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Foreword

This study of the Central Valley was prepared
by the staff of the Commission and by experts from
Federal agencies assigned to the Commission. It
is 1 of a series of 10 river basin studies (Columbia,
Central Valley of California, Missouri, Rio Grande,
Colorado, Potomac, Connecticut, Alabama-Coosa,
Ohio, and Tennessee). The analysis is based on
materials contributed by the several agencies and
other applicable documents. Those materials were
critically reviewed in open committee discussion for
many extended sessions.

The basin studies were prepared as background
data for the members of the Commission, as they
sought to work out the major policy issues set forth
in volume 1 of their report to the President. They
have been so used. All of the details, however,
have not been reviewed by all of the Commissioners.

The study is published because it is considered
valuable information for the citizens of California,
men and women whose deepest interests lie in
that area and who are interested in the most intelli-
gent development of its water, land, and mineral
resources; and because it gives regional insight into
basic reasons for Commission decisions.

The study also illustrates the major steps which
must be taken in efficient, integrated, socially just
water resources development. The study is not
considered complete, nor does it represent a final
plan for the development of the basin. But it de-
serves attention by every citizen as a description of
the problems in development which lie ahead.

The Central Valley lies almost wholly within
the borders of a single State. In this it differs from
the nine other basins discussed in volume 2, all of
which include larger segments of several States.
The valley is not dominated by a single river sys-
tem. Two major rivers transverse its length. The
small enclosed basin at its southern end is in every
way a part of it.
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It differs in many other respects, but in one most
importantly: the basic plan for development is a
State product. The “Central Valley Plan” was
the outgrowth of an intensive study by the Cali-
fornia State Engineer, begun in 1921. This plan,
submitted to the State legislature in 1931, pro-
vided for irrigation, municipal water supply, flood
control, salinity control, navigation, and produc-
tion of hydroelectric power. It has been char-
acterized as “the most carefully considered and
complete plan of its kind ever drawn up.”?

Only failure of the citizens of California to ap-
prove the large bond issue necessary to raise the
funds for its prosecution prevented its going for-
ward at that time as a State project. The State
continues its deep interest in every phase of the
program as it is being carried forward by Federal
agencies.

Another difference between the Central Valley
and all but two or three of the other basins studied
by the River Program Analysis Committee is the con-
siderable degree of integration among the various
uses in the conservation of water resources. Mul-
tiple-purpose planning is the key to a completely
integrated program.

Other differences grow out of disagreements over
the application of the 160-acre limitation on owner-
ship of irrigated land entitled to secure and use
water from publicly financed water projects; the
degree to which irrigation was developed initially
without Federal aid through local irrigation dis-
tricts; the extent to which private utilities used the
rivers to produce hydroelectric power; and the
rapid population growth in California and the
bearing this has upon the need for additional elec-
tric power and additional industrial and agricul-
tural employment to sustain the State’s economy.

! President’s Committee on Waterflow (H. Doc. No. 395,
73d Cong., 2d sess.)
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Chapter 1

Regional Character and Problems’

The Basin's Significance

The Central Valley is one of the world’s choice
agricultural regions. The large acreages of deep,
smooth alluvial soils, the mild climate, the long
hours of brilliant sunshine in summer, and the con-
trolled application of water have been used effec-
tively for the production of high value crops. Five
Central Valley counties are among the first 10
counties in the Nation in value of agricultural com-
modities produced. Besides supplying significant
portions of the food needs of California’s rapidly
growing urban centers, the Central Valley furnishes
nearly all of the national supply of some fruits, and
a significant share of the national rice production.
It also makes important additions to the total pro-
duction of cotton and several vegetable crops.

* The original draft of this study was prepared during
1950 by the Committee on River Program Analysis of the
Commission. The following persons served on the com-
mittee, participated in the planning or review of the
report, and contributed data to it:

George G. Adkins, Federal Power Commission.

Robert S. Anderson, Federal Power Commission.

James Bowman, Tennessee Valley Authority.

Nicholls Bowden, Tennessee Valley Authority,

Raymond H. Davis, Soil Conservation Service, Depart-
ment of Agriculture.

R. H. Dewante, Corps of Engineers, Department of the
Army.

S. H. Gale, Corps of Engineers, Department of the
Army.

Paul Haney, Public Health Service,

William E. Holy, Public Health Service.

Carl F. Izzard, Bureau of Public Roads, Department of
Commerce.

Maurice LeBosquet, Public Health Service.

Edward N. Munns, Forest Service, Department of
Agriculture.

Victor Roterus, Department of Commerce.

This astonishingly large agricultural production
has been achieved by the use of only a part of the
available irrigable soils. Limitations on irrigable
land use have resulted from an inadequate water
supply, and to a lesser extent, from marketing dif-
ficulties. However, water supplies for irrigation
are the critical element in further expansion of
agriculture in the Central Valley. '

This basin differs from the nine others studied by
the Commission in two important respects. First,
the entire basin is contained in one State. Second,
plans for its development were worked out by the
State over many years prior to 1930. The plans are
now the pattern for joint effort by the State and
Federal Governments.

During the past decade the growth of population
and industry in California has been phenomenal.

R. F. Stellar, Corps of Engineers, Department of the
Army.

E. F. Sullivan, Bureau of Reclamation, Department of
the Interior.

G. E. Tomlinson, Bureau of Reclamation, Department
of the Interior.

E. N. Torbert, Bureau of Reclamation, Department
of the Interior.

Frank L. Weaver, Federal Power Commission.

Wesley Calef, President’s Water Resources Policy Com-
mission, committee secretary.

Edward A. Ackerman, President’s Water Resources
Policy Commission, committee chairman.

The study is based on information available between
May and October 1950, including special basin reports
submitted to the Commission by interested Federal agen-
cies. Following preparation of the original draft by the
Committee on River Program Analysis the study was edited
and revised for the Commission by Edward A. Ackerman,
John C. Beebe, John M. Carmody, Patricia Howse, Ed-
ward N. Munns, Evelyn S. Myers, and Jane G. Perry.
Individual committee members or the agencies where they
are employed therefore may or may not be in agreement
with particular conclusions here presented.



More people have moved to California since 1940
than live in the entire State of Jowa. The growth
of industry and population has greatly advanced
the local demands for electric power and food. To
keep pace with these demands, attention will have
to be directed toward the Central Valley. Here
is the only part of the State where appreciable
amounts of agricultural land can be improved.
Here are the principal sources of developed and
undeveloped water power. Because of these po-
tentialities and its present productivity, and because
of its location, the Central Valley is the heart of
California.

Physical Characteristics

The Central Valley Basin includes a third of the
total land area of California. Throughout its en-
tire length it is bordered by mountains. The crest
of the massive Sierra Nevada is its easternmost
boundary, and the long ridge of the Coast Range
limits it on the west. These two ranges meet at
Mount Shasta at the northern end of the basin,
and in the Tehachapi Range, which encloses the
southern end of the valley. The only opening in
this mountain rim is the narrow outlet in the mid-
dle of the basin to the west made of Suisun Bay, San
Francisco Bay, and the Golden Gate. Through
this outlet the merged waters of the two principal
streams, the Sacramento and San Joaquin Rivers,
flow to the sea.

The valley is thus divided topographically into two
major parts—the flat, broad, alluvium-covered val-
ley floor approximately 400 miles long and averag-
ing 45 miles in width, and the surrounding rugged
foothill and mountain areas. On the valley floor,
covering an area of approximately 18,000 square
miles, nearly all the people in the basin live. The
surrounding foothill and mountain areas are very
sparsely inhabited.

The Central Valley has a humid-winter, dry-
summer type of climate. The principal rains fall
only in the winter half of the year; the summers
have prolonged spells of complete drought. Pre-
cipitation is not evenly distributed over the valley.
It increases from south to north and also from low-
lands to highlands. The northern part of the val-
ley floor has from 20 to 25 inches a year, and the
high Sicrras to the east may have from 80 to over
100 inches. On the valley floor in the extreme
south annual average precipitation is from 5 to 10
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inches and reaches from 25 to 50 inches in the adja-
cent Sierra Nevada Mountains. (See figure 1).

The Coast Ranges to the west have considerably
heavier precipitation than the valley floor and about
half that received by the Sierra Nevada. The dura-
tion of the rainy season is longer in the north than
in the south. The extended dry season makes pro-
duction of nearly all agricultural crops impossible
in the southern section without irrigation. The
longer rainy season and greater precipitation per-
mit some early maturing grains to be grown without
water and others without the use of as much water
in the northern section of the valley.

Another condition of major importance is the
wide annual variation in quantity of precipitation.
Figures of average yearly precipitation mean little
because some years are far above the average and
nearly as many years are much below the average.
Consequently, there are wide variations in annual
runoff. Moreover, there is a cyclical aspect to
these variations. Several above-average years may
occur in succession, followed in turn by several be-
low-average years, thus accentuating the effects of
variable runoff.

Nearly all precipitation occurs in the cooler part
of the year, with snow falling characteristically in
the mountains and rain in the lowlands. High
mountain snowfall is the major source of the water
supply, as the snows above 5,000 feet do not usually
melt much before May. However, the valley floor,
the foothills, and the lower elevations of the Coast
Range may experience prolonged rainstorms in
winter. In such periods, much of this moisture
concentrates rapidly in the streams, thus giving rise
to a flood hazard.

The valley floor is made up of two distinct major
physical sections. The Sacramento Valley, the
northern section, is drained by the Sacramento
River, originating in the mountain knot at the
northern end of the valley, and its tributaries from
both the east and west, but primarily from the Sierra
and Coast Ranges. It receives a moderate amount
of rainfall, its streams carry a moderately large
volume of water, and its lowlands are subject to
periodic flooding.

The San Joaquin Valley, the southern and larger
part of the Central Valley, is characterized by a
warmer climate, less precipitation, and a greater
deficiency of water. The principal stream, the San
Joaquin River, is fed by relatively few tributaries,
virtually all of which flow from the Sierras. The
south end of the valley is a closed basin draining
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into Tulare Lake and constituting a third section.
Only rarely in recent times has this lake overflowed
into the San Joaquin.

The waters of the San Joaquin and Sacramento
Rivers meet about midway in the valley, and have
formed a low-lying, marshy delta which is crossed
by a maze of winding; sluggish channels and sloughs.
This is really a fourth section of the valley, distinct
in its problems but small in area by comparison to
either the Sacramento or San Joaquin Valley.

Population

Three million people live in the Central Valley.
In addition, the 2.5 million people of the San Fran-
cisco Bay metropolitan area are dependent on the
water resources of the valley for almost all of their
water needs,

The principal cities in the valley are Sacramento,
Marysville-Yuba City, Stockton, Fresno, Bakers-
field, Merced, Modesto, Redding, and Chico. Sac-
ramento, with a population of 134,000, is the largest,
and the only city of considerable size in the valley.
Over 60 percent of the people live in the San
Joaquin section.

The population in the valley is predominantly
rural and its distribution follows closely the distribu-
tion of irrigated land. The livelihood of most of
the people of the valley is closely tied to agriculture,
either directly as farmers or indirectly by furnishing
goods and services to the farm population or by
processing agricultural products. This close de-
pendence on agriculture by most of the population
suggests that expansion of irrigation agriculture will
have an important effect on the Central Valley
economy.



Nature of the Economy

Employment is strongly concentrated in primary
industries. Agriculture, forestry, and mining to-
gether are relatively more important in the Central
Valley than for the Nation. Manufacturing occu-
pics a minor position, and perhaps as much as half
of the employment in manufacturing is in the food
and raw materials processing industries. However,
the Central Valley is a part of the larger California
area, where San Francisco and Los Angeles are
major manufacturing centers. The Central Valley,
therefore, is part of a larger region which has a more
balanced economy than the valley itself.

Present Forms of Resource Use

Agriculture

The economy of the Central Valley is dominated
by agriculture—overwhelmingly irrigation agricul-
ture. The total irrigated area in 1949 was over 4
million acres, more than four times the acreage
irrigated in 1900. This acreage is divided among
59,000 farms. The per acre productivity, in dol-
lars, of Central Valley farms is twice as great as
the average of other agricultural lands in the United
States. Intensity of cultivation and specialization
plus the favorable climatic conditions are largely
responsible for this high productivity.

Livestock is a major source of income on 30 per-
cent of the farms of the Central Valley, and the
valley accounts for about half of the total livestock
production of the State. Despite a high production
of livestock and livestock products, the rapid growth
of California’s population has resulted in increased
imports of these products. The most rapidly grow-
ing regional deficit is in dairy products.

The major field crops are dry beans, barley, al-
falfa, and sugar beets. Cotton, rice, potatoes, table
and wine grapes, and figs, nuts, and hops are im-
portant specialty crops. Also of prime importance
are truck and fruit farming. The foothill agricul-
tural areas are primarily devoted to raising de-
ciduous fruit and to grazing.

Manufacturing

Half of all manufacturing plants in the valley
process foods. The primary industry is the canning
of fruits and vegetables. Other major industries
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are the manufacture of cans for the food processing
industries, and of agricultural machinery.

The importance of the Central Valley to manu-
facturing cannot be measured only in terms of its
industries. It furnishes water, power, and raw
materials for many of the industrial enterprises of
the important San Francisco Bay region.

Mining

The value of mineral production in the Central
Valley is very high and the variety of minerals pro-
duced is great; but the greater part of the total

value is contributed by petroleum, natural gas, and
gold.

Lumbering

The pine region of the Sierra Nevada foothills
produces 45 percent of California’s large timber
production. Most sawmills are located in the foot-
hill area, but plants manufacturing finished prod-
ucts, like furniture, generally are near the major
markets, as in the bay area. Many of the sawmills
are in the Sacramento Valley section. Because the
high quality of local timber makes it valuable for
export, the valley imports a large proportion of its
lumber needs. California ranks second among the
States in volume of lumber cut, about three-fourths,
or 2 billion feet, coming from the Central Valley.

Recreation

The Sierra Nevada includes the outstanding
mountain and lake recreation area of the Nation.
From Mount Shasta at the northern end of the
Sacramento Valley through the sub-basins of the
Pit, Feather, Yuba, Bear, American, Mokelumne,
and others, to the Kern River, draining the southern
slope of Mount Whitney on the south, the entire
area provides accessible recreation for the people
of the valley and the coastal cities, summer and
winter.

The basin includes four of the Nation’s finest
national parks: Lassen, Yosemite, King’s Canyon,
and Sequoia. The increase in California’s popu-
lation and the postwar tourist expansion have
greatly increased use of these parks. Parts of the
Yosemite Valley are faced with a serious problem
of overcrowding.

National forests include the Shasta, Lassen,
Plumas, Tahoe, Eldorado, Stanislaus, Sierra, and
Sequoia, In addition, there are several State parks,



and numerous municipal and local parks and camps.
Many lakes and reservoirs provide intensively used
recreation facilities.

Private developments consist mainly of tourist
overnight facilities, and numerous lodges and camps,
chiefly in the Sierra Nevada. Local recreational
facilities during the summer season and again dur-
ing winter sports season are seriously deficient
throughout the mountain area, and water resources
development may contribute to meeting this ex-
panding need.

Major Basin Problems and
Potentialities

The major problems of the Central Valley are
all closely related to water development. They are
(1) providing economic opportunities for a rapidly
growing population; (2) providing additional water
for the many needs of the valley; and (3) problems
of reconciling new water development programs
with existing rights and claims of private interests,
local governments, and national interests.

Providing Economic Opportunities for a Rapidly
Growing Population

In many ways, and particularly from a social
point of view, the basic problem of the Central
Valley is provision for adequate economic oppor-
tunity. During the last 20 years there has been
a great influx of people into the Central Valley.
Because of the high level of economic activity these
people have been able thus far to maintain them-
selves; but from a long-term point of view their
economic situation is reported to be unstable. Many
have been unable to establish themselves in per-
manent positions. The desirability of fitting these
people into stable communities as permanent mem-
bers of a functioning economy is obvious.

