,000
lathawny Power Flant e e it ] 140,000
Cabazon Power Mant . _ . A, X 1,000,000
Whitewster Power Plant . 330,000
San Felipe Aqueduiet
SO = o n i A d s o e A 21,800,000
San Frlige Dam and Reservoir 070,000
san Felipe Power Plant 1. 440,000
Narrows Fowsr Plant . . . 160,000
Kane Springs Power Plant ATD.000
Substeotal, . .. S27T3,800,000
Sebre g,
Total.. e = s £2,049,350,000

* At 1G5 price levels

Deliveries to high lands in the upper Santa
San Jacinto Valleys, to the San Gorgonio F
and desert lands to the east, and to high I
Riverside and San Diego Counties, would l:a
directly from the aqueduct. Near Lake Ilen
diversion by tunnel on a continuous flow l'uh
be made to the Borrego Valley area. Abont
acre-feet of water per season would also be proy
from the San Diego High-Line Aqueduct to Ba
Reservoir by the Barona High-Line Intercon:
for nse on lower-lying lands.

The general features and capital costs of the
fornia Aqueduct System in the Southern Californ
Division are presented in Tables 27 and 28. The lo¢
tion of these facilities are delineated on Sheets 16, |
20, 21, 22, 24, 25, and 26 of Plate 5. '

UTILIZATION OF GROUND WATEI!
STORAGE

Inherent in the concept of development, and vita
necessary to the suecessful implementation and op
ation of The California Water Plan, is the aval
bility of adequate facilitics for storage, regulati
and transportation of the developed water suppli
Transportation facilities would consist of the mi
local and transbasin conduits, and the iforn
Aqueduet System. Becanse of the many possible alf
native means of accomplishing the transfer of w
from areas of surplus to areas of deficiency, be
a loeal and on a state-wide seale, the problen
water tramport.ltiun. from an engineering poinf
view, is not likely to present insurmountable d
enlties in the implementation of The California W
ter Plan,

There are, on the other hand, no alternative mes
of developing the physical storage space requi
provide the necessary control and regulation of &8
large volumes of water over long climatic cyelis
Early in the studies concerning The (‘alifornia Watg
Plan it became apparent that such control and reg
lation cannot be accomplished by surface
alone, within foreseen economie limits. It was
fore necessary to examine in detail the feasibility
ntilizing the natural storage eapacity availak
nnderground basins in order to supplement ¥
available surface storage. Based on such examinati
there is every indication that stnra.sz(' oupm'l!y. 3
quate by a relatively safe margin, exists in '
nia's major underground basins to ena
necessary regulation, and that such regnla
physically possible under eonservative assum A

I'nder The California Water Plan, sufficient .F i
voir storage eapacity wonld be necessary in '
of water sarplus to so regulate water hupphet
they may be exported at a nearly uniform rsto,
redneing the sizes of transport conduits. Simil



| addition to further conservation of local water re-
s, reservoir storage space wounld be necessary in
$)e areas of water deﬁcienay to provide reregulation
& imported water, since such a rate of water delivery
| not correspond to the demand rates. Adequate
.. reservoir storage capacity was found to be
lable in the North Coastal Area to accomplish the
;-, p( regnlatwn However, in the Sacramento and
£pn Joaquin-Tulare Lake Basins and in the Lahontan,
plorado Desert, and South Coastal Areas, the large
1 of required storage could not be provided
in surface reservoirs.

In the case of the Sacramento River, San Joaquin
2-- . and Tulare Lake Basins, studies of the rela-
pn which would exist between historical inflow and
timated ultimate water requirements indicate that
may ximumn of approximately 53,000,000 acre-feet of
" storage capacity would be required to regulate
e water supply so that water demands could be
pt as they ocenr, without nhortages. It is further
ffi cated that foothill storage reservoirs could be eco-
cally constructed in the basins to an aggregate
atory eapacity of about 22,000,000 acre-feet.
equently, the additional 31,000,000 acre-feet of
‘--r 1 storage space necessarily would be provided
rough utilization of ground water basins. Estimates
‘the storage capacity existing in the alluvium of
e Central Valley, made by the United States Geo-
gical Survey and the Department of Water Re-
urees, indicate that some 133,000,000 acre-feet of
s storage capacity is available within 200 feet of
llnd surface. Taking into consideration areas of
mtionable water quality and areas where rates of
I ze and extraction might present problems, it
indiutod that the usable storage eapacity might
ot aut to ahout 95,000,000 acre-feet.

e of Ground Water Storage

2 For the most part, the total storage capacity which
W available in the alluvial valley fills is the sum of
e volumes of the innumerable small pore spaces,
. voids, that exist around the particles comprising
e alluvial fill. Not all of this volume, however, is
able; in clays and fine silts, the interparticle spaces
8 too minute to permit sufficient rates of water
ement, Moreover, not all of the water stored in
@ interstices of the alluvium will drain out as the
“hter table drops. Primarily, the larger pore spaces
tand in sand and gravel strata and deposits pro-
de the usable underground storage space. Even in
ose larger interstices, the movement of ground
_‘;"- ler is so slow that rates of placing surface water
1 storage. flow within the ground water basin itself,
“ i rates of extracting water from storage by means
+ welly are prime problems in the utilization of the
~orage eapaeity of a ground water basin.
_I_ll addition to the physical problems, economie and
quality criteria must be considered fully in
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estimating usable ground water storage eapacity and
in selecting water supply sources. For each water
use and for each source of supply there is an eco-
nomie limit to the price which conld be paid for the
supply. Thus, there is a limiting depth from which
ground water could be obtained economically. This
economie depth, of eourse, varies with the use of the
water. Profitable agricultural endeavors in certain
areas of the State are now obtaining water from
depths in excess of 600 feet. However, under The
California Water Plan pumping depths of such mag-
nitude are not envisaged,

If parts of the alluvinum contain water of unsuable
quality, or if soluble minerals exist within the sub-
surface basin which wounld degrade water placed in
storage, these volumes of the alluvium cannot be con-
sidered as nsable for water storage. In time, such zones
or areas might be flushed of their degradants and
become usable, However, since sufficient information
is not now available concerning these processes, such
areas are presently classed as unusable. In those areas
where the upper fresh ground waters are underlain
by connate saline water or where the possibility of
sea-water intrusion exists, the draft on the usable
ground water must be controlled, as to both rate and
total annual amount, to the extent necessary to main-
tain the quality of those waters at acceptable levels.
Operators of a ground water basin must exercise con-
stant eare to assure that usable storage space is not
rendered ununsable by an aceumulation of damaging
concentrations of undesirable minerals. This can be
accomplished by controlling the quality of water
placed in storage; by adjusting the relative use of
surface and ground water throughout the basin; by
controlling the rate, amount, and areal pattern of
extractions; and by providing requisite drainage or
outflow from the basin to maintain salt balance, The
California Water Plan envisions the maintenance of
the ntility of ground water basins in perpetnity.