Unfortunately, most resources of the valley ca-
pable of easy exploitation with small amounts of
capital and limited organization were exploited long
ago. Agriculture not only has been expanded to
the limits of the locally available water supply, in
many places, it has been expanded beyond those

limits and irrigation has been mining the reserves
of underground water. Nevertheless, there are
opportunities to provide more permanent employ-
ment. These lie in such directions as the expan-
sion of agriculture, the associated food processing
industries, and recreational servicing. Much of
this expansion in turn is dependent on additional
water supplies.

The Problem of Providing Additional Water

Agriculture cannot expand without additional
control and distribution of water. Despite the
present dearth of usable water, much of the water
of the basin is lost in floods which sometimes are
destructive. Irrigation as a single-purpose enter-
prise has very nearly reached the limit of feasible
economic expansion. Expansion is possible, how-
ever, if water is conserved and used for multiple
purposes simultaneously with land management
practices. One highly favorable aspect of the sit-
uation is the very high productivity of agriculture,
which enables it to incur high costs for irrigation
water and still remain solvent.

Integrating New Water Development Programs
with Existing Rights and Claims of Private Inter-
ests, State and Local Governments, and National
Interests

The intensity of water development by private
means and the fierce competition for water have
resulted in a myriad of water rights, disputes over
water rights, and in complicated arrangements for
apportioning water, Moreover, local and State
law on the subject is voluminous and complex.
Consequently, new water developments must be
integrated with the existing framework with ex-
treme care or they will come into conflict with
previously established rights. In many cases, irrec-
oncilable conflicts in beneficial uses of water are
encountered.

The technical, economic, and policy problems
of integrating future with present developments in
the Central Valley present a challenge not only
to local, State, and Federal agencies, but to the
citizens of California, to apply their skill and knowl-
edge in an atmosphere of good will and unselfish
cooperation toward solution in the public interest.






Chapter 2

Streams and Ground Water

The Central Valley is divided into three drainage
basins. The two principal streams, the Sacra-
mento and San Joaquin, drain the northern and
southern sections of the valley respectively. The
extreme southern end of the San Joaquin Valley,
however, is a closed basin, separated from the San
Joaquin system by a low ridge of erosional debris
spread out on the valley floor by the Kings River.

The Sacramento River rises in the vicinity of
Mount Shasta and flows south and southwest to the
delta. Initsupper course it is a swift-flowing moun-
tain stream enclosed by steep walls. North of Red
Bluff it breaks out onto the valley floor and proceeds
southward in a winding, sluggish course. Numer-
ous small tributaries, mostly from the Sierras, enter
it. The Pit and McCloud Rivers, which drain the
extreme northeast section of the valley, join the
main stem at Shasta Reservoir. The Feather,
Yuba, Bear, and American Rivers join the Sacra-
mento on the valley floor. Three smaller tribu-
taries drain the east flank of the Coast Range. In
addition, numerous small tributaries contribute a
large flow to the Sacramento.

The San Joaquin River rises in the Sierras north-
east of Fresno, flows westward to the center of the
valley floor and there turns northwest to the delta.
The Fresno, Chowchilla, Merced, Tuolumne, and
Stanislaus Rivers are the principal tributaries drain-
ing the Sierra Nevada. Three other streams from
the Sierras, the Calaveras, Mokelumne, and
Cosumnes Rivers, enter the delta directly.

At the southern end of the San Joaquin Valley
is a closed basin. Tulare Lake lies in the bottom
of the depression. In wet years, prior to extensive
irrigation, this lake discharged into the San Joaquin.
A large part of this lake bed is now leveed to form
a reservoir. During flood years water flows into
the lake, then is pumped out during the following
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irrigation season or seasons. In most years, Tulare
Lake is dry and the lake bed farmed. The lake is
fed by floods from the Kings, Kaweah, Tule, and
Kern Rivers.

The annual regimen of the streams is highly ir-
regular and is related to precipitation. During
winter, if prolonged rains occur over the basin,
runoff can be heavy and rapid. Under such cir-
cumstances flooding of the lowlands is apt to be
widespread. Also, snow accumulates to great
depths in the high Sierra Nevada. In the spring
the probability of flood-producing rains decreases
before the high snow fields begin to melt. This is
of major importance. It permits storage reservoirs
which are used for flood control during the winter
rainy season to be used also for storage of water
released by snow melt during the summer. As
stream flow from the mountain snow pack can be
forecast with considerable accuracy, reservoir stor-
age permits a maximum of water control and con-
servation.

The great flows from the high snowfields are
confined largely to the months of May, June, and
July. By the end of July many mountain streams
have low discharge rates, which continue until the
beginning of the winter rains. Consequently, stor-
age either in reservoirs or underground is absolutely
essential if large-scale irrigation is to be practiced
in the late summer and early fall.

The streams of the low-lying delta lands are
subject to tidal action 40 miles upstream from the
mouth. Under natural conditions the flow of the
rivers was sufficient to keep salt concentrations at
the delta margins to a minimum. As larger and
larger quantities of water have been diverted from
the natural flow for other purposes, the salinity
concentrations have increased in the delta area.



Some lands have already been ruined for agricul-
tural production, and other much larger areas are
threatened. Consequently, certain minimum flows
must be maintained in the rivers to arrest this salt
intrusion.

One of the principal reasons for further water
resources development is the difference in amount
of runoff between the Sacramento and San Joaquin
Valleys. The heavier rainfall and smaller area of
irrigable land gives the Sacramento Valley a surplus
of water while the San Joaquin, especially the
southern end, has a large water deficiency. Con-

sequently, one of the main objectives in present
plans is the transfer of Sacramento Valley water
to deficient areas in the San Joaquin.

About 40 percent of the area now irrigated in
the Central Valley is supplied by pumping from
the underlying gravels. These underground basins
have been only partially investigated, but are known
to be immense. The draft annually exceeds the
refill in many portions. This source of water, on
hand at all times for domestic, industrial, and
irrigation uses, is perhaps one of the most important
characteristics of the basin.



Chapter 3

Water Development Needs,

Opportunities, and Programs

The Central Valley is already highly developed.
A large privately developed, profitable, specialized
irrigation agriculture utilizes the water resources of
the valley on an extensive scale. A well developed
network of roads and railroads serves the densely
populated irrigated sections of the valley floor. A
large volume of hydroelectric power is generated
from the steep mountain streams. The mineral and
forest products industries are highly developed. The
unirrigated areas are used for dry farming and
grazing.

More than 100 years ago Sutter discovered gold
in the American River, only a few miles above Sac-
ramento. That discovery made water the important
resource of California for years, for the extensive
placer operations that followed would not have been
possible without large quantities to operate the
“giants” and sluices, and to move the debris down
the stream channels, and out of the miners’ path.
Thus many dams were built, at that time engineer-
ing wonders. Many are still useful and substantial
structures. Ditches, pipelines, and flumes were con-
structed, many of which, upon cessation of mining,
were taken over for irrigation and power use, and
are still a part of the basin’s economy.

The Central Valley is not in any sense a frontier
area. Although there are many opportunities for
using the water resources more fully, these must be
fitted into and supplement a complex and inten-
sively developed economy. The needs are great be-
cause of the rapidly growing population and the
difficult social and economic problems associated
with the population growth. But the present exten-
sive development does not preclude further expan-
sion. Opportunities are large because of high
agricultural productivity and steadily growing de-
mands for electric power. Nevertheless, water re-

sources are limited. The program for expansion
must be sound, so that maximum results may be ob-
tained from the control and use of the remaining
water resources.

Irrigation

The Present Situation

Irrigation agriculture has been the backbone of
the Central Valley economy since 1880. Expansion
has proceeded about as far as available physical
structures will permit. Present agriculture depends
primarily on works constructed by private enter-
prise and local public agencies. These largely are
local developments, independent of each other.
The area now irrigated exceeds 4 million acres.
Lands are irrigated by diverting the natural flow
of streams, by using storage from reservoirs, and by
pumping underground water.

The greatest overexpansion of agriculture has
occurred in those areas primarily dependent on
ground water. During the last two decades ground
water levels have been lowered from 25 to 200 feet
over wide areas. Without replenishment of these
underground reservoirs large irrigated areas eventu-
ally will have to go out of production. On the east
side of the southern San Joaquin Valley alone, the
total ground water deficit is estimated to be 1.9
million acre-feet annually.

The only completed Federal irrigation project in
the Central Valley is the Orland Project on Stony
Creek, which supplies water for about 20,000 acres
in the Sacramento Valley. However, parts of the
Central Valley Project, notably Shasta Reservoir,

* The Central Valley Project of the Bureau of Recla-
mation does not include all of the Central Valley area.



Friant Reservoir, and related canals, have been
completed. They are delivering water to parts of
the Sacramento and San Joaquin Valleys for surface
application and also for replenishment of under-
ground water supplies.

The California State Water Plan

The 1921 California State Legislature directed
that a plan be prepared for the maximum conserva-
tion, control, storage, distribution, and application
of all the waters of the State. It also declared “that
the people of California have a paramount interest
in the use of all the waters of the State and that the
State of California shall determine what waters of
the State, surface and underground, can be diverted
to public use, or controlled for public protection.”

The report covering the Central Valley, prepared
by the Division of Water Resources, was submitted
to the 1931 legislature.? It outlined a comprehen-
sive plan for the Central Valley to meet its require-
ments, to reserve water for the irrigable lands of
the mountainous areas, to provide for exportation
of domestic and industrial water to San Francisco
and the East Bay Municipal Utility District, and
for flood control, navigation, salinity control, and
hydroelcctric power.  When adopted by the State
legislature it was referred to as the State Water
Plan?® Funds were authorized to initiate the plan.
The State bond issue failed. In 1935, by Executive
Order, Federal funds were made available to under-
take work on key elements of the plan. When
Congress authorized the activity, control passed
from the State to the Federal Government, although
the State has several times since considered taking
over the work.

The term Central Valley Project originated at the
time Shasta and Friant Dams and other works,
parts of the State Water Plan, were authorized for
construction by the Bureau of Reclamation.* Sub-
sequently other projects, when authorized for con-
struction by the Bureau, have been added as ele-
ments in the Central Valley Project. Thus, many
projects authorized to other agencies for construc-
tion and proposed by the Bureau of Reclamation

* Bulletin No. 25, California State Division of Water
Resources, Sacramento, 1930, 204 pp.

#1941 State legislature, ch. 1185 Cal. Stat. 1941.

* First authorized by Executive Order on September 30,
1935, under the Emergency Relief Appropriation Act of
April 8, 1935, 49 Stat. 115, 117. Reauthorized by the
Congress as a Federal reclamation project by Act of Au-
gust 26, 1937 (50 Stat. 844, 850) and by Act of October
17, 1940 (54 Stat. 1198, 1199).
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for construction are not now units of the Central
Valley Project, although they may be parts of the
ultimate development of the basin’s resources.

The Central Valley Project

The plan for irrigation as proposed by the Bureau
of Reclamation has taken up the development of
the Central Valley after a long history of improve-
ment of the area by private and municipal groups
under State supervision. These previously con-
structed projects included the lowest cost and most
easily constructed possibilities and irrigated the
arcas most accessible to the available water supply.
Some 4 million acres now are irrigated, about 40
percent by pumping from underground supplies.

The following figures present two estimates of the
net irrigable acreage in the basin and indicate im-
portant possibilities of extending irrigation, to make
maximum use of the water supply. This supply
averaged 18.4 million acre-feet annually during the
very dry period 1927-34, and 33 million acre-feet
during the 40-year period between 1903-43.

Estimates of
total net irrigable area®

Bureau of Reclamation State
Geographical division: Acres Acres
Sacramento Valley ___ 1, 600, 000 2, 386, 000
Delta 360, 000 392,000
American River and
Lower San Joaquin- 1, 360, 000 1, 930, 000
Upper San Joaquin,
east side—__—_—____ 2,200, 000 2, 856, 000
Upper San Joaquin,
west side__________ 710, 000 792,000
Foothills and mountain
valleys—— . ____ 350, 000 1,614,000
Total ________ 6, 580, 000 9, 970, 000

! Includes land now irrigated.

Much of the land now irrigated is in need of sup-
plemental water above that required at the time
the projects were built, because of present intensi-
fied use as compared with the early agriculture.

Projects Under Construction and Authorized

The water distribution systems of the initial
Bureau of Reclamation Central Valley Project
structures will go into full operation in 1951. With-
in a decade they are expected to deliver water to
550,000 acres of new land and supplemental water
to another 500,000 acres.

Three projects under construction by the Corps



of Engineers include irrigation as one of their
primary purposes. The Pine Flat Dam on Kings
River and Isabella Dam on Kern River, insofar as
they affect irrigation, will be used primarily to
regulate present runoff and provide supplemental
water. The irrigable areas below these reservoirs
are served by existing canals; no new canal con-
struction will be required. Folsom Reservoir on the
American River upon completion by the Corps of
Engineers is to be turned over to the Bureau of
Reclamation for operation. Irrigation water from
Folsom Reservoir will be used initially to serve lands
in conjunction with the initial features of the Cen-
tral Valley Project. Studies of the Bureau of
Reclamation indicate, however, that the water
could best serve lands north and south of the Ameri-
can River, and such eventual use is contemplated.

Another small unit of the American River divi-
sion of the Central Valley Project is the authorized
Sly Park unit, on the American-Cosumnes River
divide in the Sicrra foothills. It is designed to
furnish supplemental water to 3,850 acres and new
water to 3,500 acres.

The authorized Bureau of Reclamation Solano
Project on the western margin of the Sacramento
Valley is designed to irrigate 78,000 acres of new
land, provide supplemental water for 5,000 acres,
and meet several municipal water-supply needs.

The Corps of Engineers has six authorized mul-
tiple-purpose projects which include irrigation as
one of their objectives. They will serve land near
the reservoirs. These are: (1) Terminus Project
on Kaweah River; (2) Success Project on Tule
River; (3) Black Butte Reservoir on Stony Creek;
(4) New Hogan Project on Calaveras River; (5)
New Melones Reservoir on the Stanislaus River;
and (6) Iron Canyon Reservoir® on the Sacra-
mento River. Construction of the Iron Canyon
Reservoir has been deferred.

Situation at End of
Present Authorized Program

The present authorized Central Valley Project
is designed to irrigate an additional 770,000 acres
of new land and to make supplemental water avail-
able for 1.6 million acres of land presently irrigated.
Water will be available for an additional 150,000
acres of new land under the Folsom and Black Butte
Reservoirs, for which the necessary canals have not
been authorized.

® Either alternate for or complementary to the Table
Mountain Project.

About half a million acres of irrigated land will
still be in need of supplemental water, and strong
local demands will still exist for water to irrigate
at least several hundred thousand acres of new land.
If the estimates of available water contained in
the State Water Plan prove accurate, possibilities
exist for irrigating many additional thousands of
acres,

Programs for Further Development

Full control and use of the water resources of the
Central Valley will demand a storage capacity of
more than 20 million acre-feet of water. The
Bureau of Reclamation has tentative plans for the
construction of 38 major reservoirs and many
smaller reservoirs to meet the combined demands
of irrigation, municipal and industrial water sup-
ply, electric power, flood control, navigation, and
other water uses.® Extensive use of ground water
storage also will be necessary. Completion of this
program may take many decades.

Hydroelectric Power

Capacity, Yearly Production, Area Served

The Central Valley has three Federal hydroelec-
tric plants having a total installed capacity of
456,000 kilowatts. Most of this power is developed
by the Bureau of Reclamation’s Shasta and Keswick
plants on the Sacramento River. Sixty-one exist-
ing utility hydroelectric plants of 2,500 kilowatts or
more installed capacity have a total installation of
1,700,200 kilowatts. The total installed hydro-
electric capacity in the basin is 2,156,200 kilowatts
(table 1). In addition to the plants included in
the table, there are 13 small utility plants of less
than 2,500 kilowatts capacity with a total installed
capacity of 18,540 kilowatts.

The total active storage capacity at existing
hydroelectric developments in the basin amounts
to about 6,684,000 acre-feet. The largest reser-
voirs are Shasta on the Sacramento River, Lake
Almanor on the Feather River, Exchequer on the
Merced River, Hetch Hetchy and Don Pedro on
the Tuolumne River, and Pardee on the Moke-
lumne River.

A major portion of the hydroelectric power
developed in the Central Valley Basin is marketed

®Many of these reservoirs also are included in plans
of the Corps of Engineers,
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TABLE 1.—Existing hydroelectric power developments

Operatin Average Active

No.t Plant name River 2 agF::ncy o§ Z::;:gf;j annuggl storage

company 2 generation capacity

Federal plants 7,000 kilo-

Kilowatts watt-hours Acre-feet
1{Shasta.................. Sacramento............ BR........ 379, 000 1, 624, 000 4, 000, 000
2| Keswick.ioovveivvrinnenofonnnn Lo o S BR........ 75, 000 315, 000 13, 000
3| Cascades......oouenen... Merced............... NPS....... 2, 000 11,000 {............

Totals—Federal
Plants.....ooui o 456,000 | 1,950,000 | 4,013,000
Non-Federal plants 3
41 PitNo.1............. .. Pit..ooeeii i PG&E..... 56, 000 288,100 |............
5| Hat Creek No. 1......... Hat Creek............. PG&E..... 10, 000 33,500 [......c.nnnn
6 | Hat Creck No. 2. ........0..... do.viviiiiiiiinan,. PG&E..... 10, 000 50,800 |............
7 {PitNo.3................ Pitooooviiii e PG&E..... 72, 900 382,400 |............
81 PitNo.5...oovvvvennniiionnn, do...viniiiniinnnn. PG&E..... 128, 000 826,000 |............
9l Kilarc.....coonvvvennnn. NF Cow Creek......... PG&E..... 3, 000 16,900 |............
10| Volta................... NF Battle Creek........ PG&E..... 6, 400 45,800 {............
11 | South................... SF Battle Creek........ PG&E..... 4, 000 35,600 [............
12 | Inskip. .. ..., do.....oavuinna., PG&E..... 6, 000 40,000 |,...........
13 | Coleman,............... Battle Creek........... PG&E..... 13, 800 57,500 |............
14 | DeSabla................ Big Butte Creek........ PG&E..... 413, 000 483,200 {,...........
15 | Centerville. ............. Butte Creek............ PG&E..... 6, 400 35,600 |......00000s
16 | Hamilton................ Hamilton Branch....... PG&E..... 4, 800 15, 000 24, 000
17 | Caribou................. NF Feather............ PG&E..... 4 60, 000 4 451, 000 574, 000
18 | Bucks Creek.............0..... do.eevianinnn..., PG&E..... 40, 000 188, 000 108, 000
19 | Rock Creek........... P PO [ [ T PG&E..... 113, 400 494,000 {............
20 [ Cresta. . ..o.ovevennneennatennn. doeeeiiininnin., PG&E..... 433,750 159,000 |............
21 | BigBend................]..... doseiiiiniinienn.. PG&E..... 52, 000 454,000 |............
22 | Bullards Bar............. NF Yuba.............. PG&E..... 6, 500 38, 900 10, 000
23 | Colgate. .........ovuenufennn, do..eviiiiininnn. PG&E..... 24, 000 80,000 {............
24 | Spaulding No. 3.......... SFYuba.............. PG&E..... 6, 300 29,100 108, 000
25 | Spaulding No. 1.........|..... do...coviiiiiina. PG&E 6, 400 42,100 143, 000
26 | Spaulding No. 2..........[..... do..ooovnniie, PG&E..... 3,750 20,000 |............
27 | Narrows. ..ooevvneennnn.. Yuba...........coo..l PG&E..... 9, 350 89, 000 45, 000
28 | Deer Creek.............. Deer Creek............ PG&E..... 5, 500 31,300 |....vnennn
29 {Drum................... Bear................... PG&E..... 44,000 282,500 |............
30 | DutchFlat..............|..... do.civviieen... PG&E..... 22, 000 147,000 {............
31 | Halsey....ocovvnnnnnn.. Dry Creek............. PG&E..... 10, 000 66,800 [............
32 I Wiseooonovvvneninnnann.. Auburn Ravine........, PG&E..... 10, 000 90,700 {,...........
33 | Eldorado................ SF American........... PG&E. .... 20, 000 97,700 38, 000
34 | American River..........[..... do...vveniiin.., PG&E..... 5,730 39,800 |............
351 Folsom................. American.............. PG&E..... 3, 000 21,600 {,...........
36 | Big Creek No. 8.......... San Joaquin........... SCE....... 54,000 284,000 |............
37 | BigCreek No. 1.......... Big Creek............. SCE....... 67, 000 492, 000 89, 000

38 | Big Creek No. 2..........[..... do...o.oieiiill, SCE....... 57, 750 423,000 {............
39 | Big Creek No. 2A........1..... do.....o.ooeiiiail, SCE....... 80, 000 300, 000 135, 000
40 | Big Creek No. 3.......... San Joaquin,.......... SCE....... 4 106, 500 4743,500 {............
41 | San Joaquin No. 3........ NF San Joaquin........ PG&E..... 4, 800 20,300 |............
42 | A.G. Wishon............|..... do..vvvniinnnnn... PG&E..... 12, 800 85,900 |............
43 | Kerckhoff............... San Joaquin........... PG&E..... 34,080 275,400 |...........
44 | Exchequer............... Merced ............. . MID....... 25,000 127, 800 274, 000
45 ) Merced Falls............. R [« T PG&E..... 3, 440 16,100 '............
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TABLE 1.—Existing hydroelectric power developments—Continued

No.! Plant name River 3 aOg}Z;lz;tlgg Installed ‘:;::agf ;::::éi
company ? capacity generation capacity
1,000 kilo-
Kilowatts watt-hours Acre-feet
46 | Early Intake............. Cherry Creek........... SFUC...... 3, 600 28, 000 26, 000
47 | Mocecasin......oeeuvennn. Moccasin Creek......... SFUC..... £ 70, 000 ¢ 508, 000 340, 000
48 | Don Pedro..........uus. Tuolumne.............. TID....... 26, 990 199, 800 262, 000
49 | LaGrange.............. eedoa i TID....... 3,730 25,200 |....cennnn.
50 | Spring Gap.............. MF Stanislaus........... PG&E..... 6, 000 48, 200 34, 000
51 | Stanislaus............... Stanislaus. . v.ooueen... PG&E..... ¢ 28, 900 233,500 ............
52 | Melones. .......ccoo.t. cdoai i PG&E..... 24,300 95, 300 102, 000
53 | Salt Springs. ............ NF Mokelumne. ........ PG&E..... 9, 350 42, 800 147, 000
54 | Tiger Creek..oovvvvvinnufennns do.vieiiininiennns, PG&E..... 51, 000 353,000 |...oivunnnnn
55| WestPoint. ...........oo]onnnn do.oveiiniiiiinnn. PG&E..... 13, 600 91,400 |............
56 | New Electra............. Mokelumne............. PG&E..... 89, 100 363,500 {...o0cunnnn.
57 | Pardee.....covvvnennnnnn FO T Lo EBMUD 15, 000 90, 000 212, 000
58 [ Tule......ovvvvvvunnnnn. MF Tule............... PG&E..... 4, 800 24,500 |..........n.
59 | Kaweah No. 3........... Kaweah,............... SCE....... 2, 800 17,400 [....oo0ne.n.
60 | Balch................... NF Kings.............0. PG&E..... 4 31, 000 $178,600 |............
61 | Kern River No.3........ Kern......ooovevvnnn. SCE....... 432, 000 $170,400 |............
62 | Borel.......covviiiiiiii]enenn e Lo SCE....... 8, 200 54,900 |............
63 | Kern River.......o.covvvvifennns Lo o SCE....... 416, 000 §152,500 [...o0vennnn
64 | Kern Canyon.........c..ofeuun. do.eviiiieineneenn. PG&E..... 48,480 $59,600 }......c00nen
Totals—Non-Federal |, ..... O 1,700,200 | 10,237,500 2, 671, 000
plants (61)
Totals—Federal and [.....v0vvvninnncacerscos]osenniannns. 2,156,200 | 12,187,500 6, 684, 000
non-Federal plants
(64)

NF—North Fork.
SF—South Fork.
MF—Middle Fork.

Numbers correspond to numbers on figure 2.
Abbreviations are as follows:

BR—Bureau of Reclamation.
NPS—National Park Service.
PG&E—Pacific Gas & Electric Co.
SCE—Southern California Edison Co.

in northern and central California and northwest
Nevada, with approximately one-sixth transmitted

to the Los Angeles area.

At the end of 1949, the

total installed capacity of the utility systems in the
principal market area” (except Los Angeles) was
about 2,338,000 kilowatts, of which about 1,517,000
kilowatts was hydroelectric capacity and the re-
mainder fuel-electric capacity.

" Power Supply Area 46, as designated by the Federal

Power Commission.

MID—Merced Irrigation District.
SFUC—S8an Francisco Utility Commission.
TID—Turlock Irrigation District.
EBMUD—East Bay Municipal Utility District.
¥ Plants of 2,500 kilowatts or more installed capacity.
¢ Present capacity and generation at plants which include
provisions for future capacity additions.
Source: Federal Power Commission and Bureau of
Reclamation.

Approximately a third of the capacity in the
principal market area is supplied by fuel and two-
thirds by hydro-generated power. The December
1949 peak demand on these systems was 2,244,000
kilowatts, indicating a narrow margin of reserve
capacity. More than 95 percent of the area load
is supplied through the system of the Pacific Gas &
Electric Co. It is estimated that the peak demand
on the systems in the area will exceed 3 million
kilowatts by 1953,
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Facilities in Construction and Authorized

One Federal hydroelectric plant was under con-
struction in 1950 in the basin. The Bureau of
Reclamation is authorized to construct power gen-
erating facilities, including the necessary afterbay
plant, at the Folsom Dam and Reservoir Project
now being built by the Corps of Engineers. Power
development was also authorized at the Table
Mountain (Iron Canyon®) Project to be con-
structed by the Corps of Engineers. This project
has been deferred indefinitely, largely because of
local opposition. These authorized Federal plants
would have a total installed capacity of 234,000
kilowatts. The projects would provide approxi-
mately 1,345,000 acre-feet of active storage
capacity.

The two non-Federal hydroelectric plants now
under construction in the basin will provide a total
capacity of 113,000 kilowatts. These plants are
Big Creek No. 4 (Southern California Edison Co.),
and Bear River Unit (Pacific Gas & Electric Co.).
A plant at Cherry Valley of 75,000 kilowatts is pro-
posed for construction in the near future by San
Francisco.

The hydroelectric plants under construction and
authorized, together with the Cherry Valley plant,
will provide a total new installed capacity of 422,000
kilowatts (table 2). The total usable storage
capacity that would be added by these projects
amounts to some 1,365,000 acre-feet.

Situation af the End of Present Program

When the projects under construction and au-
thorized are completed there will be six Federal
hydroelectric plants in the basin, with a total in-
stalled capacity of 690,000 kilowatts. Sixty-four
non-Federal electric utility plants of 2,500 kilowatts
or more installed capacity would provide a total
installation of 1,888,200 kilowatts. These projects
would provide 2,578,200 kilowatts generating ca-
pacity and 8 million acre-feet of storage capacity.

Potentialities

A summary of the results of studies made by var-
ious Federal and State agencies and others indicates
that some 133 potential hydroelectric sites would
remain undeveloped after completion of projects

® Alternate site to Table Mountain.
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under construction and authorized. These projects,
plus additions to and redevelopments of some ex-
isting non-Federal projects, would have an esti-
mated total installation of 3.2 million kilowatts.
The total usable power storage contemplated in
connection with these undeveloped water power
projects amounts to about 18.6 million acre-feet.
These include all known undeveloped projects and
all sites listed in tables 2 and 3.

Programs to Develop the Potential

The Corps of Engineers and the Bureau of Rec-
lamation have recommended projects which would
develop substantial amounts of power (table 2).
The proposed programs of these agencies would
provide a total new installed capacity of about
540,000 kilowatts. The total usable power storage
provided in connection with these projects is about
5 million acre-feet.

In addition to the proposed hydroelectric capacity
indicated above, the Bureau of Reclamation has
proposed the construction of steam-electric capacity
amounting ultimately to 750,000 kilowatts, to firm
hydroelectric generation. Less than half this total
is recommended for present development.

Navigation

The mild winters of the Central Valley make in-
land navigation possible throughout the year. Like
many other navigation channels the Central Valley
waterways also are used extensively for recreational
boat travel.

Present Navigation Conditions

The Stockton deep water channel is the prin-
cipal existing navigation improvement. Its 30-foot
channel in the San Joaquin River permits access to
Stockton by oceangoing vessels. A 10-foot chan-
nel provides barge navigation on the Sacramento
River as far as Sacramento. Additional channels
for navigation have been provided to serve some
communities in the basin.

An annual average of more than 6 million tons
of cargo and approximately 100,000 passengers
moved over these waterways during the period
1939-48. In 1948, petroleum and petroleum prod-
ucts made up 78 percent of the total river tonnage.



TABLE 2.—Hydroelectric power developments under construction, authorized, and recommended

Operating Ultimate Average Active
No.! Project River 2 agency or installed annual storage
company 2 capacity generation capacity
Non-Federal projects—under )
construction . 1,000 kilo-
Kilowatts watt-hours Acre~feet
65 | Big Creek No. 4.......... San Joaquin............ SCE....... 84, 000 490, 000 20, 000
67 | Bear River Unit.......... NF Mokelumne. ........ PG&E..... 29, 000 141,000 |.....o.alee..
7 113, 000 631, 000 20, 000
Non-Federal plant proposed for
immediate construction
66 | Cherry Valley............ Tuolumne, ............. SF......... 75, 000 680,000 |............
Federal projects—under con-
struction
35 | Folsom Dam and Afterbay.| American............... BR........ 162, 000 6 533, 400 3 890, 000
Federal projects—authorized
68 | Iron Canyon (Table Moun- | Sacramento............. CE........ 72, 000 440, 000 455, 000
tain).’
Federal projects—recommended
or proposed
69 | New Melones?........... Stanislaus............... BRE....... 48, 000 205, 000 1, 000, 000
70 | Tulloch.............ooo ) en, do.voviiniiiinninn, BR........ 20, 000 75,000 |..iiiinnnnn,
71 | Wishon................. NF Kings.....oooivvnnn. BR........ 4 4,000 421, 200 120, 000
72 {Haas...........oooooueifennn. do..oovvviiinnnnn, BR........ 4 45,000 4240,800 [............
60 | Balch (enlargement)......|..... do.iiiiien BR........ 421,000 1161,700 {..ovvunnnn..
73 | Pine Flat®.............. Kings..........cooveet (6 TR 445, 000 4124, 600 2900, 000
21 | BigBend7.............. NF Feather........... e B 134, 000 910, 000 906, 000
74 | Bidwell Bar7............] vee do.......oiiiiann (6D TE 152, 000 406, 000 1, 060, 000
75 | Elbow Afterbay.......... Feather..........cov.vu. (6 I 20, 000 115,000 |............
22 | BullardsBar.......cv00uss Yuba........covvvveenn &)ovennn. 41, 500 210, 000 591, 000
76 | Nashville............... Cosumnes. .. .......uuu. (&........ 9, 000 61, 000 530, 000
Y 7 T e e 539, 500 2, 530, 300 5,107, 000

I Numbers correspond to numbers on figure 2.-

2 Abbreviations are as follows:
NF—North Fork.
MF—Middle Fork.
SCE—Southern California Edison Co.
SF—City of San Francisco.
PG&E—Pacific Gas & Electric Co.
CE—Corps of Engineers.
BR—Bureau of Reclamation.

3 Dam and reservoir now under construction by the Corps

of Engineers.
4 Initial capacity and generation.

b Alternate site to Table Mountain.