Surface reservoirs and subsurface basins arve simi-
lar in that they each have replenishment aud discharge
characteristies. Surface reservoirs will store water
as fast as the inlet channels permit, and may be de-
signed to discharge at any rate, In the ease of ground
water basins, however, the recharge or replenishment
capacities are not so completely subject to artificial
control. At the same time, they eonstitule primary
factors in determining the utility of the basin, Under
natural conditions water enters the ground by infil-
tration from direet precipitation and by percolation
from streams and ponds. Under artificial development,
additional important means of recharge, namely, canal
seepage, deep pereolation of unconsnmed applied irri-
gation water, retnrn flow from cesspools and the like,
hecome effective, as well as does artificial recharge by
spreading and other means. In addition, an area lyving
at higher elevations that receives an abundanece of
surface water may serve as a sonree of replenishment
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_,&Imon to further conservation of local water re-
Purces, reservoir storage space would be necessary in
_;m of water deﬁeimcy to provide reregulation
pried water, since such a rate of water delivery
not oormpond to the demand rates. Adequate
_; face reservoir storage capacity was found to be
ailable in the North Coastal Area to accomplish the
uired regulation. However, in the Sacramento and
Jo.qnin-'l'ulare Lake Basins and in the Lahontan,
rado Desert, and South Coastal Areas, the large
es of required storage could not be provided
tirely in surface reservoirs,
ﬁ the case of the Sacramento River, San Joaquin
ver, and Tulare Lake Basins, studies of the rela-
_ wheh would exist between historical inflow and
timated ultimate water requirements indicate that
maximum of approximately 53,000,000 acre-feet of
slic storage capacity would be rcqmre:l to regulate
s water supply so that water demands could be
f‘_ as they oceur, without shortages. [t is further
A dic teﬂ that foothill storage reservoirs could be eco-
cally constructed in the basins to an aggregate
'u“ tory capacity of about 22,000,000 acre-feet.
D squently, the additional 31,000,000 acre-feet of
! w ol storage space necessarily would be provided
rough utilization of ground water basins. Estimates
.tllo storage capacity existing in the alluvium of
e Central Valley, made by the United States Geo-
Survey and the Department of Water Re-
indicate that some 133,000,000 acre-feet of
pss storage capacity is available within 200 feet of
hnd surface. Taking into consideration areas of
lewt onable water quality and areas where rates of
sharge and extraction might present problems, it
indieated that the usable storage capacity might
punt to about 98,000,000 acre-feet.

of Ground Water Storage
Yor the mnost part, the total storage capacity which
;nihbh- in the alluvial valley fills is the sum of
e volumes of the innumerable small pore spaces,
_voids, that exist around the particles comprising
llltmal fill. Not all of this volume, however, is
hle ; in clays and fine silts, the interparticle spaces
e too minute to permit sufficient rates of water
Sovement. Morcover, not all of the water stored in
§ e interstices of the alluviwm will drain out as the
hter table drops. Primarily, the larger pore spaces
und in sand and gravel strata and deposits pro-
e the usable underground storage space. Even in
“ose larger interstices, the movement of ground
“ater is so slow that rates of placing surface water
'ntora:.w. flow within the ground water basin itself,
~ad rates of extracting water from storage hy means
5 wells are prime problems in the utilization of the
‘brage capacity of a ground water basin,

{In addition to the physical problems, economie and
g‘hmr quality eriteria must be considered fully in

|
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estimating usable ground water storage eapacity and
in selecting water supply sources. For each water
use and for each source of supply there is an eco-
nomie limit to the price which could be paid for the
supply. Thus, there is a limiting depth from which
ground water could be obtained econvmically. This
economie depth, of course, varies with the use of the
water. Profitable agricultural endeavors in certain
areas of the State are now obtaining water from
depths in excess of 600 feet, However, under The
California Water Plan pumping depths of such mag-
nitude are not envisaged.

If parts of the alluvinm contain water of unsuable
quality, or if soluble minerals exist within the sub-
surface basin which would degrade water placed in
storage, these volumes of the alluvium cannot be con-
sidered as usable for water storage. In time, such zones
or areas might be flushed of their degradants and
become usable. However, since sufficient information
is not now available concerning these processes, such
areas are presently classed as unusable. In those areas
where the upper fresh ground waters are underlain
by connate saline water or where the possibility of
sea-water intrusion exists, the draft on the usable
ground water must be controlled, as to both rate and
total annual amount, to the extent necessary to main-
tain the quality of those waters at acceptable levels.
Operators of a ground water basin must exercise con-
stant eare to assure that usable storage space is not
rendered unusable by an accumulation of damaging
concentrations of undesirable minerals. This can be
aceomplished by controlling the quality of water
placed in storage; by adjusting the relative use of
surface and ground water throughout the basin: by
controlling the rate, amount, and areal pattern of
extractions; and by providing requisite drainage or
outflow from the basin to maintain salt balance. The
California Water Plan envisions the maintenance of
the utility of ground water basins in perpetuity.

Surface reservoirs and subsurface hasins are simi-
lar in that they each have replenishment and discharge
characteristies, Surface reservoirs will store water
as fast as the inlet channels permit, and may be de-
signed to discharge at any rate. In the ecase of ground
water basins, however, the recharge or replenishment
capacities are not so completely subject to artificial
eomntrol. At the same time, they constitute primary
factors in determining the ntility of the basin. Under
pnatural conditions water enters the ground by infil-
tration from direet preeipitation and by percolation
from streams and ponds. Under artificial development,
additional important means of recharge, namely, canal
seepage, deep pereolation of unconsumed applied irri-
gation water, return flow from cesspools and the like,
become effective, as well as does artificial recharge by
spreading and other means. In addition, an area lying
at higher elevations that reeeives an abundance of
surface water may serve as a sonree of replenishment
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to a lower-lying area by providing subsurface flow to
the lower area.

The significance of the problem of ground water
recharge rates is apparent when a comparison is made
between the short duration and large volume of flood
flows, or even the usual peaks of seasonal runoff, and
the low rates at which stream percolation ocenrs. Fur-
thermore, this problem is exaggerated where surface
reservoirs capture all but the larger flows, thus re-
ducing the ground water recharge period to a rela-
tively few days of peak discharge. In addition, there
are many instances where the natural recharge oppor-
tunity is so limited that additional capacity must be
developed artifieially. Artificial recharge may take
the form of stream channel modifieation to increase
the wetted stream bed area; construction of spread-
ing ponds or ditches, recharge wells, and shafts; and
uperntlon of the irrigation canal system during the
nonirrigation season to effect recharge during the pe-
riod when eanals and ditches normally wonld not be
full. Such operation would provide additional oppor-
tunity for seepage from the surface distribution
system.

Artificial recharge operations slhiould be so located
with respeet to the geologie structure of the ground
water hasin as to achieve the most efficient utilization
of the storage capacity and of the transmissibility
of the aquifers. In selecting a location, consideration
must likewise be given to the surface soil texture and
subsurface structure in order to obtain the best per-
colation rates. Artificial recharge works may involve
considerable areas of land, with consequent cost and
possible interference with other potential land uses,
There are other problems involved which necessitate
careful consideration, ineluding: econstruetion and
maintenance of diversion works from streams; control
of silting ; maintenance of percolation rates; and pre-
vention of nuisance and protection of the publie
health throngh adequate mosquito control and other
INCASUres,

Storage of water underground through artificial
recharge has heen widely practiced in California sinee
1805, Much information and data are available both
from actual operating experience and from controlled
research, but further study and evaluation are needed.
It is emphasized that thorongh knowledge of the
physieal characteristies and geologie strueture of a
ground water basin is a prerequisite to suecessful
artificinl recharging operations therein,

Deep percolation of unconsumed applied irrigation
witer is an important means of ground water re-
clarge. Drainage problems frequently develop in
areas receiving abundant supplies of surface water,
and the possibility that such problems may arise must
be considered in planning the utilization of groumd
water basins. Such problems, however, can be pre-
vented by controlled pumping of water from the
gronnd water basin so ax to maintain a lowered water

table. The water thus pumped could be dis:
from the area as drainage water, or counld be atili
to irrigate adjacent or overlying lands, thus red
the amount of the required surface supply. For exs
ample, if only the water requirement necessa
satisfy consumptive uses were mmortcd to an ares;
and surface and ground water service areas w
properly balanced, the amount of water enteri
ground water storage would be equal to the a
leaving ground water storage and water levels »
not fluetuate npprecmbly from season to
thereby preventing serious drainage problems, -
ever, with such constant recharge and constant d
charge, no eyelic regulation would be proﬂded, _
the underground basin would be ineffective in pi
viding beneficial regulation of water supplies
long-time climatic eyeles. Problems of salt accumu;
tion in the ground water would undoubtedly ar

On the other hand, if the entire service area we
supplied with surface water to the maximum ext
possible during wet periods and the ground wa
drawn upon to a much greater degree dnring
periods, the ground water basin operated in conju
tion with surface reservoirs could serve to regul
the available water supply over long-time -.1.,’{-
cyeles, .

Under the concept of planned uu’hnhen, 1
ground water in storage would be deliberately d
down for beneficial use either on overlying
by export during dry periods, thus ereating g
storage space to be refilled with excess runoff ¢
ensuing wet periods under a carefnl]y planne
managed program. The operation of available sur
and ground water storage reservoirs would be
ordinated as to achieve the maximum feasible degs
of conservation. This method of operation ha
used in the studies for the Central Valley vdndx
deseribed subsequently,

In some regions, such as the South Coastal A
where the runoff is extremely erratie both in
and from year to year, with dry periods of seve
vears’ duration, and where surface storage is v
limited, the ground water basins must be relied npoi§
for long-time eyelic storage. Under such ecireum®®
stances, surface reservoirs are often used primal
to regulate the runoff to the extent necessary to cnab
the storage of the water undvrmund through &
ficial recharge operations. It is anticipated that
practice will become inereasingly prevalent in
more arid portions of the State in order to obtam§s
the maximum practicable conservation of local watet
resonrees, ’

Under conditions of full development and planne .
utilization of ground water resourees, the rate, the §
amonnt, and the arcal pattern of extractions must &'
earcfully planned and controlled if most efficient
is to be made of a basin, These withdrawal fac
must be properly related to: the geologic struetu
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i areally and vertically. of the basin; the areas
ﬁﬁutut potential usable storage capacity; the
ree areas of recharge; the transinissibility
| permeability of the aquifers; the areas of water
;ﬂn pmbihtv of water-logging in the lower por-
8 of the basin; and the necessity of controlling
U1 outflow and effluent seepage from the
in. Here again it is obvious that full knowledge
_ je characteristics of the ground water basin is
rerequisite,
‘ gg n legal and financial problems involved in
pllm:e(l utilization of ground water basins are
sed in Chapter V.,

ive Operation in the Central Valley

‘
'l
[he coordinated operation of surface reservoirs

1 underground storage basins in the mauner de-
jbed, to produce the desired yield at minimum cost,
Mermed ‘‘conjunective opeutiou." Several trial op-

on studies were made for assumed conditions of

¢ development in the Central Valley. In these
the costs of operltiml with various ecombina-

8 of surface reservoir release schedules and sur-

b water transport capacities were eompared with
m of required ground water pumpmg. in order

stermine the most economieal, or optimum, bal-

e between the two. The method of operation thus
oted, and described in part herein, is presented
m the only method which would serve the pur-

, but rather to illustrate in a general manner that

quired conservation results could be attained.

2 conjunctive operation of the entire Central
ley would not involve completely untried and un-
ved principles, but, before being put into prac-
~would require much additional study and in-
Shgation, particularly as to geologic conditions and

nomics. The only new aspects would be the valley-
e application of the operation and, to a certain

at, the flexibility in serving irrigated areas fromn
surface and ground water sources. However, in
~operation herein deseribed, provision was made
service to portions of the valley entirely from
er surface sources or from ground water, where
aphie, geologie, and ground water quality con-
tions dictate. Recharge to the ground water
Bins would oceur mainly from deep percolation of
uneonsumed surface application of water for ir-
@tion and from seepage from unlined canals and
ribution systems. In localized areas where normal
Mund water recharge is limited, artificial methods
ild be employed.

Hor studies of conjunctive operation, the Central
¥lex was separated into four parts: the Sacramento

ley, the Delta-Mendota Area, the San Joaqnin
ley-West Side Area, and the San Joaquin Valley-
it Nide Area. The location of the four areas, and

,;mj‘"' foothill storage reservoirs that were utilized
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in the studies, are depicted schematically on Plate 7,
entitled *‘Conjunctively Operated Storage in the
Central Valley,”

The period chosen for detailed study of conjunctive
operation of foothill and ground water reservoirs in
the Central Valley was the 10-year period 1926-27
through 1935-36. This period includes the 6-year
eritical drought period, 1925-29 through 1933-34. In
addition, water supply conditions prior to the 10-
vear period were such that the ground water reservoir
could be considered to be full at the beginning of the
period if conjunctive operation had been practiced on
a long-term basis. Assuming an available water supply
equivalent to the 10-year operation period, and as-
suming conditions of ultimate water demand, the
operation study demonstrated that it would be pos-
sible to provide not only the ultimate water require-
ments for the entire Central Valley but also to provide
a seasonal export to other areas of the State in excess
of 1,700,000 acre-feet of water from the Sacramento
Valley. Moreover, studies indicated that the ground
water basins would again fill to the levels existing at
the beginning of the 10.year period. A summary of
results of the operation study is given in Table 29.

Several of the values given in Table 29 merit com-
went. For instance, the studies indicate that under
the method of operation discussed herein, only 32
per cent of the usable ground water storage capacity
within 200 feet of the ground surface would be re-
quired to accomplish the necessary cyelie regulation.
Furthermore, since the selected 10-year period in-
cludes the most critical years during the 50-yvear mean
period 1897-98 through 1946-47, from a water supply
standpoint, it follows that the indicated maximum
depths to ground water may oecur about onece in 50
vears,

Under conjunctive operation, ground water pump-
ing units would be distributed more uniformly over
the nnderground basins, in comparison to the present
over-concentration of wells in regions that derive
their entire supply from underground sources. Fur-
thermore, through use of an integrated surface dis-
tribution system, wells could be operated on a more
continnous basis, thus reducing the number of instal-
lations required, and also reducing the unit costs of
pumping by savings in stand-by charges,

In summary, utilization of the ground water stor-
age ecapacity of the Central Valley is essential to the
full ultimate development of the water resources of
the State, There is economically available about 9».-
000,000 aere-feet of usable ground water storage
capaecity in the Central Valley, of which only 31,000,-
000 acre-feet would be required in the operation of
The California Water Plan. In order to utilize effec-
tively this subsurface reservoir, its conjunctive opera-
tion with the foothill surface reservoirs of the Central
Valley would be required. A possible means of ob-
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ing much of the recharge capacity necessary to
te the ground water basins of the Central Val-

bnable, on occasion, the service of about 75 per
 of the area from surface supplies. Thus, the
age from canals and deep percolation of uncon-
d applied irrigation water, plus certain artificial
jarge works, would recharge the underground
ns so that they would be filled and be available
eavy draft during drought periods.
ies of eonjunctive operation indicate that in
t areas where considerable present development
s, the average depth to ground water would be
than at present and, in areas where little ground
or development has oceurred, the depths to ground
r would be reasonable,
8 pointed ont, there are aetually no new prineiples
ved in the operations just deseribed. Further-
., there is every indication that the required
ind water storage capacity is available and that
required recharge rates could be obtained. A
hat similar method of operation is being prac-
d at the present time in parts of the Tulare Lake
n, notably in the service areas of the Kaweah,
and Kern Rivers. The Raymond Basin area in
hern (‘alifornia has been operated since 1945 on
i a planned basis,
ased upon present knowledge and the assumptions
have been made regarding available water sup-
and ultimate water requirements, it is indieated
- it will be necessary to operate the underground
us in coordination with foothill reservoirs in
hat the manner which has been deseribed.
sthermore, there is every reason to believe that

-
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TABLE 29

RY OF RESULTS OF CONJUNCTIVE OPERATION OF SURFACE RESERVOIRS AND GROUND WATER BASIN OF
THE CENTRAL VALLEY UNDER CONDITIONS OF ULTIMATE WATER REQUIREMENTS DURING THE
CRITICAL OPERATION PERIOD 1926-27 THROUGH 1935-36

Main subdivisions

i San Juaquin Valley tE:::l

| Narmunento Deita- o . Valley
Valley Mendota

Ares West Side  East Side
Ares

L s Ry b 2.1 6.5 2.4

......... 4.0 68 6.4 13.7 0.9

7.7 10.9 15.3 43.8 oT.7

] 62 L+ 31 2

8O il 53 68 67

30 £ 35 113 23

60 18 38 12 43

7.2 1.3 2.8 5.0 16.3

a1 1.3 .1 | 1.1 8.0

6.2 2.3 2.5 7.5 18.5

6.000 1.250 2,500 I 7,500 19,250

% 60 w | 30 30

50 130 %0 0 70

such operation eould develop by local initiative and
under local eontrol to a considerable degree, although
region-wide guidance in planning and coutrol in
operation wonld be necessary for most effective
results. The legal problews involved in conjunective op-
eration are discussed in Chapter V,