¢ Addition to or redevelopment of existing plant.

924662—51——3

"The Oroville Project, now being investigated, would
replace the proposed Big Bend and Bidwell Bar Projects.

8 Recommended by the Chief of Engineers to the Secre-
tary of the Army, but not recommended to Congress for

authorization.

These projects are the responsibility of the

Bureau of Reclamation under the President’s “Folsom For-

mula,”

i. e., multiple-purpose dams in the Central Valle
ple-purp Y

are the responsibility of the Bureau of Reclamation, and

dams and other works exclusively for fload control are the

responsibility of the Corps of Engineers.

9 The New Melones and Pine Flat power developments
were recommended by the Secretary of the Interior for

authorization.
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TABLE 3.—Tentative list of hydroelectric power possibilities other than at projects under construction, author-

ized, and recommended !

Ultimate Average Active

No.? Project River? installed annual storage

capacity generation capacity

1,000 kilowatt-~

Kilowatts hours Acre-feet
77 | Castle Crag.....covvvevvnnnn Sacramento. ........c.vvn.n. 12, 000 91, 000 25, 000
T8 I PIt 2. v iiie e Pit. oot 14, 000 95,000 |.o.viiiiiianns
79 | Sugar Loaf................. Hat Creek.............uu0 5, 000 42,000 |....oiiiiiin,
80 | Pit4...ooviiiiiinnnnnnnan, Pit,.oieeiiiiiiii 80, 000 433,000 [....viieiniann
81 | Pit6.eveinen i iiiinne]onnnn dowen i 36, 000 200,000 |..ovvveeinnnns
B2 1 Pit7....vvvviiiiiiniinifonnn, 4 T 52,000 284,000 [....ivviinnnns
83 | Big Springs.......couviiinnn McCloud.................. 39, 000 222,000 {......ooinnnn
84 | Rinkle,.....covvvvnnnnnnnnfennn, dovivnienniiiinnaaas 22,000 86, 000 150, 000
85 | LadyBug.......coovvviuniifinnn 5 o 63, 000 294, 000 20, 000
86 | Spring Creek............... Spring Creek............... 127, 000 589,000 |........oiuunn
87 | Towerhouse................ Clear Creek............vun. 46, 000 319,000 [......cuvennn..
88 | Table Mountain............. Sacramento................ 150, 000 786, 000 4, 540, 000
89 | Antelope Creek 1............ Antelope Creek............. 6, 500 45, 600 7, 800
90 | Antelope Creek 2. ...........0..... do..veiiiiiiiiii 4, 000 22,400 |.. .0,
91 | Antelope Creek 3............|..... do.iiinniiiiiiiiie, 5,700 32,200 |...oieeniean,
92 | Deer Creek 1............... Deer Creek................. 18, 000 109, 000 38, 300
93 | Deer Creek 2. ... .vveivnni]innnn [ (o J 13, 000 77,500 |..viniennn.
94 | Deer Creek 3............oofounnn do.evinniiiiiin s 15, 000 92,600 |....vvunnininn
95 | Deer Creek 4. .............oenn do.viii i 18, 000 107,200 |.ovveennann...
96 | Butte Meadows............. Butte Creek................ 16, 000 96, 000 30, 000
14 | DeSabla 2. ........c.... ..o doveinni it 4 24,000 4132,900 f..ovniiiiiinn..
97 | DeSabla1............. U do.iuiiiiiiiiii 8, 000 44, 800 12, 000
15 | Centerville. . ... veneea ol do.iiviiiiiiiiii 415, 600 4 94,000 9, 000
98 | Butte Valley................]oev.. do.viieiniiiiai. 40, 000 133,000 |......coonnen.
17 | Caribou.................... NF Feather................. 4 66, 000 453,000 {..0iniennnnnnn
99 | Yellow Creek............... Yellow Creek............... 25, 000 164, 000 100, 000
100 | Greenville.................. Indian Creek............... 40, 000 150, 000 753, 000
101 | Belden....ooovennnninn... NF Feather..x......coo..... 90, 000 338,000 |..........vnn.
20 | Cresta. v oo veneenennnnnnneaidenan, do.eeninii 4 34,000 4159,000 §......ccnnnn..
102 | Pulga...ovviivviinnnenn]onnes do.ieien it 81, 000 401,000 {....co0vunnnnn
103 f Poe..oovvvveeneinnaneennna]ennns do..iviiiiiiinia 37, 000 187,000 f.ovvvevnnnnn..
104 | French Creek...............|..... do...iiiiin i 20, 000 90,000 joouvinennnnnn.
105 | Inskip. . ovvvvneniinnn.n. W Br Feather............... 5, 000 29, 800 5, 300
106 | Plant No. 1................. MF Feather................ 19, 800 117, 000 116, 000
107 | Plant No. 2........ovvviniennns do.iviinniiiiiii 26, 000 157,000 |......ocnnnnn
108 { Plant No. 3. .......c.ovvuve]onnn. do..iviiniiiiii 65, 000 415,000 |..oiiieiiinnnn
109 { Plant No. 2A...............0..... do.eviiiiiiiiin e 24, 300 164,000 {.....oovnnnn..
110 { Plant No. 4. . o.ooivvvvnnnne]enenn do.venii i 42, 000 290, 000 7, 800
111 { Plant No. 5., e, doieviiiiiiiiiiit 14, 400 104,000 {..............
112 | Plant No. 1A................ SF Feather.........c.ccuun. 10, 500 38, 000 70, 000
113 | Sardine Unit................ NF Yuba................... 13, 000 102, 000 27, 000
114 [ Sjerra City. ... .ovineeenneonnen dovuriieiniiii e 2,100 7,200 53,000
115 | Downieville.. ...............{..... doriii e 32, 800 135,000 |...vevennnnnn.
116 | Ramshorn. . .......oovvevvni]ennnn do.uiviiniiii 14, 800 82, 400 16, 000
117 | Mill Creek.............olouns, do.iiviiii i 39, 000 218, 000 72, 000
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TABLE 3.—Tentative list of hydroelectric power possibilities other than at projects under construction, authot«
ized, and recommended '—Continued

Ultimate Average Active

No.? Project River? installed annual storage

capacity generation capacity

7,000 kilowatt-

Kilowatts hours Acre-feet
23 | Colgate . .ovvvveneniennennn, NE Yuba.......ocviiinieen. 426,000 4148,000 |..vivnnnniinns
118 | Spaulding Rim.............. SFYuba........ovvvnvvnnn, 5, 200 30,000 |ooeiiiiinianss
119 | Scotts Flat., ................. Deer Creek................. 4, 000 26,000 |..civvnininnen
27 | Narrows. . .ovveveeeenvnenen. Yuba....ooiiiieiiiiinan.. 460, 600 4278, 000 382, 000
120 | Chicago Park............... Bear...........ciiiiian.. 22,000 152,000 {oovieninnnnnns
121 | Garden Bar...............ofovns < Lo 4, 000 20, 000 138, 000
122 | Tadpole 1......ccovnivvnnnn,. NF American. .............. 4, 500 17,600 fovuvieeennnnn.
123 | Pioneer 2. .......covvivi )i < Lo 15, 000 58,900 f.....coviuiinnn
124 | Colfax 3. .. covvevinnnnnnadinne, 4 Lo J P 25, 000 99,000 fovuveniinnnnn
125 | Indian Creek............coofvenn. do.. v 10, 000 40, 300 10, 500
126 | French Meadow............. MF American .............. 3, 000 19, 500 210, 000
127 | Ralston........covvvevvvnfunnnn doveenn i 56, 000 318,000 [oovevnnnnnnnnn
128 | Upper Hell Hole............. Rubicon..........oovevennn. 16, 000 63, 000 80, 000
129 | Lower Hell Hole.............|..... 4 o T 1, 200 5,200 115, 000
130 { Gerle No. 2., oo cvvviiiin i, dov.eriiiiii i 33, 000 180, 000 83, 000
131 { Gerle No. 1., ..o, Gerle Creek................. 5, 000 28, 000 58, 300
132 | Rubicon No. 3.............. Rubicon.............covutt. 80, 000 439, 000 25, 000
133 | Rubicon No. 4...............|..... dovee it 62, 000 348,000 |oeeirennnnnnn
134 | Rubicon No. 4A.........oovifunnn do.vevniiii i 46, 000 262,000 f.....ooiiann..
135 | Lady Canyon............... MF American............... 35, 000 165, 000 17, 000
136 | Oregon Bar................. NF American............... 100, 000 427, 000 613, 000
137 | Echo......ovviivvinnns, SF American................ 4, 000 17, 500 5, 000
138 | Van Winkle................. Silver Fork................. 10, 000 53, 500 4,700
139 | China Flat.............cooiiinnnn 4 G TN 15, 000 72,700 {oveveennnnnnnn
140 | Kyburz......cocvvivievnnn. SF American................ 20, 000 120, 000 63, 000
141 | Alder. .. ooovivnie it Alder Creek................. 4, 000 21, 000 18, 000
142 | IceHouse................... Silver Creek............c.... 9, 000 44, 600 50, 000
143 | Union Valley...........oovii]evnnn do.eeriiiiiiin 15, 000 58, 600 160, 000
144 | BigBend................oo ] do..vrii i 52, 000 281, 000 15, 000
33 | Eldorado 1.................. SF American................ 480, 000 4404,000 f....oo0niiinnn
145 | Eldorado 1A. .......oovvviii]ennns 14 Z I 40, 000 216,000 |..covineinnann
146 | Slab Creek.................loo.e. doveii i 20, 000 99, 700 12, 500
34 | American River.............|..... douenei i 456, 800 4312,000 [.oovienennnnn.
147 | Kelsey..oovieenonneiinn]onnn, do..vvviniiiiinn 25, 000 137, 200 35, 300
148 | Salmon Falls................|..... 14 G Y 60, 000 216, 000 746, 000
149 | Monticello. ................. Putah Creek................ 20, 000 44, 000 1, 540, 000
150 | West Side 17................ MF San Joaquin............ 12, 700 54,700 {..oiiiiiiian.,
151 | West Side 18.......ovveenvi]enenn doeieinnriini i 13, 400 43,200 |..oiiiiiiinnn,
152 | West Side 16........oociieifenn.. 3 Lo T 35, 000 147,000 46, 900
153 | WestSide 9................. San Joaquin................ 61, 900 316,000 {.............n
154 | West Side 10................ Jackass Creek............... 23,100 96,800 [..............
155 | West Side 11........oeiiet]onenn 1< o T 19, 400 82,000 |........ouutn
156 | West Side 15................ Powerhouse Creek........... 23,100 94,700 |....coiuiinnnn
157 | West Side 14, .......coovieifieenn doeiniinii i 16, 400 74,900 |..oiiiiniinnns
158 | West Side 13................ Mugler Creek............... 15, 700 76,500 |..ovviviinnnns

See footnotes at end of table.
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TABLE 3.—Tentative list of hydroelectric power possibilities other than at projects under construction, author-
ized, and recommended —Continued

Ultimate*® Average Active
No.? Project River? installed annual storage
capacity generation capacity
1,000 kilowatt-
Kilowaits hours Acre-feet
159 | West Side 12................ Chiquito Creek.............. 10, 100 25, 600 79, 900
160 | West Side 8A................ San Joaquin................ 36, 000 315,000 [......oiiinnnn
40 | BigCreek 3......ovvvivniiii]onnen 5 s 4 25, 500 (G 2 P
161 | Exchequer 2................ Merced. . .voviiiinniinnnnn. 5, 000 24,900 |, ... ...l
162 | O’Shaughnessy.............. Tuolumne......ooovvvvnenn. 11, 200 90, 000 360, 000
163 | Early Intake 2............c. . ... doceeeiiiiiiii i 42,000 252,000 |............t
164 | Tuolumne..................|[..... do..oeeeniiiiiiii., 61, 000 475, 000 50, 000
165 | South Fork 1................ SF Tuolumne............... 13, 000 31, 600 41, 000
166 | South Fork 3................ Tuolumne...........oovvun. 22,500 98,600 |..........ut
167 | Clavey River Diversion.......|..... do....oiviiiiiii e 13, 500 100, 000 65, 000
168 | Mouth Clavey............... ..... do.. v 9, 500 62,000 {..............
169 | Big Humbug Creek..........[..... do.vieiiniiiiiiii, 8, 000 55,000 |........o0nln,
47 | Moccasin, . .oovievineninn.. Moccasin Creek............. 442,000 4250,000 |......... ...
48 | Don Pedro.................. Tuolumne.................. 470, 000 4160, 000 1, 138, 000
170 | Highland................... NF Stanislaus. .............. 13, 000 91, 000 69, 000
171 | Ramsey. ..o vvvvenneennnnnne|ienn. do.eie e 7, 000 42, 600 20, 000
172 | Calaveras......ocvvvveinnnaafennnn do.. e e 21, 000 154,000 |........ooult
173 | Dardanelles................. MF Stanislaus............... 6, 000 42,700 11, 900
174 | Donnells Flat................]..... do..viiiiiiiiin i, 40, 000 165, 000 90, 000
175 { Low Beardsley...............0..... dov.viiiii i 8, 800 34,700 97, 500
176 | High Beardsley..............|..... s Lo TR N 17, 000 109,000 |............n
177 { Sand Bar...........c.coioufoenn do.....ooiiiiiiia 10, 000 78,000 |........oiin
178 | Collierville.................. Stanislaus................... 36, 000 255,000 {.....iiann,
51 | Stanislaus...........coveveufonn. s Lo TR 441, 000 4198,000 |..............
179 | Steinbeck........... .. ..., Angels Creek................ 1, 600 12,000 |........oool
180 | Knights Ferry............... Stanislaus.........oooiii. 6, 000 26,000 {........0unnnn
181 | Sloughhouse................. Folsom Newman,............ 16, 000 60,000 f..............
182 | Terminus.....c.ovvnvevennnn. Kaweah................000n 10, 000 40, 000 100, 000
183 | Simpson Meadow............ MFKings........c.oconhn.. 60, 000 368, 000 150, 000
184 | Tehipite Valley..............0..... do.eiiii i 80, 000 525, 000 30, 000
185 | Paradise Valley.............. SFKings....covvvieinnnenn. 40, 000 219, 000 120, 000
186 | Cedar Grove........ovvvuuedunn.. do.uiviiiiiiiian .. 140, 000 665, 000 120, 000
187 | Junction 5.................. Kings......oovvviiiian... 130, 000 613,000 {..oovuninnnnnn
71 | Wishon..................... NFKings......ooovvvennnn. 59,500 624,400 |.....0vniiantn
72 | Haas....oovveiinieiieniifeenns do..oviniiiiii 561,500 5116,200 f....cvvenn.nn.
60 | Balch (enlargement)..........[|..... & 1o TR 563, 000 566,300 |,oveennennnnn
188 | Junction 1..................]..... do.oviiiiiii i, 30, 000 96,000 |....oovvvnnnn.
189 { Peart..........covvuvunn.. Dinkey Creek. .............. 30, 000 100, 000 60, 000
190 | Junction 2. ......oovvii e doooovvviiiiiiiii., 50, 000 200,000 [.vvuunniennnn,
191 | Kings River................. Kings.........oovviviinee. 39, 000 129,600 |.......ovinen
73 | PineFlat. ..................]..... do..oviiiiiiiiii 5 75, 000 5164,400 |....ovvvinnnnn
192 | Kern Lake,................. Kern.........cocieveinan.. 25, 000 157, 500 70, 000
193 | Little Kern. . .....ovovvivindonn, do.. ..o 40, 000 236, 000 25, 000
194 | Junction..........coooueenanfenan, do.uiiiiiiiiiii e 60, 000 350, 000 100, 000
61 | Kern River 3...............]..... do...ooviiiiiiiiiii 4 28, 000 4153, 500 25, 000
195 | Monache. .........covvunn.. SFKern......coivvvivenn.. 100, 000 52, 500 25, 000
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TABLE 3.—Tentative list of hydroeleckric power possibilities other than at projects under construction, author-
ized, and recommended ' —Continued

Ultimate Average Active
No.2 Project River® installed Annual Storage
capacity generation Capacity
1,000 kilowatt-

Kilowatts hours Acre-feet
196 | Rockhouse.................. SFKerm......oovnvivenenn. 5, 000 17,500 {.......ooooat
197 | OnyX. e viiiiiiiiieininennn e dooiiiiiiiiiieninn, 25, 000 131, 000 23, 000
63 | KernRiveri................ Kern.....oovvveinnennanan. 4 94, 000 $330,000 {..............
64 | Kern Canyon. ...ovveevenenafenn.. do. vt 4 23, 500 $80,000 [..............
198  AntHill.....coovivvninini o, doseeniiiiiiiiiise.. 17, 000 70, 000 220, 000
- R cees 4, 624, 700 22,542,700 813, 570, 700

1 Data for the projects listed above are based on investiga-
tions which vary from reasonably complete surveys to studies
of preliminary character. Much further study would be
required, therefore, to determine more accurately the
details and the physical desirability of some projects. The
list also includes projects which may not be feasible because
of conflicts with higher beneficial use. For example, some
sites listed on the Middle Fork and South Fork Kings River
may well be of this type.

? Numbers correspond to numbers on figure 2.

Facilities in Construction and Authorized

A project is presently under way to provide a
30-foot channel to Sacramento. A project for en-
largement of Old River and other nearby channels
in the San Joaquin delta to provide navigable depths
of from 6 to 10 feet is being constructed.

Congress has authorized a shallow draft project to
provide navigation depths on the Sacramento River
of 6 feet for an 85-mile reach from Sacramento to
Colusa; of 5 feet from Colusa to Chico Landing
(50 miles), and for such depths as are practicable
from Chico Landing to Red Bluff. Release of water
for navigation and salinity control will maintain
these depths during the greater part of the naviga-
tion season.

Further improvement of the San Joaquin River
and the Stockton deep water channel also has been
authorized.

Situation at the End of the Present Program

A well integrated system of navigable channels

3 Abbreviations are as follows:
NF—North Fork.
W. Br—West Branch.
MF—Middle Fork.
SF—South Fork.
¢ Addition to or redevelopment of existing plant.
8 Additional capacity and generation beyond that which
would be provided initially at recommended projects.
¢ Future reservoirs without power developments at the
sites would provide an additional 1.7 million acre-feet of
active storage capacity.

will serve the lower end of both the Sacramento and
San Joaquin systems. Stockton and Sacramento
will be deep water ports served by oceangoing
vessels carrying all classes of domestic and foreign
commerce. The network of shallow-draft channels
will connect with other river and bay terminals and
provide for extensive recreational boating.

Programs for Future Development

Upon completion of the present projects only a
small additional program is contemplated. Im-
provements of port and harbor facilities include ex-
tending the harbor area and providing more ade-
quate turning facilities at Stockton. Deeper chan-
nels and some extension of the waterway system are
envisaged. Improvement of channels above tide-
water would be accomplished primarily by reservoir
regulation to improve low water flows. This might
result in conflict with other beneficial uses. Channel
extension will undoubtedly require considerable al-
teration of highway bridges.
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Public Water Supply

The majority of the people in the Central Valley
obtain their water from wells. The quality is high
except for a slight hardness, which is increasing
slowly. Thirty-seven communities, including Sac-
ramento, obtain their water either directly from the
stream channels or from artificial reservoirs.
Water quality is very high in the mountain streams
but becomes progressively poorer toward the delta
areas. Sacramento River water is so polluted by the
time it reaches Sacramento that full treatment, in-
cluding aeration, chemical coagulation, filtration,
and chlorination, is necessary to make the water
suitable for domestic use. In the delta area surface
water is so heavily polluted that it is unsatisfactory
for water supply purposes without special treatment.

In addition to valley water supply demands, much
of the water supply for the 2.5 million people of
the San Francisco Bay area is obtained from the
Tuolumne and Mokelumne Rivers of the San Joa-
quin drainage. Aqueducts 150 and 250 miles long
serve the East Bay cities and San Francisco. The
supplies are presently almost completely utilized.

The Bureau of Reclamation estimated in 1945
that only about 5 percent of the total available
natural water supply of the valley will be needed
for municipal and industrial use—1 million acre-
feet. Exports to the San Francisco Bay region will
be 450,000 acre-feet annually and use in the Central
Valley itself will be 550,000 acre-feet annually.
Present estimates indicate that the bay area require-
ments will be substantially greater than these 1945
data.

Increasing pollution of the streams, and conflicts
in the use of the catchment watersheds, endanger
domestic and industrial water supplies.

Two projects authorized or under construction
have public water supply as a major feature. The
Contra Costa Canal unit of the Central Valley
Project carries water from the delta for domestic,
industrial, and irrigation use along the south shore
of Suisun Bay from Antioch to Martinez. Munici-
pal and industrial demands have taken the greater
part of this supply, and are expected to predominate
in the future.

Additional demands upon the Contra Costa
Canal are for the industrial requirements of Rich-
mond and other communities. This situation now
is under study by the Bureau of Reclamation, Also
under study is the use of Central Valley water in the
Santa Clara area where quantity and quality, sur-
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face and underground, have been deteriorating.
The authorized Solano Project will provide supple-
mental water for the municipal supply of cities in
Solano County, principally Vallejo, and also will
furnish a water supply for military installations in
the area. The Folsom Project, now under con-
struction, also is expected to supply water for munic-
ipal and industrial purposes.

Flood Protection

The Present Situation

Extensive flooding of the lower parts of the Sacra-
mento and San Joaquin Valleys is a natural occur-
rence. As settlement spread over the Central
Valley, damages from floods steadily increased, with
a concomitant demand for flood protection. By
1917 a comprehensive flood control plan for the
Sacramento River had been adopsed.

With no flood protection it is estimated by the
Corps of Engineers that damages would average 25
million dollars annually. Flood protection works
already constructed are estimated to prevent 10 mil-
lion dollars’ worth of flood damage annually.
Major flood damage (15 million dollars annually)
still occurs.

The principal works of the Sacramento Valley
flood control project are levees and channel im-
provements along the Sacramento River; along the
lower reaches of the American, Bear, Yuba, and
Feather Rivers, Cache and Putah Crecks, Willow
Slough, and many of the minor tributaries above
Colusa; the Moulton, Colusa, Tisdale, Fremont,
and Sacramento overflow weirs; and the Sutter and
Yolo bypasses. With the exception of some en-
largement and extension of the Sacramento River
levees and construction of levees on minor tribu-
taries, the project works have been completed and
have operated to provide flood protection for many
years.

When operated in conjunction with the existing
and proposed storage units (including Shasta Reser-
voir) the flood control program will provide a high
degree of protection to about 800,000 acres of fer-
tile agricultural lands and to the major cities, in-
cluding Sacramento, Marysville-Yuba City, and
Colusa, as well as many smaller communities, and
to transportation facilities.

Fewer measures have been undertaken to provide
flood protection for the San Joaquin Valley. Four
flood control reservoirs have been completed in the



San Joaquin Valley. These reservoirs have a com-
bined capacity of 41,000 acre-feet. Big Dry Creek
Reservoir, about 10 miles northeast of Fresno, pro-
vides protection to Fresno and Clovis and their
adjacent agricultural and industrial areas. Mari-
posa, Owens, and Burns Reservoirs are units of a
four-reservoir system, of which the fourth—Bear
Reservoir—has not yet been constructed. The sys-
tem will provide protection for about 136,000 acres
of agricultural land and to Merced and smaller
communities, as well as reduce flood outflows to
the San Joaquin River.

As flood flows follow a seasonal pattern in the
Central Valley it is possible to combine flood con-
trol and conservation storage in the same reservoir.
Shasta Reservoir is used for flood control as well
as for other purposes. Friant Dam also has flood
control utility.

Facilities under Construction and Authorized

Five Federal reservoirs currently under construc-
tion will provide flood storage capacity exceeding
2 million acre-feet. These reservoirs are: Folsom
Reservoir on the American River, to provide flood
protection to the Sacramento urban area; Isabella
Reservoir on the Kern River, to provide protec-
tion for 350,000 acres of agricultural and oil field
land in the Kern River area, for the city of Bakers-
field, and for 260,000 acres of cropland in the
Tulare Lake area; Pine Flat Reservoir on the Kings
River, to provide flood protection for about 80,000
acres of cropland in the Kings River service area;
Farmington Reservoir on Littlejohn Creek, to help
protect 58,000 acres of agricultural land and subur-
ban areas and industrial sites immediately south of
Stockton; and the Merced County stream group
of four dams, which is considered under construc-
tion, though no work is now in progress. Three
have been completed.

The Cherry Valley Reservoir is being constructed
by San Francisco with Federal financial aid, and
will provide 340,000 acre-feet of flood storage. In
return for the Federal aid the city will operate the
reservoir in conjunction with the Lake Eleanor and
Hetch Hetchy Reservoirs for flood protection in
the San Joaquin Valley. Further flood control
storage will be provided in the New Don Pedro
Reservoir, also to be constructed by local interests
with Federal aid.

Authorization has been given for an additional
six flood control reservoirs, These are: Black Butte

Reservoir on Stony Creek; Success Reservoir on
Tule River in Tulare County; Terminus Reservoir
on Kaweah River; New Melones Reservoir on
Stanislaus River; New Hogan Reservoir on the
Calaveras River; and Iron Canyon Reservoir on
the Sacramento River. These authorized reservoirs
will provide an aggregate flood control storage of
1.5 million acre-feet.

Total flood control capacity in all under construc-
tion and authorized projects amounts to 3.6 million
acre-feet. Of this total, 3 million will also be used
for other purposes.

Channel improvement and levee construction for
flood control are authorized for the lower San
Joaquin River and tributaries, major and minor
tributaries in the Sacramento Basin, Bear Creek in
San Joaquin County, upper Butte Basin, and other
locations, Some of these projects now are under
construction.

Situation upon Completion of Present Authorized
Program

The Corps of Engineers estimates that comple-
tion of the present program will prevent annual
flood damages of 19 million dollars. Protection
will be provided for more than 40 urban damage
centers and for almost 2 million acres of agricul-
tural land. It will have made possible a higher
type of use on 200,000 acres of agricultural land.

However, it is anticipated that at the end of the
current program, protection needs of urban areas
will have increased and that further protection of
agricultural land would be desirable. Average
annual flood losses will still be in excess of 6 million
dollars and some land will still be held to a lower
form of use than would be possible if it were pro-
tected from floods.

Programs for Further Construction

A flood control survey report was presented in
1949,° which incorporates existing, authorized, and
additional works into a basin flood control plan.
This plan contemplates a total of about 30 reser-
voirs, with about 12 million acre-feet of capacity.
The program also calls for extensive enlargement
and rectification of flood channels, new levees, and
improvement of existing levees along approximately
1,000 miles of streams and floodways.

* H. Doc. 367, 81st Cong., lst sess. (1949).
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Watershed Control Upstream and
Related Land Programs

The Present Situation

It is estimated that at least 12.5 million acre-
feet, or 60 percent of the annual runoff of the Cen-
tral Valley, comes from the national forest lands.
A large share of the remainder comes from private
forest lands and a small amount from the 1.5 million
acres of public domain.

Watershed management to bring about maximum
useful water yields is a primary objective of na-
tional forest administration. Serious grazing prob-
lems formerly were common in the national forests
but are becoming less acute as a result of reduc-
tions in livestock numbers and better range man-
agement practices. FErosion conditions generally
are not a serious concern within the national forests,
but they could be improved, especially in moun-
tain meadows. An accelerated planting schedule
is desirable for some 525,000 acres of forest land.
Large volumes of good timber within the national
forests have not been harvested because of inacces-
sibility. If these stands could be utilized, it would
be possible to harvest stands which are declining
because of losses in old growth and more quickly
permit the development of sustained yield enter-
prises.

Timber cutting on private forests has not been
well managed. Only about 25 percent of private
cutting is adequately managed for proper water-
shed protection. Overgrazing on private lands
within the national forests and in foothill areas has
caused extensive erosion damage.

On the whole, erosion and sedimentation are not
major problems within the Central Valley now, but
the potential danger is great unless watershed lands
are closely watched and properly managed. Com-
placency on account of the present situation could
be dangerous because of the impact of the growing
population on the forest resource.

There are 15 soil conservation districts in the
Central Valley., They comprise only a small frac-
tion of the total land of the valley. About 200,000
acres of land have received treatment.

On the irrigated lands of the valley most farms
need better water application methods to conserve
water and reduce erosion and leaching.

Drainage problems occur locally where water
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tables are high or where heavy alkaline soils and
poor irrigation practices exist.

Present Programs and Program Needs

Fire hazards are high during the long, dry sum-
mers. Federal and State funds available for forest
fire control protect the forests adequately, except
during periods of extreme hazards. Present meas-
ures for protection of timber stands against insect
and disease damages are adequate unless epidemic
conditions should arise. Logging practices in na-
tional forests are generally good, but further im-
provement is necessary. More access roads are
needed to insure maximum utilization of the timber
resources. Grazing and big game management in
the national forests needs to be strengthened. Rec-
reational use of the forests is increasing so rapidly
that facilities for such use need immediate expan-
sion. Public acquisition and management of criti-
cal flood and sediment source areas in the mountains
are needed.

The Secretary of Agriculture is authorized to
cooperate with State forest officials to encourage
the providing of technical services to private forest
landowners with respect to management of forest
lands.*® This program needs to be expanded.
Much more tree planting is needed on private forest
lands. State forest lands should be consolidated
into manageable units.

Attempts to convert brush lands to grass are creat-
ing new problems. In some areas this practice may
prove beneficial, but many steep slope and thin soil
areas will suffer severe erosional damage, and con-
tribute to flood flows. Research to guide this work
is urgently needed.

An expansion of the present program of water-
shed management research would assist greatly in
achieving maximum benefits from this conservation
effort.

Programs to guide and assist the farmers in initiat-
ing better irrigation practices need expansion. This
will be especially true for farmers on new irrigated
lands. Studies designed to insure application of
limited water supplies to the most productive land
are desirable.

Irrigation farming in the Central Valley requires
large capital investments. A more extensive farm
credit program will be necessary as new irrigated
land is brought into production in order to achieve
the most efficient production on these new lands.

¥ Act of August 25, 1950, § 1, 64 Stat. 473,



Recreation, Fisheries, and Wildlife

The Present Situation

Major outdoor water recreation activities are
those related to boating, fishing, and hunting in
streams and reservoirs, and camping and picnick-
ing. Winter sports are growing in popularity.

While recreation facilities involving water use are
extensive, they are not ample to meet the demands
of the growing population of California.

The Central Valley is along an important west
coast flyway for game birds. The area of swamps,
marshes, and water bodies along this flyway has
been steadily decreased. Future programs may
further decrease their size unless provision for water-
fowl is included in future plans.

Salmon support a minor commercial fishery but
their major importance here is for recreational fish-
ing. Trout and several other species of game fish
are also sought by sportsmen.

Program for Development

Provision for recreational facilities at the various
major reservoirs is planned. Fish are to be propa-~
gated in the reservoirs. Opportunities for boating,
bathing, picnicking, and camping are to be provided
where they can be developed in association with
other important reservoir uses.

With a view to increasing the fish population for
sport fishing, studies on fish management are under
way. Until further information is available, one
major reservoir (Iron Canyon) has been deferred,
partly because of its harmful effect on anadromous
fish migrations.

Plans for reservoir construction include use of
the surrounding lands and the water surface to as-
sist in maintaining waterfowl. Many small reser-
voirs are now being built in the upper portion of
the tributary streams to improve the flow during
dry seasons, increase the natural hatchery facilities,
and save fish.

Finally, various major scenic and recreation areas
that are becoming increasingly scarce in California
will be protected against inundation.