SUMMARY OF THE CALIFORNIA
WATER PLAN

There has been deseribed in this chapter a vast
system of integrated works, both local and inter-
basin, which serves to demonstrate that the objectives
of The California Water Plan are physically possible
of accomplishment within the limits of available wa-
ter resources, While it is acknowledged that ultimate
development of the land and other resources of the
State may be achieved by works differing in many
respeets from those described herein, certain basie
factors will remain essentially the same, regardless
of the actual works ultimately selected for construe-
tion. Among these factors are: the probable ultimate
water deficiency in the central and southern parts of
the State; the nltimate surplus in the North Coastal
Area and the Sacramento River Basin; the total
storage requirement for the necessary regulation and
control of water; and the approximate lengths and
sizes of major aqueduets required to equalize geo-
graphically the water resources and the ultimate
water requirements in California. In view of these
factors, and of the inherent limitations of any plan
for the indefinite future, it is considered that the
works smmmarized in this section are as realistic as
ean now be foreseen,



i CHAPTER V

IMPLEMENTATION OF THE CALIFORNIA WATER PLAN

ere have been discussed and deseribed so far in
bulletin the water problems of California and a
system of physical works which could accomplish
ives of The California Water Plan, Briefly,
1 has as its objectives the full satisfaction of
t md future water requirements for all bene-
purpou-a and uses in all parts of the State to
maximum practicable extent. It has been pointed
that development and operation of facilities
somplish these objectives would bring about ad-
nal engineering problems which must be con-
-' llld meﬂul-
is elllpter discusses certain considerations which
<8 ¢ to implementation of The California Water
antl without which the Plan could never be
;.. ted. These considerations, which are essentially
nonengineering nature but which govern all engi-
ng considerations, are deseribed under the gen-
ing *‘Prerequisites to Tmplementation of
Eallforma Water Plan,”’ In addition, this chap-
@ discusses  various other considerations which,
ugh not essential to the implementation of the
. could exert a considerable cffeet on its scope
..ecomplmhmmu. These are diseussed herein
i@r the heading ‘‘Other Considerations Affecting
California Water Plan.”

REQUISITES TO IMPLEMENTATION OF THE
CALIFORNIA WATER PLAN

ansformation of a system of physical works, such
wse deseribed in Chapter IV, from a plan to a
tv. will require careful study and evaluation of
and economie problems. Legal problems which
be reconciled involve the inndequacy of present
for aceomplishment of comprehensive eoor-
water resource development, and the require-
for amendment thereof or addition thereto. Eco-
: problems nvolve determinations of the need
Fspecific water development projects, benefits as
bared to costs. and appropriate means of finane-
Finally, and this cannot be emphasized tqp
igly, the solution of engineering, legal, and eco-
e problems would be of little avail toward actnal
pmentation of The California Water Plan with-
4 high degree of cooperation and elose coordina-
) of efforts of all agencies and individuals at the
. state, and federal levels.

Legal Considerations

State-wide coordinated development of (‘alifornia’s
water resources, as contemplated under The Califor-
nia Water Plan, will necessarily pose many legal
problems. Such problems relate to inadequactes and
uncertainties of present statutes; the required proce-
dure for acquisition of water rights in furtherance
of the coordinated plan; the nature and extent of
vested rights to use of surface and ground water;
the extent of unavoidable mterference with any such
rights and the methods by which such rights may be
compensated or otherwise adjusted in order to permit
full operation of the Plan ; preferential rights of areas
in which water originates; effectiveness of contract
rights in assuring areas of deficieney of a dependable
water supply; and relations between the State and
other agencies.

No attempt is made in this discussion to consider
all legal problems that might arise. As might be ex-
pected, many of the legal questions connected with
such a vast undertaking have not been resolved by the
courts and the Legislature, and many of the questions
which may arise cannot now even be anticipated. It
has been necessary, therefore, in many cases merely
to identify the problem and to limit the diseussion to
problems having the most general applieation and
interest.

As previously stated, The California Water I’lan
is designed to include and supplement, rather than
to supersede, existing water resource developments,
and ineorporates certain of the planned works now
proposed or authorized for construetion by public
and private agencies and individnals. Agencies of
the State and Federal Governments and water users’
organizations may all construet and operate features
of the Plan. The legal considerations vary consider-
ably with the ageney involved, but generally they fall
within the same {ramework of law.

Water Rights. Any ageney construeting or oper-
ating a unit of The California Water Plan would have
to acquire or adjust water rights. [f the operating
agency were not the user, it wonld aequire and hold
water rights for the benefit of the actual users. To the
extent that unused water not now subjeet to vested
rights would be made available by construction of
storage and diversion facilities, the law pertaining to
acquisition of rights to the use of unappropriated
water would be applicable. Where necessary, vested
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rights might be acquired either by agreement or con-
demnation.

1. Appropriative Rights. The Legislature las es-
tablished procedures for the appropriation of surplus
water. Water flowing in a natural channel not already
subjeet to appropriative or riparian rights is publie
water of the State and subjeet to appropriation in ae-
cordance with the provisions of the Water Code
(Water Code § 1201). However, the statutory provi-
sions relate only to surface water in a stream, lake, or
other body of water, and to subterranean streams
flowing through known and definite channels (Water
Code § 1200).

The foregoing requirements are applicable to state
agencies, ns well as to private corporations, organiza-
tions, and individuals, and to the United States. There
is no provision for withdrawing water from appropri-
ation ; a priority may be preserved, however, by filing
an application to appropriate unappropriated water
and following the procedures preseribed by law.

The Department of Water Resourees is authorized
by the provisions of Part 2, Division 6 of the Water
Code, to file applications to appropriate water which
“*in its judgment is or may be required in the develop-
ment and completion of the whole or any part of a
general or coordinated plan looking toward the de-
velopment, utilization or conservation of the water
resources of the State . . "' (Water Code § 10500).
Such applications are, in general, subject to the re-
quirements and rules which govern applieations by
others, except that the Legislature has provided from
time to time that they are not subjeet to the statutory
requirements relating to diligence,

A number of applications have been filed sinee 1927
pursuant to the foregoing authorization. Provision
has been made by the Legislature for assignment of
or release from priority under any such applications
when the release or assignment is for a ‘‘development
not in conflict with sueh general or coordinated plan’’
(Water Code § 10504). The assignee of any such ap-
plication is subjeet to the requirements of diligence
provided in Part 2 of Division 2 of the Water Code,
A number of these applications have been assigned,
including some to the United States as operator of the
Central Valley PProject.

The foregoing procedure, whereby the Department
of Water Resources may file applications to appropri-
ate unappropriated water for general or eoordinated
plans of development, is the only presently authorized
methad whereby rights to the use of unappropriated
water may be preserved in furtheranee of planning
by the State.