Special Developments

Hydraulic gold mining on tributaries of the Sac-
ramento and on northern San Joaquin tributaries
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washed millions of tons of soil and boulders down
the channels, debouching onto the valley floor. The
finer materials moved down the channels and filled
them, flooding the riparian lands and interfering
with navigation. In 1879 hydraulic mining was
stopped in the Central Valley due to the damage,
and in 1893 the California Debris Commission was
created under the Corps of Engineers to license such
mining provided the debris was kept out of the
stream channels. Further legislation enabled the
Corps of Engineers to construct dams for such stor-
age, the Government to be reimbursed by the opera-
tors. Three such dams have been constructed, and
two more have been authorized. It is questionable
whether placer mining will return on any large
scale because of the high cost of acquiring water
and rehabilitating the necessary canals to carry the
water to the mining properties.

Multiple-Purpose Aspects of the
Program

Multiple-purpose use of water in the Central
Valley is a necessity if all of the many pressing
demands for water are to be met. This was the
objective of the State Water Plan, adopted by the
legislature of 1941, and continues to be the objective
of Federal agencies.

Although conflicts in use are unavoidable, many
uses of water are complementary. Storage of water
for any purpose is beneficial to hydroelectric power
developments. Surface application of irrigation
water increases the underground water supply.
Releases for salinity control and irrigation assist in
maintaining navigation channel depths, and in
assisting pollution abatement during low-flow
periods. Moreover, by obtaining multiple benefits
from water development works, greater water de-
velopment is possible than could be economically
attained on a single-purpose basis.

Existing Multiple-Purpose Projects

The initial features of the Central Valley Project
perform several functions. Shasta Reservoir regu-
lates floods, maintains navigation flows, supplies
irrigation and municipal water supplies, is used for
salinity repulsion, generates hydroelectric power,
and provides recreation benefits.

The Delta Cross Channel furnishes water for
irrigation and salinity control.
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The Contra Costa Canal furnishes both munici-
pal and irrigation water.

Friant Dam provides flood control and irrigation
water and water supplies for underground storage.

Some non-Federal projects, like Hetch Hetchy
Reservoir (electric power and water supply) and
Don Pedro Reservoir also are multiple-purpose.

Multiple-Purpose Projects under Construction
and Authorized

Folsom Dam, when completed by the Corps of
Engineers, will have flood control, power genera-
tion, municipal water supply, and irrigation func-
tions.

The authorized Sly Park Reservoir of the Bureau
of Reclamation will supply irrigation water and
municipal water.

The Solano Project authorized for Bureau of
Reclamation construction will also furnish both
irrigation and domestic water.

Two other Corps of Engineers “under construc-
tion” projects, besides Folsom, have multiple func-
tions. These are Isabella and Pine Flat Reservoirs,
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which have flood control and irrigation functions.
A number of private and local public projects for
irrigation, power, or municipal supply also serve
other purposes. Recreational benefits are provided
incidentally at most of the reservoirs constructed
for other purposes.

Projects of the Corps authorized but not under
construction having multiple-purpose use are Iron
Canyon and New Melones Reservoirs, for flood
control, irrigation, and power; and the Success,
Terminus, and New Hogan Reservoirs for flood
control and irrigation.

Future Programs

All the reservoir projects recommended by the
Chief of Engineers to the Secretary of the Army or
under consideration are either multiple-purpose
projects or call for eventual installation of addi-
tional functions at reservoirs existing or under con-
struction,

Most of the numerous projects in the Bureau of
Reclamation’s plan for the Central Valley also
have multiple-purpose functions.



Chapter 4

Project Economics, Accounting,

and Bepayment

Because of the current large Federal water devel-
opment and control program in the Central Valley
and because of the past extensive area of irrigated
land in the valley, it might be assumed that extensive
construction by Federal agencies had been carried
on in the past. However, viewed in the light of
the total water resources development in the Central
Valley, the completed projects of the Federal agen-
cies have not yet become of major importance.

Some Federal projects were initiated before mod-
ern concepts of economic analysis had been de-
veloped. Hence, for the older projects only a few
totals can be presented. Another difficulty arises
from the nature of the present Central Valley Proj-
ect, which is not a project but a program made up
of a number of projects designated as units. Sev-
eral units are now under construction during a
period of steadily rising costs; hence, most economic
data represent historical estimates rather than pres-
ent or future dollar benefits and costs.

Development Program as a Whole

Water development programs of the Federal
Government in the Central Valley will have reached
a total of 555.5 million dollars upon completion
of the initial features of the Central Valley Project.

Of this total the largest single item is for irriga-
tion, for which the total cost allocated is 222.5
million dollars. Irrigation costs are all reimburs-
able, though not necessarily by the water users. It
is proposed by the Bureau of Reclamation that a
large fraction of the irrigation costs be subsidized by
the income from power.

Power costs are 131.5 million dollars. All of these
costs are reimbursable. The rates must be set high
enough to earn 3 percent interest on the investment,

although under the present practices of the Depart-
ment of the Interior the interest would not be re-
turned to the Federal Treasury as payment on the
power account. These costs are almost entirely
associated with the Shasta and Keswick Dams and
power plants, transmission lines, and the steam
plant.

The only other reimbursable cost is for construc-
tion to serve municipal and industrial water require-
ments. This amounts to 11.7 million dollars.
Charges are made by selling water “wholesale,” and
it is expected that such sales will more than cover
expenses incurred by the Federal Government for
providing this water,

Debris control for placer mining on certain
streams has cost the Federal Treasury 5.3 million
dollars. These costs are repaid in proportion to
use, and reimbursement of the initial cost from
mining interests will be obtained only if the facilities
are used to the maximum of their capacity. These
reservoirs meanwhile provide some recreation bene-
fits, some power generation, and are valuable for
arresting long-term downstream movement of the
valley fill created by early mining. No interest is
charged on the investment.

The nonreimbursable costs for flood control, navi-
gation, and fish and wildlife make up roughly 40
percent of the total program costs.

Flood control costs have totaled 156 million
dollars and are by far the largest nonreimbursable
item. Over half of these costs have been met by
local interests. Where protection is afforded by
levees and other local works, local interests pay a
significant share of the cost. The Federal Govern-
ment bears the entire cost of flood protection reser-
voirs. In earlier flood control programs, local con-
tributions were very large, but since recent costs
have been for reservoir construction, they have been
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largely Federal, as evidenced by the fact that over
a third of the Federal investment for flood control
has been in the recently completed Shasta and Fri-
ant Dams.

Navigation costs have been 25.8 million dollars.
Nearly two-thirds of this figure is represented by
the allocated costs to navigation in Shasta Dam.
Roughly a tenth has been paid by local interests.

Both the navigation and flood control programs
have been carried on over a long period during
which no benefit-cost analyses were made. How-
ever, the Corps of Engineers reports that benefits
are in excess of costs.

The Federal fish and wildlife program has cost
2.7 million dollars. No economic analysis is made
of the projects and no income accrues directly to the
Federal Treasury.

Hydroelectric Power

Hydroelectric power investments in the Central
Valley by the Federal Government total 131.5 mil-
lion dollars for facilities constructed, or soon to be
completed. This figure represents the costs assigned
to power in the Shasta and Keswick units of the
Central Valley Project, with transmission lines and
a steam plant.

The Central Valley is an area of medium power
costs. The seasonal and annual variations in run-
off and the two peaks of demand (in summer and
winter) necessitate large steam capacity to supple-
ment the output of hydroelectric plants. Prior to
1940 the Pacific Gas & Electric Co., which supplied
practically all the power used in the area, had about
a third of its installed capacity in steam plants and
two-thirds in hydroelectric plants. Energy genera-
tion by the hydroelectric plants varied from 60 to
90 percent of the annual total, varying with the
amount of runoff. In its present extensive power
construction program, the Pacific Gas & Electric Co.
is installing a higher percentage of steam plants and
the system capacity is now approaching an equal
division between steam and hydroelectric power.

As less favorable hydro sites are constructed, costs
of hydroelectric generation will rise except insofar
as multiple-purpose projects offer opportunity for
sharing costs among several purposes. Also, as
more steam power is added, the value of hydroelec-
tric plants for peaking purposes will serve to justify
higher costs.

Net revenues from Shasta and Keswick are ex-
pected to be more than double the cost of providing
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the generating facilities. The problems connected
with the power rate, the interest component, and
subsidy of irrigation costs by power revenues are
discussed in chapter 5.

Irrigatién

The Orland Project is the only completed Federal
irrigation project in the Central Valley. It was
constructed in two parts, the first costing 1.1 million
dollars, and the second 1.3 million. The total cost
per acre for the 20,000 acres included in the project,
therefore, was about $125, a figure much below
most current projects.

The total cost of the project is charged to irriga-
tion, and all of the first 1.1 million dollars has been
repaid, without interest. Financial difficulties en-
countered during the 1930’s led to funding of the
combined debt in 1936, with repayment required
in 35 years. The ultimate cost, including penalties,
interest, and funded operation and maintenance
charges, will be $2,471,000. Full repayment is
expected in 1977.

Costs will be higher in the future than on past
projects, public or private. The most favorable
sites were developed first, and price levels were
lower. New irrigation will require large storage
reservoirs, long canals and distribution systems, and
in some cases large power requirements for pump-
ing. Most of the acreage now planned for develop-
ment will require capital investments of $300 to
$600 per acre. These cost figures should, of course,
be appraised in the light of the very high produc-
tivity of land in the Central Valley. Prices of land
in the Orland Project, for example, range from $50
to $150 per acre for unimproved property, and
from $130 to $750 per acre for improved property.

Firm data on the repayment to be expected from
irrigators are not available. The Bureau of Recla-
mation estimates that of the 225.5 million dollars of
construction costs on the initial features of its Cen-
tral Valley Project (dams, main canals, and power
allocated to pumping), 61 million dollars will be
repaid by the water users. This is a repayment of
28 percent. However, if all irrigation costs of the
entire project including operation and maintenance
are considered, the payment expected of the irri-
gators rises to about 70 percent.!  Further contribu-
tions by irrigators are made in costs of on-the-farm

1 Calculated as a percentage of the combined total of
the capital investment (without interest) and the cumula-
tive operation and maintenance costs over the repayment
period.



facilities. The latter are not considered in the
above estimates. If on-the-farm expenditures were
included, the percentage share contributed by local
interests to the total would be much higher.

On the authorized Solano Project a repayment of
over 75 percent of the irrigation costs is expected.
Estimates on the other authorized and proposed
irrigation projects could not be made in 1950
because water rates have not yet been established.

Cost allocations to irrigation have been made in
conjunction with some of the Corps of Engineers
reservoirs for flood control which have irrigation
benefits from flow regulation. Estimates as to the
repayments to be expected differ widely. On Pine
Flat Dam the Bureau of Reclamation holds that
irrigators should repay 14.2 million dollars. The
Corps of Engineers estimates a return from irrigators
of 12 million dollars and the State of California
estimate is 10 million dollars.

Navigation

Improvements for navigation have been made
at a total cost of 25.8 million dollars including 18
million dollars of the cost of Shasta Dam. Two
and a half million dollars of this is non-Federal.
Of the allocation to navigation of Shasta Reservoir
costs, 5.6 million dollars is for salinity control. Cur-
rent benefit data are not available for navigation
projects.

In addition to costs generally published for navi-
gation works, there are unlisted costs to the general
public. Additional costs are incurred, for instance,
in construction and operation of highways and
bridges. The Bureau of Public Roads estimates that
the additional cost for highway bridges over the San
Joaquin and Sacramento Rivers due to navigation
amounts to an investment of $4,252,500, with $274,-
700 annual operation costs for lift or swing bridges.

One navigation project, the San Joaquin River
and Stockton Channel, is authorized but not under
construction. The estimated construction cost is
6.7 million dollars, and the benefit-cost ratio is esti-
mated as 1.25 to 1, including some incidental flood
control benefits.

Flood Control

Levee construction to prevent flood damage was
initiated by private interests. These improvements

% A discussion of the problems of irrigation contract
negotiations is found in chapter 3.

later were incorporated into the more extensive sys-
tem constructed by the Corps of Engineers.

The local investments, plus all the subsequent
Federal costs over a period of more than 50 years,
total 156 million dollars. Over half (85 million
dollars) has been contributed by local interests. Of
the total Federal expenses of 71 million dollars, allo-
cations to flood control in Shasta and Friant Dams
amount to 31.4 million dollars.

Estimated costs of flood control projects author-
ized since 1940 far exceed the total of all previous
flood control costs. Total estimated cost of these
new projects is 337 million dollars. Annual carry-
ing charges total 15.9 million dollars and evaluated
annual benefits amount to 22.1 million dollars, of
which 10.9 million dollars are flood control benefits.
The ratio of benefits to costs is 1.4 to 1. Local in-
terests will pay 8.3 million dollars for strictly local
benefits from local works.

The estimated construction costs for completing
the remainder of the comprehensive flood control
plan is 270 million dollars. The estimated benefit-
cost ratio on these projects is 0.8 to 1, but it is
assumed that further local expansion will increase
the importance of flood control sufficiently so that
larger benefits will be realized. Construction will be
deferred until these demands have materialized.

Debris Control

The debris control structures in the Sacramento
Valley were built under different Federal authoriza-
tions, and consequently differ somewhat in account-
ing and repayment aspects.

Daguerre Dam and restraining basins were con-
structed at a cost of $723,000, divided equally be-
tween the Federal Government and the State of
California. Carrying charges averaging $60,000
annually are similarly divided. No reimbursement
is required from beneficiaries. Annual benefits
have not been evaluated.

A later Federal law authorized construction of
four debris impoundment reservoirs. Two such res-
ervoirs have been built at a cost of 4.6 million dollars
of Federal funds. Annual benefits are not evalu-
ated. Repayment is made in proportion to the
amount of debris deposited in the reservoir. To
date only $71,000 has been repaid to the Govern-
ment. This constitutes an important subsidy to the
mining interests, in that they may defer such pay-
ments interest-free as long as they wish and are in
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no way responsible for eventual repayment of the
reservoir costs,

The head created by one of the dams is utilized
for power generation by the Pacific Gas & Electric
Co., which at present pays the United States $18,000
annually. After the first 30 years this payment will
be increased to $48,000 a year.

Fish and Wildlife

Three Federal wildlife refuges have been de-
veloped in the Central Valley at a total cost of 1.1
million dollars. They cover an area of 14,400 acres,
and the cost was about $75 per acre.
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The Fish and Wildlife Service operates the Cole-
man Fisheries Station on the upper Sacramento
River. The investment in the station is 1.6 million
dollars and the annual operation and maintenance
expenses are approximately $100,000. The largest
single unit of the station is a salmon hatchery.

Both the Federal Government and the State of
California plan to extend their acreage of wildlife
refuges. California has set aside 4 million dollars
for land acquisition and the Federal Government
has authorized $745,000 for new projects.

No evaluation of benefits from their projects is
made by the Fish and Wildlife Service, and no
repayment is expected.



Chapter 5

Policy Problems and Their Relation

to Plans for Development

In reviewing the Central Valley situation, a num-
ber of problems related to the water resources pro-
gram were disclosed. Some of them are of such
importance that they were made the subject of a
separate study.

Thirty-one separate policy problems are identifi-
able in Central Valley water resources develop-
ment. The existence of so many issues may be
attributed in part to the limited extent of water
supplies in parts of the basin most suited to agri-
cultural and urban development, in part to the
long history of water resources development in
California, and also to the number of agencies and
interests concerned. Problems are of four general
Don Pedro Reservoir, also are multiple-purpose.
types: (A) Distribution of benefits and responsibili-
ties, (B) Conflicts in beneficial use, (C) The char-
acter of development, and (D) Program proce-
dures. They are listed below in the order of their
presentation.

A. Distribution of Benefits and Responsibilities

1. The place of State and local agency partici-
pation in planning, programing, financing, and
operation.

2. The place of private citizens and organizations
in water resources control and development.

3. Desirability or handicap of acreage limitation
laws in irrigation developments.

4. Extent of Federal Government concern with
pollution control.

5. The need for a pooled account in power
planning and administration.

6. The use of power revenues, including the
interest component, in financing irrigation develop-
ments,

7. Reimbursability of allocations for fish and
wildlife, and recreation.

8. Reimbursement to the Federal Government
for ground water.

B. Conflicts in Beneficial Use

1. Conflicts of fishery, wildlife, and recreational
interests with other water developments.

2. Principles for planning and construction of
facilities in areas previously dedicated to scenic
values.

3. Inundation of facilities of established enter-
prises.

4. Conflicts between upstream and downstream
interests.

5. Extent of conflicts between and associated
with domestic, irrigation, industrial, and other
water uses.

6. Placer mining activities in relation to water
resources development.

7. Mining claims on public lands.

8. Extent to which flood plain zoning is prac-
ticable.

9. Conflict between navigation developments and
other water uses.

C. The Character of Development

1. Basic data essential to future plans.

2. The proper rate for future construction of
facilities to provide water for supplemental irri-
gation, and new land development.

3. Ground water replenishment.

4. Land treatment programs in plans for water
resources development.

5. Rate of construction and integrated operation
of electric power facilities.

6. Facilities for future national defense needs.
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7. Uniform policy on providing recreational fa-
cilities in reservoir areas.

8. Extent to which fish and wildlife programs
should be included in planning for water resources
development.

9. Measures for mosquito control.

10. Extent to which engineering and design of
major works should take account of all probable
future water needs.

11. Interbasin diversions of water into and out of
the Central Valley.

12. Integrated planning, construction, and oper-
ation of facilities for water use in the Central
Valley.

D. Program Procedures

1. Irrigation repayment contract principles.
2. Acquisition of property in reservoir areas.

Among the issues discussed, probably the most
important are those which relate to integrated plan-
ning and operation of facilities, the allocation of
water to different beneficial uses, the place of State,
local, and private agency participation, application
of acreage limitation to irrigation, and the nature of
irrigation repayment contracts. Each of the other
issues discussed has some significant bearing on
the successful completion of efficient, comprehen-
sive use of the water resources.

A. Distribution of Benefits
and Responsibilities

1. The Place of State and Local Agency Participa-
tion in Planning, Programing, Financing, and
Operation

THE PrROBLEM

The extent to which State and local government
agencies should participate, or be called upon to
participate, in the planning, programing, financing,
and operation of water resources developments in
the Central Valley.

THE SITUATION

Californians long have recognized the vital im-
portance of water to their welfare. They have
spent many millions of dollars, individually and
collectively, to protect themselves and their works
from floods, and even more millions to conserve
and regulate their water and put it to beneficial use.
In addition, much time and money have been spent
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by State and local agencies in investigating and
planning the control and use of water and land
resources. The State Water Plan of 1931, devel-
oped over many years, is today the basic outline of
Federal plans for improvement. Many other
developments of California’s water resources have
been undertaken by private groups, first for mining,
and then for irrigation and power.

Much legislation dealing with the control and use
of Central Valley water has been enacted by the
State. As a result, many local public agencies have
been formed to plan, construct, and operate flood
control, irrigation, drainage, soil conservation,
municipal water supply, sanitation, power, and
other works. Still other State and local agencies
have been created to cooperate with the Federal
Government, and to meet the established require-
ments of local cooperation.

Two examples of these agencies are the State
Water Resources Board and the State Reclamation
Board. The former conducts investigations and
establishes State policies on the control and use of
water. It recommends adoption of projects to
the legislature, specifying the State share in the
method of financing the non-Federal cost of
projects. The State Reclamation Board acquires
rights-of-way for local flood protection within the
State, and participates in other activities including
maintenance and operation of phases of these
projects,

The experience acquired by State and local
agencies has been helpful to responsible Federal
agencies. Full cooperation and participation by
State and local interests can promote speed and
efficiency in the program. Because the drainage
area is entirely within one State, local interest in
its resources is much more intense than in inter-
state basins. Also, a capable force of State and
local personnel, trained and informed with respect
to the problems, is available for such participation.
Extensive consultation among Federal, State, and
local interests is a normal activity.

However, local interests desire even greater par-
ticipation in planning, programing, and operation.
They have participated financially in many projects,
and have assumed complete responsibility for some.
State and local agencies have expressed their views
on water policy problems, particularly with respect
to water rights and acreage limitations.?

! Now being revised.
? State of California, Department of Public Works, Views
and Recommendations of State of California on Proposed



CONCLUSIONS

The choice here presented is between a situation
in which duly constituted local or State agencies,
which presumably represent a majority of the peo-
ple under their particular jurisdictions, have a
maximum share in planning, programing, and op-
erating water conservation facilities, and a situa-
tion in which they have a lesser share, depending
on Federal initiative and activity. The place of
private interests in development is considered in
the following section.

If State and local participation is small, the
course of future action, no matter how well-inten-
tioned and otherwise efficient, is likely to be beset
by local objections, needless delays, danger of
project selection on nontechnical bases, and greater
expense to the Federal Government than otherwise
would be the case. The size of State organizations,
the scope of State activities in the water programs,
the extent of past locally organized developments,
and the intrastate character of nearly all problems
point toward the desirability of maximum State and
local participation. However, in encouraging and
recognizing such participation, care should be taken
that the broad public interest rather than the spe-
cial interest is protected and that financial invest-
ment is commcnsurate with participation.

Specifically, State and local participation might
include:

(a) A larger voice in drafting basin-wide plans
for control and use of waters and other resources,
perhaps by means of formal unified coordination
procedures among all local, State, and Federal
agencies involved.

(b) Recommendations as to the relative need for
specific projects and their rate of development.

(¢) Recommendations as to the manner of
operating projects, particularly as regards water use
and regulation.

(d) Operation and maintenance, wherever prac-
ticable, of strictly local flood control, irrigation,
domestic and industrial water supply, drainage, fish
and wildlife, and recreation facilities.

(e) Construction, financing, and operation of
projects which conform to a comprehensive plan.

(f) Payment for all or parts of Federal improve-

Report of Secretary of Interior Entitled Comprehensive
Plan for Water Resources Development, Central Valley
Basin, California, April 1946, 343 pp. See also, S. Doc.
113, 81st Cong., 1st sess. Central Valley Basin, August
1949, pp. 291-431.
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ments which result in substantial and determinable
local benefits.

2. The Place of Private Citizens and Organizations
in Water Resources Control and Development

TaE PrOBLEM

Participation of private enterprise in the future
control and development of water resources.

THE SITUATION

Extensive present use is made of the water re-
sources of the Central Valley Basin for irrigation,
municipal water supply, power, and other purposes.
Existing works have been constructed by private
groups and local public agencies, although there
are important Federal projects, like Shasta, Kes-
wick, and Friant Dams, and the Delta-Mendota
Canal. Power has been an important field of con-
struction by private groups. In a number of in-
stances power has been provided in connection with
irrigation as a joint or cooperative undertaking be-
tween private and local public agencies.

Futurc irrigation requires construction of large
engineeering works such as reservoirs, extensive
canal systems, and pumping facilities. Because
of the size, scope, and multiple-purpose character
of many projects, and to provide a comprehensive
program, Federal participation is believed to be
desirable. In many instances there is general agree-
ment as to the responsible agency, but in a number
of cases conflicts of interest as between public and
private responsibility either have appeared or are
likely to appear. Most of the conflicts concern
hydroelectric power sites.

Approximately 80 percent of the present hydro-
electric capacity in the basin is owned and operated
by private utilities. They supply more than 95
percent of the area load. The existing utility
plants are ordinarily on headwater tributaries using
high heads, and with little storage capacity. With
the completion of Federal plans calling for multiple-
purpose reservoirs on principal tributaries near the
foothill line, additional headwater power projects
could be constructed, with little effect on down-
stream improvements for other purposes.

Large multiple-purpose reservoirs at the edge of
the foothills would provide sufficient storage to im-
pound upstream power discharges for irrigation and
other uses downstream. Private utilities are devel-
oping certain headwater power sites and are con-
templating the use of others. Such sites are par-
ticularly valuable for peak-load use because of the
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high and nearly constant heads. Other power sites
may be related to conservation storage upstream.

Building single-purpose upstream power projects
has been proposed in some cases as a Federal under-
taking, particularly where reregulation is provided
by Federal reservoirs. The power available would
be used to firm the power output at main reservoir
plants, and for irrigation pumping. In addition to
the power benefits, carry-over of water stored in
some upstream reservoirs from wet to dry years
would tend to increase the firm irrigation supply
downstream. These upstream reservoirs in a few
cases would be the only source of water for irriga-
ble lands in mountain or foothills areas.

In cases where there are conflicts between plans
for Federal construction of such projects and plans
for construction by private interests, the following
points should be considered:

(a) The desirability of maintaining competing
sources of power supply in the region, and the
physical requirements of the competing systems.

{b) Relative incidental benefits to irrigation in
the main valley from upstream power provided by
public or private dams.

{c) The relation of the proposed project to other
facilities in a program. For instance, where a
given agency has built a key project, such as a stor-
age or regulating reservoir required to make possi-
ble the best use of downstream or upstream power
sites, it would scem logical for the same agency to
develop such power sites. Because of the close
operational relationship among some past private
developments, a single license has been considered
applicable to the storage project and the upstream
or downstream sites.

(d) The relationship of the proposed project to
the general objectives of the Federal river basin
program.

(e) The degree of fuel conservation brought
about. Either private or Federal use of a given
hydroelectric site is, in general, equally effective in
conserving fuel resources.

(f) Payment from power revenues for irrigation,
taking into account any policy changes concerning
reimbursement.

(g) The ultimate efficiency in use of the site
under plans proposed by private interests as com-
pared to the State or Federal Government.

In addition to the field of power, there also is
a definite place for participation by private enter-
prise in all other phases of water resources use and
control. These include especially the abatcment
of pollution (as by manufacturing industry) and
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in watershed management. Proper watershed
treatment cannot be achieved without material
assistance from land owners and operators.

CONCLUSIONS

Private citizens as individuals or as groups have
played an important role in the past development
of water resources. However, responsibility for
future activity must rest more heavily with public
agencies. The construction of the great multiple-
purpose projects and interbasin diversions are
clearly undertakings for Federal or State initiation.
However, local public agencies and private groups
appear to have places in future development of
irrigation, hydroelectric power, watershed manage-
ment, recreation, and pollution control. Future
concern by local agencies and private initiative will
relate to those local features which can be under-
taken without conflict with multiple-purpose use
or national power policy. This does not exclude
local participation in essential parts of major under-
takings.

The principal issue in further planning for this
basin concerns the extent to which Federal and
private agencies should participate in the electric
power production in headwater areas. In these
areas about 4.6 million kilowatts of hydroelectric
generating capacity can ultimately be added.

From the more limited point of view of conserv-
ing energy resourccs, a decision might be reached in
terms of the likelihood that private corporations
would undertake specific projects under license at
an earlier date than Federal agencies dependent
on congressional appropriations. There is no cer-
tainty as to what the answer would be, for it would
unquestionably be influenced by the extent to which
Federal agencies came forward with sound plans.
In general and over the Nation as a whole, produc-
tion of hydroelectric power in recent years has pro-
ceeded more rapidly as a part of multiple-purpose
river basin programs than was characteristic of the
single-purpose private development era. This has
not been the case generally in the Central Valley.

But there are broader considerations of the public
interest which must be taken into account. They
include the part which power will play in a well-
rounded, multiple-purpose basin program offering
irrigation benefits. Irrigation would not be finan-
cially feasible without the assistance of low-cost
power for pumping. They also include considera-
tion of the future importance of such projects as



components in the Federal wholesale power mar-
keting system. Among other things this may afford
local units of government, cooperatives, and private
systems an alternative source of power if they believe
it will better serve the public interest.

In general, unless there are strong public interest
considerations to the contrary, including the relative
efficiency of opposing plans, use of potential power
sites rendered practicable by Federal reregulating
or storage reservoir projects should be considered
as integral parts of multiple-purpose projects for
purposes of planning, construction, and operation.
Where private agencies have constructed essential
storage or reregulating reservoir projects for down-
stream power development, the construction at
undeveloped power sites should be undertaken as
integral parts of private projects, unless there are
strong public interest considerations to the contrary.
The latter may include the relative efficiency of
opposing plans.

3. Desirability or Handicap of Acreage Limitation
Laws in Irrigation Developments.

Tuae ProBLEM

The application of acreage limitation to farm
units served by irrigation developments within the
Central Valley.

THE SITUATION

A basic policy of reclamation law has been the
promotion of family-size farms. In that spirit, policy
expressed in the 1902 Reclamation Act limits irri-
gable land holdings on projects to 160 acres for any
one land owner. This has been construed to permit
320 irrigable acres to be held jointly by man and
wife. The law also does not preclude combined
farming endeavor by any number of owners, mem-
bers of a family or otherwise, so long as each owns
no more than the acreage limit for any one owner.
In effect, therefore, farms considerably larger than
160 irrigated acres may be operated as units under
reclamation law.

However, a family-size farm in reality does not
always necessarily have to be as large as 160 acres.
Soil, climate, market conditions, and other factors
vary from place to place; certain crops or types of
agriculture are better adapted to one locality than
another. Most farms in the Central Valley have
less than 160 irrigated acres, and the owners’ fam-

ilies dependent on them maintain a reasonable
standard of living. Therefore, the discussion below
relates to family-size farms, whatever acreage that
should be in a given arca, rather than to a pre-
determined size or a given number of irrigated
acres.

National policy has long recognized that family-
size, owner-operated farms contribute greatly to the
economic, social, and political stability of the
country. They are, therefore, in the public interest.
This has been stated or implied in various legislative
acts, and is an important concept in current agri-
cultural programs. Unlike other business enter-
prises where land is required merely as a site, in
agriculture land is site, production plant, and home.

As the total area of farm or potential farm land
is limited, opportunities to engage in agriculture are
likewise limited. This limitation is intensified to
the extent that individual holdings are low in num-
ber and large in size. Fortunately, except in local
areas, this has not created any real problem in this
country. But it will become a problem unless addi-
tional increments to our population can find a live-
lihood in nonagricultural pursuits.

A high efficiency of production has been a policy
in agricultural programs in the United States. In
the past the family-size farm was not entirely com-
patible with the most efficient production per
worker. Most of the early power machinery for
agriculture favored the large operator. Currently,
however, farm machinery is being designed more
and more for the family-size farm, thus contributing
to more equal production efficiency. The family-
size farm today is an efficient unit for agricultural
production.

Within the Central Valley, where new lands are
brought into cultivation and developed as farm units
through Federal irrigation works, no particular
problems will arise if the acreage limitation pro-
visions of reclamation law are applied. The pattern
of land holdings in the newly developed areas will
be one of family-size farm units.

However, the principal irrigation development
will provide supplemental water to existing irrigated
farms rather than bring in new lands. This presents
a problem of the application of acreage limitation
provisions. The pattern of land holdings is already
established in areas to be provided with supple-
mental water., Approximately 1 million acres of
irrigable land in the San Joaquin Valley which can
be served from the Central Valley Project and some
future projects are in holdings exceeding 160 acres.
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Approximately 265,000 of this million acres are re-
ported to be held by three companies, and around
650,000 of the million are in 34 holdings of more
than 5,000 acres each.

The concentration of such large areas of land in
the hands of a few owners, and the resultant limita-
tion on opportunities for owner-operated, family-
size farms and attendant social benefits, are generally
recognized to be not in the public interest. But the
question to be faced is whether or not the acreage
limitation of reclamation law is the solution. Con-
tract arrangements for the sale of water were not
concluded prior to project construction. If the
large owners do not wish to comply with acreage
limitations, and supplemental water is not made
available to them, it is possible that they will make
up their water deficit by pump irrigation, using
water derived from the supplemental surface irri-
gation. On the other hand such pumping may be
definitely limited by ground water shortages.