The California Water Plan involves utilization of
meh of the remaining  surpluses in California
streamns, As the Plan is carried forward, consideration
must he given to the filing of additional applications
to appropriate the water covered hy it, or in the alter-

native, to some other method of insuring ord
velopment and maximum beneficial use of t
source,

2. Acquisition of Eristing Rights. The
Water Plan is designed to minimize interference wi
vested water rights, but a few instances of conf
with senior rights wounld be inevitable in a p
such magnitude. Water rights are property with
weaning of the rule that private property 1 ":-'
be taken or damaged for public use without p
of just compensation. This means that to tha
vested water rights might be adversely
operation of The California Water Plan, they n
be aequired either by agreement, purchase, uv
demnation. ]

Some theoretical problems arise in connection |
the purchase or econdemnation of riparian rig
but in practice if all the riparian owners adye
affected are compensated or otherwise uﬁsﬁed.
is no one to complain, One who acquires an appn
ative water right may change the point of dive
und the place and purpose of use to conform th
project, provided other lawful users are not inj
thereby. Permission to make such changes with
to appropriations initiated under provisions ‘
Water Code must be seeured from the State Wa
Rights Board in accordance with the provisions
Sections 1700 through 1705 of the Water Code,

The power of eminent domain may be exerci
favor of a publie use of water, The State Consti t 1
provides that the use of all water appropriated fc
rental, or distribution is a public use and subje
the regulation and control of the State, in the mam
pm;clr;hwl by law (Constitution, Article l-l._
tion

The power of eminent domain may be ex .. ed
the State or Federal Governments directly t
their immediate officers or agents, or the pow
be exercised by public agencies, private corpol
and individuals when delegated by statute. If W
rights are damaged withont oompeusauon har
been made, the owner may file an action in inves
condemnation to recover com pensation, .:

3. Exchange of Water. It is probable that B
operation of The California Water Plan would
exchanges of water between watersheds in |
instanees in order to achieve the most effeet
economical distribution to areax of need. An ex
of existing supplies for water imported from
source has previously been effeeted by ag
between the United States, as operator of the
Valley Project, and certain water users in th
Joaguin Valley, Of course, there is no legal ¢
to such agrecments, and it is contemplated thl
exchange wvecessary would be effected under ,"
tiated agreements. Whether an exchange could 3
imposed in the absence of agreement and. if so, 8P

i 3
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mndilmm and under what circumstances under
law, is open to question. Although it is
in negative terms, the Department of Water
urces may be authorized to effect exchanges of
r in the Central Valley Project by Section 11463
' Water Code. This section provides that in the
istruction and operation of the project no exchange
uter of any watershed or areas for the water
y° other watershed or area may be made unless
mu requirements of the watershed or area in
h the exchange is made are at all times met and
isfied to the same extent as though the exchange
d not been made, and no right to the use of water
Il be gained or lost by reason of any such exchange,
wmble provision in present law would govern
of The California Water Plan not included in
ﬁentrll Valley Project. Further consideration
’ ‘be given to the problem as water development
 California proceeds.
4. Rights of Areas of Origin and Arcas of Defi-
sey. For purposes of analysis, the so-called
of origin’’ problem may be divided into two
: first, the problems with respect to the areas of
; and, second. those with respeet to the areas
ﬂmucy. As these terms are generally used, the
neipal areas of origin occur in the northern portion
State above the latitude of Sacramento. In
northem California areas water oceurs in excess
t ultimate requirements of the areas, and the
plus could be exported and used in other portions
State without detriment to the areas of surplus.
lro, however, localized areas within the arcas of
in which may be correetly termed areas of defi-
, due to either their geographic location or the
i o:l the occurrence of water.

» areas of deficiency include, generally speaking,
m south of the latitude of Sacramento includ-
¢ the San Joaquin Valley, the San Francisco Bay

', the Central Coastal Area, the desert areas, and

athern California,

AThe county of origin problem had its beginning
sout 30 vears ago when plans for the Central Valley
oject were being developed. Insofar as the areas of
gin are concerned, the problem is one of insuring
reservation of adequate water for their future de-
oment. It is generally recognized that efficient
ization of the State’s water resources requires
ations now for the fature needs of wountain
| foothill areas. Unless this is done, diffieult ex-
ange of water or expensive pumping installations
ght become necessary when these needs develop,
ith respect to the aveas of deficieney, the problem
e of having reasonable assurance of a dependable
ter supply. The problem is basically physical in
, having been created by unequal distribntion of
tate's water supplies. both as to time and place of
e, A full solution will require not only
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changes in the existing law, but, more importantly,
the construction of physical works to meet the water
needs in all arcas of the State as such needs arise,
With the ever-inereasing competition among areas and
uses for available water resources, a solution must be
reached now. The solution to the problem must be
state-wide in scope and must stem from attack of the
whole problem rather than of the individual problems
ereated by any specific project. It must be workable
and must permit continued development of the State’s
water resources,

The only legal protection now afforded the counties
or areas of origin for water for their future develop-
ment is contained in Section 10505 and Sections 11460
through 11463 of the Water Code. As previously
noted, the Department of Water Resources is au-
thorized to file applications to appropriate water
which is necessary for the coordinated development of
the State’s water resources, Applications have been
filed by the State in furtherance of state plans. Some
of these state filings have been assigned to the United
States to be used as a basis for water rights in connec-
tion with the Central Valley Project, and others have
been or are in the process of being assigned for various
other projects. Ilowever, under the so-called ‘‘county
of origin’’ law, the department is expressly prohibited
from assigning or releasing the priority under any
such applieation when, in its judgment, the effect
would be to deprive the county in which the water
originates of any such water necessary for its develop-
ment (Water Code § 10505). Consequently, several
of the assignments that have been executed contain
conditions either reserving a speeific amount of water
for future use in the counties of origin, or making a
reservation in terms of the law. To the extent, there-
fore, that a unit of The California Water Plan must
depend npon a State application for neeessary water
rights, nnder present law, only water in excess of that
necessary for development of the eounties of origin
wonld be availabe for use elsewhere.

The “county of origin’’ law under Section 10505
of the Water Code has the following marked limita-
tions:

1. Seetion 10505 is applicable only where State fil-
ings have been made under Seetion 10500 of the
Water Code, and can be effeetive only where an as-
signment or release of these filings is made. The
streams upon which there are no State filings are not
included under the so-called ““county of origin'' law
as set forth in Seetion 10505,

2. The exemption from the ordinary legal require-
ments of diligence nnder State applications filed pur-
suant to Section 10500 of the Water Code is subject
to renewal periodically by the Legislature, Shonld the
Legislature fail to renew this exemption from dili-
gence, the protection afforded to the counties of origin
therenuder would probably be lost. The eurrent ex-
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tension of exemption from diligence expires on Sep-
tember 30, 1959,

3. There is the further problem as to how water
reservedd under State filings which have been assigned
would be mmade available to users within the county
of origin. There is some question at the present time
as to whether any reservations for areas of origin
wonld be effective as against anyone other than the
assignee of State filings,

Under Water Code Sections 11460 through 11463,
commouly referred to as the ‘‘watershed protection
law,”’ it is provided that, in the operation of the
Central Valley Projeet, water may not be transported
from a watershed in which it originates to other areas
if it would deprive that watershed or areas adjacent
thereto of water necessary for their future develop-
ment, These sections of the code are limited in their
applicability to the Central Valley Project, and
present very serious problems for the operator of that
project, since it is entirely conceivable under these
sections that the substantial quantities of water de-
veloped under the Central Valley Project, and con-
tracted for by numerous water users’ organizations in
the San Joaquin Valley, eould be reealled for use in
the watersheds of origin or areas immediately ad-
jacent thereto, With such uncertainties, it is extremely
difficult for the State or the Federal Government to
plan intelligently or to operate the facilities of the
Central Valley Project.

In addition to the cited problems. the question has
been raised as to whether the existing county of origin
and watershed protection statutes are in accordance
with Article 14, Section 3, of the California Consti-
tution.

As indicated by the foregoing discussion, there are
now no constitutional guarantees for either the areas
of origin or the areas of deficiency. The present stat-
utes, insofar as the areas of origin are concerned, in
some instanees afford no protection and in other in-
stances the protection is uncertain. The uncertainty
created by the existing law makes any protection
afforded to the areas of deficieney indefinite to the
point where it is impossible to determine with cer-
tainty the quantities of water to be made available
from certain projeets for a specific service area on a
continuing basis. This uneertainty with respeet to the
operation of any project has been of grave concern
not only to the State but also to the Federal Govern-
ment, and to local agencies attempting to construet
water projects of their own,

In smmmary, the present statutes afford only
limited and deeidedly uncertain protection to the
areas of origin with respect to reservation of adequate
water for the future development of those areas.
Witer rights adverse to the future needs of the areas
of origin continue to beeome vested, These arcas now
have no assurance that they will receive any assist-
ance in the futnre in the construetion of needed water

development projects. They cannot depend upon
regulated stream flow for their future water sup
conservation works must be constructed to
and conserve the natural stream flow. The
statutes create serious problems and uncertaint
the planning and operation of projects; these diff
ties affect not only the State, but also the Fed
Government and loeal agencies.

The areas of deficiency which may obtain
supplies under contract with the State as the op
of an export project now have no positive
that they will continue to receive a right to a d
able water supply under those contracts, r
more, sume concern has been expressed that under
prineiples of a recent California court decision [
v. Long Beach, 44 Cal. 2d. 199, 282 P. 2(1..
(1955) ], the State may, with complete imn
abrogate its contraets with its political subdivis

Tt has become increasingly clear that the only fi
solution lies in the adoption of a proper const
tional amendment and of implementing leg
actments. The solution must provide: (1) positive as
surance to the areas of origin that adequate water w
be reserved for their future development, (2) positiy
assurance to the areas of deficieney that when
contract with the State for water they ean ¢
upon the right to that supply, (3) removal o
uneertainty inherent in existing statutes, and (4)°
adequately financed, continuing program of wa
velopment to meet the needs for water in all areas
the State, as those needs arise and as proje
satisfy them are found to be feasible.

Power of Eminent Domain. The power of ém
nent domain is necessary in construeting m
jeets, not only for the aequisition of wutet
but also for the aequisition of other real y
The Federal Government and most water users’
izations possess this power with few rutnetim
Department of Water Resources is specifically |
powered to condemn property in the name of the S
for construetion and operation of the Central
Projeet, ineluding the Feather River Project. (
Code § 11575 et seq.) There are certain restri
upon its power to condemn rights to water apy
ated to publie nse prior to January 13, 1934,
condemn appurtenant works which were dedie
publie use prior to July 1, 1933. Also, in the absene
of agreement, the department may not take or d
the line or plant of a common ecarrier railroad,
utility, or state ageney, or the appurtenances
until new facilities of like character and equal
ness have been provided. The department also M
authority, without these restrictions, to condem¥s
rights of way for flood control works (Water Co »”- .
8304). It has not been granted authority, however, |
condemn land and water rights for features of TIE

California Water Plan not ineluded in the Centrs
=
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Rlley Project, nor has it been specifically authorized

| acquire excess lands or lands required for
ture use.

Planned Utilization of Ground Water Basins.
Spuservation of the State’s water resources to the
“jtent that ultimately may be necessary would require

injunctive operation of surface and underground
prage capacity and use of the underground storage
Sotential as terminal storage, as well as full develop-
‘gent of loeal ground water resources, under a care-
v planned and managed method of operation. The
sral manner in which these objectives could be

plished and some possible methods of operation

e described in other seetions of this report. Planned
eration of ground water storage would result in
m po; lowering of ground water levels during
parlods. possibly lower than the levels that other-
e would have oceurred, until replenishment could
ﬂaeted during later periods of surplus water
ply. Present statutory law (Water Code § 1242)
s the storing of water underground as a
e use if such water is later applied to a bene-
pal purpose.
jEach owner of land which overlies a ground water
sin has a right correlative with the similar right

' each other such owner, to the reasonable beneficial
e of water upon his land from the common ground
. ater lupply This right is elosely analogous to the
' -' 1 right pertaining to surface streams, and is a

2d property interest which cannot lawfully he
en or damaged without observing the requirements

‘due process of law.

’ __ ough some cases look in that direction, it is
' Mnitely settled that a particular entity could
tain a right to place water imported from another
furee into a ground water basin for purposes of
‘gprage, and to subsequently withdraw an equivalent
santity of the resultant commingled water, even if

're were no material impairment of vested rights

ﬂlt' use of the natural supply. Legal problems

' d also be encountered if an attemnpt were made
mte storage space in a ground water basin by
‘g. iberately lowering the water level, even though
withdrawn water were put to beneficial use. Pres-
it law realistically recognizes that minor inconven-

Dee to existing rights cansed by subsequent uses
"-.; ¥ be unavoidable and is not actionable so long as

" i8 not unreasonable. Any substantial diminution of

e available water auppl\ or unreasonable interfer-
with means of diversion, however, entitles
ers of prior rights to appropriate relief either by
auetion or, where a publie use has attached, to
mpensation. Substantial lowering of ground water

_ ‘!\_’eh, with consequent material inerease in pumping
B

s

-,-__'_..;1r

8, would fall within one or the other of these rules,

5 ing on the degree.

:
J
&

From the foregoing it is clear that major changes
in the regimen of ground water hasins must be ac-
companied or preceded by a determination of the
rights of the water users, Such determination by the
courts is the only method of eontrol over the opera-
tion and management of a ground water basin which
is possible under existing statutes. An efficient method
of determining rights to the use of ground water
shonld be available.

There are two proeedures provided by present stat-
utes whereby the State Water Rights Board may as-
sist the courts in the adjudication of water rights.
Only one of these procedures, notably the “‘conrt ref-
erence’’ procednre, can be applied to percolating
ground water. Under the court reference procedure,
any action for the determination of water rights may
be referred by the court to the board. Another proce-
dure, commonly referred to as a “‘statutory adjudica-
tion,"” is restricted to surface bodies of water and to
subterranean streams flowing through known and defi-
nite channels, Under this procedure, all claimants to
water from a stream system can be brought before the
State Water Rights Board upon petition filed with the
board and signed by one or more claimants to the
waters involved; and upon the filing of the board’s
findings with the Superior Court, a judgment that is
conclusive on all parties can be entered. A large num-
ber of the smaller stream systems, particularly in
northern California, have been adjudicated under the
statutory procedure. A number of ground water ad-
judieations have been completed and others are in
process under the court reference procedure, Conclu-
sions relative to ground water adjudications which
appear to be warranted by the considerable experience
of the State Water Rights Board and the Department
of Water Resourees in this field are:

(a) The boundaries of ground water basins ean
be determined only after competent and thorough
geologie and hydrologic investigations,

{(b) The safe vield of a ground water basin is
not a fixed quantity but varies with (among other
factors) the state of development in the basin and
in the watersheds tributary thereto. \ecordingly,
periodie redeterminations must be made of the al-
lowable extractions of water from the basin if ef-
feetive utilization of the ground water is to be
achieved,

(¢) It will invariably take a considerable period
of time and substantial expeuse to obtain the data
necessary to determine the safe yield of a ground
water basin with reasonable aceuracy, but withont
these data the basin cannot be operated properly.

(d) Beeause of the obscurities inherent in the
ocenrrence of ground water and the wmultiplicity
and variable nature of the factors affecting the safe
vield of a ground water basin, measurement and
colleetion of the basie data required for adjndiea-
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tion should be initiated long prior to the actual
adjudieation and carried on continnously, so that,
when the need therefor arises, the information will
be available for use.

(e) In many instances it would be diffieult to
establish that excessive extractions of water have
resnlted in irreparable damage to a basin. Some
basins eould be pumped substantially dry without
irreparable damage resulting to such basins, for
upon cessation of pumping, the basin would gradu-
ally refill with water of satisfactory quality by
natural processes. On the other hand, where com-
paction and subsidence oceurs, or in coastal ground
water basins where sea-water intrusion oceurs due
to overdraft, or in other special cases, a finding of
irreparable damage might be made.

A program should be adopted for continuing in-
vestigation of the ground water areas of the State,
particularly those determined to be required for effee-
tive operation of The California Water Plan, sup-
ported by adequate appropriations. By this means, as
and when it becomes necessary to adjudicate rights
to the use of these ground water basins, to the extent
the necessary data are available, the expense and de-
lay of adjudication thereof would be minimized.

In 1955, Part 5 was added to Division 2 of the
Water Code, providing a procedure for filing notices
with the State Water Rights Board by every person
who extracts ground water in excess of a certain
minimum amount in the Counties of Riverside, San
Bernardino, Tos Angeles, Ventura, and Santa Bar-
bara. Any person may request the board to investi-
gate and determine the facts stated in a notice. The
determination of the board is prima facie evidence
of such facts in any aetion or proceeding in which
they are material. By operation of this procedure,
there wi'l in time be aceumulated much relevant in-
formation concerning rights to the use of ground
water, which will be available if and when it becomes
necessary to adjudieate such rights, and which will
serve to minimize expense and delay in such adjudi-
eations,

In procecding with The California Water Plan,
consileration should be given to the adequacy of ex-
isting law and administrative procedures to accom-
plish its purposes, Over the course of time, it is
believed that it will become neeessary to adjudieate
the rights to gronnd water in most of the underground
basing in the State. Among other things, considera-
tion shonld now be given to existing procedures for
the collection of data concerning ground water, ex-
isting procedures to determine rights to its use, exist-
g procedures for handling overdraft situations, and
to the adequacy of present law to allow full utiliza-
tion of ground water basins, The following modifiea-
tions to the conrt referenee and statutory adjndication
procedures have been proposed in order to simplify,

improve, and inimize the expense involved! g
careful consideration should be given to legi '
to accomplish them. '

(a) A practical lis pendens procedure sh
supplied. This should apply to both the com't
ence and statutory proeedures.

(b) The trial court should be authorized to
any case involving the determination of watu'
surface or underground, at any time after f
the complaint, to the State Water Rights Bmd, wil
direction to follow either the statutory adjudi '_
procedure or the court reference procedure. 1
would supply a most desirable flexibility.

(e¢) The trial court should be authorized to i
from time to time, trial distribution aehednlﬂ.
also should apply to both procedures.

(d) The State Water Rights Board lhonld
thorized to investigate and report upon all righ
the use of water, including ground water nghti.'
modification is necessary only in the statutory adj
cation procedure. E

(e) Provision should be added to the statut
adjudication procedure to the effect that initiat
of a proceeding tolls the statute of limitations, &
that, on motion of the Water Rights Board, an actie
to adjudicate the rights, in whole or in part, invol
in any such proceeding, filed during the pende
thereof, shall be abated. :

(f) The trial court should be authorized to imp
a physical solution, either as recommended by |
referee or as suggested by the parties, and to
any other order as the interests of justice m: ue,
quire. This should apply to both procedures.

(g) In entering its Judgment the trial court hou!
retain broad jurisdietion, in aceordance with t
principles approved by the Supreme Court of Ca
fornia. This also should apply to both procedures

In 1955 the Legislature enacted the Water R
plenishment District Act as Division 18 of the Wate
Code. Although various other types of districts o
authorized to replenish ground water, water reph
ishment districts organized under the provisions ¢
this act would have the mh‘nnlage of being aunthe
ized to levy assessments in proportmn to wab
pumped from the underground, This is particulas
important in making equitable assessments of t
holding appropriative and prescriptive rights
water on non-overlving land. These water users
not be adegquately assessed on an ad valorem kb

The organization of water replenishment distx
is limited to the Counties of Santa Barbara, Ven
Los Angeles, San Diego, Riverside, San Be {
and Orange, As yet, no water replenishment di
has been organized, so it cannot be said definite

t Hased on statement of llnm?' Holsinger, then Principal Atte
ney, Division of Water Hesources (now (Chalrma Lo
Water Rights Doard), before the Joint Legisiative Inl
Committee on Water Problems, wmber 14, 1954, i

g

1
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or this will be an effective type of organization
ililklug a ground water basin. If it should prove
s0, consideration should be given to extending
mnge of the Water Replenishment Distriet
| to other areas of the State.
n 1953, The Orange County Water Distriet Aet
Hlats. 1933, Ch. 924) was amended to give the dis-
ﬂlm!u assessment powers. The validity of these
: was sustained in Orange County Water Dis-
}, Farnsworth, 138 (al. App. 24, 518, 292 P, 2d.
' (193 6.
hile it is not an immediate problem, it is evident
Wit effective administration of the development and
ization of ground water resources, either by the
» or by local agencies, or by both, will become
_ ory as the stage of full water development is
. When it becomes necessary to operate
gmund water basins for import-export pur-
ll anvuloned under The California Water Plan,
te authority to do so must exist. Studies
_ be initiated now as to the adequacy of existing
- ' les to accomplish these ends, so that the necessary
#endments and additions thereto may be made at
‘appropriate time. The following items are sug-
ed for consideration in this connection :

1. A constitutional amendment to authorize and
ecompanying statutes to set up procedures for
= a) the planued utilization of ground water basins
Wor carry-over storage, and (b) adjustment of con-
liets with existing rights either by delivery of
ater or by cash compensation.
ﬁ. The requirement of permits and licenses for
 appropriation of gmund water,
3. Control and supervision of recharge of de-
leted ground water basins,

e f" ‘\‘1-;:.:;‘ :

‘0 protect and maintain the quality of the State’s
und water resources, it is believed that minimum
pdards of water well construetion and adequate
edures for the maintenance and abandonment of
Is should be enforeed as necessary throughout the
dte. This cannot be done under existing state law;
#sideration should be given to the enactment of
fessary legislation at an early date.

% onships With Other Agencies. 1. Inlcgra-
¥ With Projects of Other Agencies. Features of
1+ California Water Plan construeted and operated
Bithe Department of Water Resources would of
Bessity be integrated with features already econ-
abicted and to be construeted by other agencies, This
icnlarly important in conuection with projects

ed by the Federal Government.
e Sacramento River and Delta channels will be
l as a common water conveyanee system by both
| Central Valley Projeet and the l“ulhor River
_ajeet The San Luis Reservoir would also be uti-
L ' by both projeets under eurrent proposals. Tt is

:
2

apparent that detailed operational agreements will be
necessary for the integrated operation of these fea-
tures, so as to avoid conflict aud to obtain the highest
degree of benefieial use of water in an efficient man-
ver, Both the Central Valley Projeet and the Feather
River Project rely in part on water right applications
filed by the State on the same day. In general, use of
natural stream flow by the two projeets will be inex-
tricably interrelated, Both projects require an agree-
went or determination as to the water available for
their use—as between each other, and in relation to
water users in the Sacramento-San Joaquin Stream
System holding senior rights, There is no reason to
believe that all of these problems cannot be solved by
agreement if all of the parties approach them in good
faith.

2. The Federal Power Act. The Federal Power
Aet authorizes the Federal Power Commission to issue
preliminary permits and licenses for the purpose of
investigating, constructing, operating, and maintain-
ing project works ‘‘necessary or convenient for the
development and improvement of navigation and for
the development, transmission and utilization of
power’’ in navigable waters of the United States or
upon public lands and reservations of the United
States (except national parks and monuments), or to
utilize surplus water or water power from any govern-
ment dam [41 Stat. 1063, 1065 (1920) as amended,
16 U.S.C. s. 797 (e) (1952 ed.) ]. Construetion, opera-
tion, or maintenance of any such project works by any
person, state, or munieipality without first seenring a
license from the Commission is unlawful. The act also
containg provisions designed to accommodate state
and federal law. Since the Federal Power (‘ommis-
sion has authority over the planning and construetion
of certain hydroelectrie projects within the states,
conflicts may oceur if the projects licensed by the
commission differ from those approved by the state
by the granting of necessary water rights. If conflicts
should occur between federal power projeets and The
(‘alifornia Water ’lan, they would have to be settled
by the courts or by the Congress,

Water Development for Fish and Wildlife and for
Recreational Use. In order to provide sufficient
flowing water in a stream for fish and wildlife and for
the enhancement of reereational aspects of a stream, it
may be necessary to store water in headwater reser-
voirs to permit planned releases during low-water
periods, The combined releases and natural flows
woukl be plauned for a desirable all-year vegimen of
flow in the interests of proteetion and enhaneement
of fish, wildlife, and reereation.

In order to aceomplish the foregoiug objectives, the
planned stream flows should be protected against ap-
propriations of water for other purposes. owever,
present law does not provide positive and reliable pro-
tection for such natural or unregulated flows in a
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ln 1947, the California Legislature anthorized the
mitiation of the State-Wide Water Resources Investi-
ation to formulate a comprehensive master plan for
e full control, conservation, protection, distribution,
d utilization of all the State’s water resources, both
urface and underground, to meet the present and
ature needs for water for all beneficial purposes and
s in all areas of the State to the maximum practi-
extent. As a result of intensive study, analysis
msineermg and geologic data, and information
ade available during the planning phase of that in-
estigation, and on the basis of estimates and assump-
discussed hereinbefore, the following summary,
nelusions, and recommendations are presented.

e ".“‘”g_":“' W'WMMM* P =

SUMMARY

l. California’s rapid and continuing population,

agricultural, and industrial growth of recent years

xiven rise to unprecedented expansion in the

s for water for consumptive demands, comprising

for agricultural, industrial, and municipal pur-

and nonconsumptive uses, including those for

pod control, hydroelectric power, recreation, and

fish and wildlife. Corollary problems have developed,

'. ch as overdraft on ground water basins, intrusion

if saline and other degraded waters into ground water

dasins, problems of control of mineral and organic

¥ quality of surface and underground waters, drainage,
-‘{_ nd related problems,

_ 2. California’s water problems result primarily
&m the unbalanced distribution of its water re-
. _. es and water requirements, The major sources of
water are in northern California where the waters of

v streams now waste into the ocean virtually un-
ased. The major urban areas and productive agricul-
tural lands of California are in that portion of the

te to the south in which occurs only 30 per cent
of the total natural runoff. Great distances and
' rugged mountains separate source arcas from areas
of demand. About 70 per cent of the total stream
flow occurs north of the latitude of Sacramento, but
77 per cent of the present use of water, and 80 per
eent of the forecast ultimate use lie south of that line.

3. Water problems of California are further intensi-
fied by the large variations of runoff within the season
and from year to year, Most of the runoff occurs dur-
ing the winter and spring when the demand for water
i8 least. Runoff is also subjeet to marked annual varia-

(239)

CHAPTER VI
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

tions, with droughts of several years’ duration charac-
teristically being followed by one or more years of
above-normal runoff, The periodic droughts impose
the need for very large reservoir storage capacity for
eyclie regulation, in addition to lesser storage require-
ments for seasonal regulation.

4. The largest problems of water deficiency oceur
in the San Joaquin Valley and southern areas of the
State, the areas of greatest water demand. However,
water deficiencies do occur in all areas throughout the
State, especially in connection with seasonal unbalance
of available water. In many instances, increasing
water requirements have been provided for by draw-
ing on the large but presently diminishing supplies
available in ground water reservoirs. Withdrawals
from ground water storage presently (1957) exceed
mean annual replenishment by an estimated 4,000,000
acre-feet for the State as a whole, with resultant
perennial lowering of ground water levels.

3. Periodie floods from rivers and streams through-
out the State, in the valleys and flood plains where
most of the 14,000,000 population live, have resulted
in major damage and loss of life. Some of the flood
problems have been solved. However, with the intensi-
fication and expansion of urban and industrial areas,
many flood problems will become more severe until
remedial action is taken. As land becomes more of a
limiting factor in the ultimate development of the
State, it will be increasingly important to prevent
creation of blighted areas subject to recurring uncon-
trolled floods.

6. Deleterious effects on the quality of natural
water supplies have resulted from deficiencies in sur-
face and ground water development, from lack of
drainage, and from improper disposal of wastes.
Quality problems are common to nearly all other
water problems. In several locations in the coastal
plain, excessive draft has resulted in the intrusion of
sea water into underground aquifers, thus impairing
valuable sources of water supply. In many parts of
the Central Valley, continuing ground water over-
draft threatens quality degradation of fresh-water
aquifers by upward movement of deep counate brines
which were entrapped in underground basins in past
gmlugn- ages. In other areas, unfavorable salt balance
is a practical certainty as the result of perslstn-m
overdraft conditions, unless additional water is im-
ported and used. When more salt is brought into a
basin than is carried out of it by the outgoing water,
the salt balance is termed unfavorable, Another phase
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water resources for the beuefit of all areas of the
and for all beneficial purposes.

of the water quality problem has resulted from inade-
quate treatment of sewage and industrial wastes and
their disposal to streams and ground water basins, al-
thongh this problem is rapidly being brought under
control, Unless the guality of the State’s water re-
sources is maintained at proper levels, full satisfac-
tion of California’s ultimate water requirements will
not be possible. Standards for the quality of water
in relation to the beneficial uses thereof must be the
subject of continuing study and should be changed
when necessary in the light of further knowledge.

7. A serious problem associated with irrigated agri-
culture and stemming from it is the necessity for ade-
quate drainage. Extensive drainage systems and
proper disposal of drain waters of high mineral con-
tent are important factors in maintaining soil fertility
and ground water quality,

8. Further extensive development of hydroelectric
power is a necessary part of future water resource
development. Full future satisfaction of water de-
mands in all parts of the State will require mass
movement of water over great distances and high
mountains. This will ultimately require far more
power than the presently undeveloped potential for
hydroeleetrie power. Hydroeleetric power now finds
its greatest value in providing ‘‘peaking’’ energy
(i.e., that portion of the daily load when, for a few
hours, demands execed the base demand) in eombina-
tion with steam-generated power from fossil fuels,
and would combine equally well with future atomie
power generation. It is expected that the power mar-
ket will absorb hydroeleetrie power ontput as rapidly
us it can be made available. It is likewise believed
that ample cheap ‘‘off-peak’’ energy will be available
for pumping requirements.

9, Increasing demands have developed for enhauce-
ment of the fish and wildlife resources of the State,
and for inereasing the outdoor reereational opportuni.
ties associated with reservoir areas and live streams in
valleys, hills, and mountains. These demands have in-
ereased at an aceelerated rate, coneurrently with the
expanding popnlation and urban and industrial de-
velopment ; their satisfaction is vital to the future
welfare of California’s citizens.

10. Au additional problem in the further develop-
went of the water resources of California involves the
optimim use of available ground water basins and
potential surface storage reservoirs. Remaining com-
hinations of satisfactory dam sites with reservoir stor-
age sitex of adequate capacity are rvelatively few, and
mnst be utilized to the maximum practicable extent,

Concepts of The California Water Plan

1. The Californin Water lan is a master plan to
anide and coordinate the activities of all ageneies in
the planning, construetion, and operation of works re-
quired for the control, development, proteetion, con-
servation, distribntion, and ntilization of California’s

Plan:

clnde or snpplement, rather than to supersede, exist- :

2. As such a master plan, The California Wat

a. Evaluates the water supply available
fornia, and describes the places and charae
of its ocenrrence;

b. Estimates the water requirements, bo
ent and future, for all beneficial purposes
arca of the State, as those requirements can
seen ;

c. Points out the watersheds where preses
mates indicate surplus waters exist over tul
future needs for local development, gives es
of such surpluses, indicates the areas of defie
and gives the estimated deficiency for euk
area;

d. Deseribes cxutmg and prospective
lems in each area of the State;

e, Describes the uses to which the remain
appropriated waters of the State should be pu
maximum benefit to the people of all m
State; -

f. Suggests the means by which the mteu
State eould be distributed for the benefit and ¢
of all the people in all areas; -

g. Proposes objectives toward which future
velopment of the water resources should be dir
in all areas of the State, and suggests broad
terns for guidance toward these objectives;

h. Defines these objectives in terms of
physical accompliuhmenta which may be
measure the merits of projects proposed
struction by any ageney; and

i. Demonstrates that the waters available to
fornia, ineluding the State’s rights in and to
waters of the Colorado River, are not only ade:
for full future development of the land and
resourees, but also that physical accomplish
of these vbjectives is possible.

i Moot s s i ot e SR it G bl Ul

3. The California Water Plan is conceived as: |

a. A comprehensive plan which will meet the
quirements for water at some unspecified but dis- |
tant time in the future when the land and other |
resourees of California have essentially 8
state of complete development ; and

b. A flexible pattern, suseeptible of orderly de-
u-lupment by logical progressive stages as the grow- |
ing demands of the State may dietate, into which |
future definite projects may be integrated in an §
ovderly fashion, and which may be subulamlall!
altered and improved in accordance with adv
in technology and ehanges in conditions which can- |
not he fully foreseen today. -

4. The California Water Plan is designed to in-
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