Application of reclamation law in those Central
Valley areas where additional supplemental water
supplies have already been developed thus is faced
with difficulties. Other means of attaining objec-
tives may have to be considered. The Tenant Pur-
chase Program of the Department of Agriculture
can be applied to financing the division of all or
parts of surplus holdings which might be offered for
sale. State legislation limiting the size of irrigated
land holdings, especially by corporations, might be
considered.

If developed water is to be made available to
acreages above the legal limitation, the public inter-
est should be protected by preventing any windfall
or speculative advantage accruing to the owner.
This could be done by making an additional charge
for those increments of water received in addition
to the acreage limitation base. Or the additional
water can be charged for at a rate which would re-
pay the Federal irrigation investment with interest.

A problem relating to ground water may develop
in connection with application of the acreage limi-
tation. With surface water supplies, the delivery of
water to excess lands can be restricted without un-
due difficulty, but such is not the case with water
used for ground water replenishment. Recent con-
tracts between the Bureau of Reclamation and
districts along the Friant-Kern Canal have per-
mitted Central Valley Project water which is sup-
plied to nonexcess lands and which unavoidably
reached the underground strata of excess lands to
be pumped by the owner of those lands.

34

CONCLUSIONS

The policy choice in this instance is not whether
the family-size farm is desirable. That is consid-
ered an appropriate and just national objective,
especially as the virtue of mechanization is now
modified by the adaptation of farm machinery to
family farm use. The promotion of family-size
farms embodied in the reclamation law is in the
national interest. No particular difficulties are ex-
pected in applying the acreage limitation law to new
lands that may be developed by irrigation in the
Central Valley. Furthermore most family-operated
farms in the Central Valley today have less than
160 irrigated acres.

The policy choice rather relates to the rigid ap-
plication of acreage limitation to already irrigated
lands for which supplemental water becomes avail-
able through projects under construction. An un-
usual situation prevails at the present time in the
Central Valley. Because of the location of irrigable
land, and established water rights, some supple-
mental water supplies, as in the Kern River area, can
be used only on certain large holdings. If strict
acreage limitation immediately is insisted upon, one
of two eventualities appears likely. Land purchase
or new legislation will be required for the division
of the large holdings, or the water will be wasted.
Where water is in such short supply and great de-
mand, waste of water cannot be countenanced.

The difficulties could have been avoided by in-
sistence upon the signing of contracts before con-
struction commenced. Since that was not done in
this case the general recommendations of the Com-
mission for this situation should be considered for
the large holdings which stand to benefit from sup-
plemental water. In this, the ultimate objective
would be the creation of family-size farms within
the holdings. For the time being, however, in order
to make the best use of land resources and water
in these areas, the water could be made available to
entire units insofar as consistent with good irriga-
tion practice.

If this is done, the public interest should be pro-
tected by preventing windfall or speculative values
accruing to owners of land holding units in excess of
family size. Such owners should be required to pay
water charges to prevent such windfall or specula-
tive advantages. Nontransferable utility-type con-
tracts for such water should be for a period of years,
subject to renewal or revision at the end of the
period.

One consideration in renewal would be the local



need for additional farms. If such need exists, this
would be taken into account when the time came
to renew contracts. Other Federal programs, es-
pecially tenant purchase loans, should be geared to
take advantage of opportunities to purchase from
large holdings and create new farms that may be
needed. Meanwhile, stimulus should be provided
in every way possible for meeting the problem at
the State level.

4. Extent of Federal Government Concern with
Pollution Control

THE PrOBLEM

The extent to which the Federal Government
should be concerned with pollution control.

THE SrruaTIiON

Pollution can affect many water uses in the
basin adversely. These include public water sup-
ply, irrigation, industrial water supply, recreation,
navigation, hydroelectric power, commercial fish-
ing, and wildlife. Approximately 60 percent of the
water supply for irrigation comes from natural or
regulated stream flow and the remaining 40 percent
from 32,000 wells.

Control of both bacterial and mineral quality of
these waters is important to agriculture. Crops
produced in the Central Valley are so widely dis-
tributed that the use of contaminated water to irri-
gate vegetables and fruits, particularly if they are
to be eaten raw, constitutes a health hazard to in-
habitants of many cities and towns in the United
States. High concentrations of certain mineral sub-
stances such as sodium and boron are harmful to
plant growth and soils.

The worst pollution conditions occur in the
Sacramento River immediately downstream from
Sacramento, and in the San Joaquin River near
Stockton. It is caused primarily by discharge of
food-processing wastes. During the peak of the
canning season the organic wastes from this process-
ing industry create a drain on the oxygen supply of
these streams,

Available data indicate that at least 73 new
sewage and industrial waste treatment plants are
needed, and that at least 53 existing treatment
plants in the valley need improvements. The cost
is roughly estimated at 30 million dollars.

In 1949 California revised existing water pollu-
tion laws and passed new legislation establishing a

State Water Pollution Control Board and nine
regional boards to coordinate the actions of the
various State agencies and political subdivisions.
Under the terms of this legislation State and local
health officials are still empowered to order abate-
ment of water pollution which creates a public
health hazard.

Control of pollution that is not related to health
hazards is vested in the nine regional boards, of
which one has jurisdiction within the basin.
These boards are empowered to make and enforce
rulings as to water conditions to be maintained in
all instances of water pollution, existing or threat-
ened. The State Water Pollution Control Board
advises regional boards, undertakes State-wide
planning with the cooperation of regional boards,
directs research, administers the State Water Pollu-
tion Control Fund, and acts as an appeal board.

Ther Water Pollution Control Act of 1948 has
established a pattern of Federal cooperation with
State water pollution control agencies. Assistance
can be provided through technical advice, research
on use and reuse of water, and loans for construc-
tion of pollution control facilities.

CONCLUSIONS

Because of the importance of water pollution
control in connection with the maximum utilization
of the water resources of the basin, the Federal
Government should maintain an active interest in
water pollution control. It is thought that for the
Central Valley, California State agencies are gen-
erally capable of assuming the main responsibility
for pollution control. However, the relation of
State jurisdiction to Federal lands, like national
parks, should be taken account of in agreements on
this responsibility,

Pollution control activities by the Federal Gov-
ernment, accordingly, should fully test the effec-
tiveness of cooperation with the State water pollu-
tion control agencies, as provided in the 1948 Water
Pollution Control Act, through adequate provision
for loans for treatment facilities.

5. The Need for a Pooled Account in Power
Planning and Administration

Tue ProBLEM

The pooling of costs and revenues of Federal
power projects in a single account for purposes of
power planning and administration,
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THE SITUATION

Power plants constructed in the Central Valley
by the Bureau of Reclamation are considered as
units in the Central Valley Project. Additional
power facilities proposed by the Bureau are con-
sidered by it to be extensions of that project. For
purposes of financial analysis and for rate making,
the costs and revenues from all units in the plan
would be combined into a single account.

For power plants at reservoir projects under
Army control, the power will be marketed by the
Secretary of the Interior under terms of the 1944
Flood Control Act.? That act provides that rate
schedules will be drawn with regard for recovering
the cost of producing and transmitting electric
energy. This method is considered applicable gen-
erally on a project-by-project basis.

Power from both Bureau of Reclamation and
Corps of Engineers projects will be marketed
through a regional transmission network which
makes segregation of power as to source imprac-
ticable. Establishment of rates on a nonuniform
basis, as might result from separate consideration
of the projects and their financial requirements,
would be undesirable and would make accounting
very difficult. Accomplishment of other phases of
power planning and administration, such as the
scheduling of new plants to supply load growth,
budgeting of funds for operation and maintenance,
and providing for modification or extension of facil-
ities, will be facilitated if Federal hydroelectric
projects are treated as parts of a single system in
accordance with the regular practice of all utility
systems,

CoONCLUSIONS

For Federal hydroelectric projects constructed in
the Central Valley, costs and revenues should be
combined in a single account for rate making and
other purposes.

6. The Use of Power Revenues, Including the In-
terest Component, in Financing Irrigation
Developments

TrE ProOBLEM

The use of power revenues, including the interest
component,* to pay for reimbursable irrigation costs.

¥ Act of December 22, 1944, § 5, 58 Stat. 887, 890, 16
U. S. C. 825s.
“ By law interest must be included in the power rate for
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Trr SiTUATION

A repayment schedule was proposed by the Bu-
reau of Reclamation for the Central Valley Project
including the recommended but not yet authorized
unit on the North Fork Kings River® The total
investment cost allocated to irrigation under this
schedule is 286 million dollars, which would be re-
paid without interest. Of this 61 million dollars
would be repaid by the water users. There would
remain 225 million dollars which would be repaid
in part from municipal water revenues ($18 mil-
lion) and in part from power revenues ($207
million). This 207 million dollars would be
provided as follows: 82 million dollars from the
interest component on the power investment
to be credited between 1945 and 1991, the period
of amortization of the power investment; 125 mil-
lion dollars from net power revenues (average 3.2
million dollars annually) after the completion of
amortization on the power investment, to be paid
between 1991 and 2015.° Repayment would be
completed by 2015.

The calculations of repayment are based on pro-
duction before 2015 of about 138 billion kilowatt
hours of firm energy at 5.1 mills per kilowatt-hour,
20 billion kilowatt-hours of nonfirm energy at 3.3
mills per kilowatt-hour, and 40 billion kilowatt-
hours of pumping power at 2.5 mills per kilowatt-
hour.

The use of the interest component and power
revenues for repayment of irrigation costs in the
Central Valley presents a different problem from
that encountered in the Columbia Basin. The
prospective power development is much smaller,
and the need for irrigation subsidy relative to the
power investment is much higher. Thus, while the
interest component would be large enough to care
for all possible irrigation development in the Co-
lumbia Basin, this would not be the case in the
Central Valley. There the interest component
would have to be used during the power amortiza-
tion period and the net power revenues thereafter
for an additional 20 years to complete repayment
of irrigation facilities.

power produced by facilities on any Federal irrigation
project. According to opinions of the Solicitor of the
Department of the Interior, under present law, the interest
component is assignable to the repayment of that part of
the estimated project cost allocable to irrigation in the
same project, and beyond the ability of the water users to
pay.

® H. Doc. No. 537, 81st Cong., 2d sess. (1950).

¢ All years fiscal.



Assuming complete amortization of the power in-
vestment in 1991, and firm power sales amounting
to about 2 billion kilowatt-hours per year, about 2.5
mills per kilowatt-hour, or roughly 50 percent of the
5.1-mill rate, would be required for an additional
20 years to meet the 125-million-dollar irrigation
repayment. Presumably, therefore, the firm power
rate after 1991 could be about 2.6 mills if no power
revenues were used to repay irrigation work.” Power
consumers in the Columbia Basin, however, would
be under no such obligation.

It is to be noted further that a 5.1-mill firm energy
rate, while much higher than rates possible in the
Pacific Northwest, is not high for California. Sale
of all energy producible from the Central Valley
Project units, including the North Fork Kings River
development,® can be considered certain at about
the 5.1-mill rate.

CONCLUSIONS

The component of the firm energy rate from
authorized and proposed Central Valley Federal
power plants, after the investment in power facilities
has been completely amortized, necessary to repay
the project costs allocated to irrigation facilities,
would be a significant part of the rate including
the interest component. This would have elements
of inequity when compared with the requirements
in basins better endowed with low-cost hydroelectric
resources.

However, in the interest of clarifying the issues,
simplifying accounting procedure, and placing all
forms of water development on a similar basis for
planning, a change in Federal reimbursement policy
is rccommended, as suggested by the Commission.®

It is recommended that for the Central Valley,
as elsewhere: (1) Payment should be required from
direct beneficiaries of water projects, consonant with
their ability to pay and in proportion to their share
of benefits. For irrigation water users, as for power
users, this might take the form of regular water
rates. (2) Every effort should be made to identify
all local beneficiaries of irrigation, as well as of other
purposes. Responsible beneficiaries, from whom
contributions may be sought, include:

(a) Water users, or their legally recognized gov-
ernmental unit, such as an irrigation district.

7 The above discussion assumes operation, maintenance,
and replacement costs at approximately the same level
used in the schedule mentioned above.

® As noted in H. Doc. 537, 81st Cong., 2d sess. (1950).

® See vol. 1, pp. 83-86.

(b) The State and its subdivisions, including
counties or municipalities in the project area; and
commercial interests, either directly or through a
legally recognized governmental unit, such as a
conservancy district.

7. Reimbursability of Allocations for Fish and Wild-
life and Recreation

Tue PROBLEM

Under what circumstances, if any, should costs
incurred to provide for fish, wildlife, and recreation
be considered nonreimbursable?

TaE SrruaTION

Each year agricultural and industrial expansion
brings about a further alteration in the valley’s fish
and wildlife habitat. Concurrently, interest in hunt-
ing and fishing is increasing. Hunting and fishing
license sales in California have shown an unprece-
dented increase in the past decade. If California’s
population continues to increase, and economic
activity continues at a relatively high level, the
demand for recreation will also increase. Hunting
and fishing are among California’s most popular
forms of outdoor recreation. To meet the growing
demands for these sports, fish and game resources
must be increased.

Similarly, participation in active recreational pur-
suits such as swimming and boating is increasing,
but available facilities fall far short of the demand.
Whenever a new reservoir is created, therefore, the
demand for its use by recreationists is immediate
and insistent. This problem has become especially
acute where bodies of water suitable for recreation
are limited.

The situation at Millerton Lake, behind Friant
Dam, is illustrative. For 4 years the lake has been
open to the public for boating, fishing, picnicking,
and swimming. In spite of the unfortunate lack of
facilities and the large drawdown, the lake attracts
a yearly attendance of some 400,000 persons. Since
1945, only $40,000 has been spent on facilities.

According to the National Park Service, which
presently administers the area, about 1.2 million
dollars of public funds for physical improvements
and $176,000 of private funds for concessions are
still needed to bring the area up to acceptable
standards.

A widespread recognition has grown recently as
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to the need for providing the maximum possible
facilities to permit adequate recreational use, in-
cluding fish and game, in connection with Federal
water projects. Although the need is recognized,
a generally accepted method for financing the re-
quired improvements has not been devised.

The Forest Service during the 1930’s constructed
small dams at the lower end of many alpine lakes
in the high Sierras with fixed small outlets to assure
a minimum continuous flow in the streams drain-
ing the lakes and to prevent the drying of the
streams during the late summer, as often happened.
Sportsmen’s organizations in the foothill communi-
ties did the work at many lakes under Forest Service
supervision.

The question of financing fish and wildlife and
recreational facilities in conjunction with Federal
water projects involves three general situations:

(a) Costs are sometimes incurred to prevent loss
and damage to fish and wildlife resources and pos-
sibly in some cases recreational values. An example
of this is the Coleman Fisheries Station, constructed
by the Bureau of Reclamation at a cost of 1.6 mil-
lion dollars, one of the functions of which is to
reduce salmon losses occasioned by construction of
Shasta Dam.

(b) Benefits are sometimes obtained from en-
hancement of fish and wildlife and recreational
values. In some instances such benefits will accrue
incidentally from the construction of a project. An
example is the case of Monticello Reservoir (Solano
Project) in which the potential value of the fishery
in the reservoir is greater than the fishery damage
caused by the project. Another example is the
improvement of upland game environment, as for
pheasants, when an area is brought under irrigation.
In other cases, however, it will be necessary to pro-
vide additional facilities in order to realize the bene-
fits, as at Millerton Lake, discussed above, or at
Folsom Reservoir. Frequently, the total benefits
will exceed the cost of the additional facilities, in
which case it might be found that a portion of the
benefits could be considered attributable to the
reservoir itself.

(¢) Recreation in some instances may be estab-
lished as one of the major project functions. There
are no examples of Federal expenditures on this
basis in the Central Valley, but in the adjoining
Russian River Basin, a project has been authorized
for construction by the Corps of Engineers which
would be operated largely for recreation.
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CoONCLUSIONS

In the first situation, where costs are incurred in
preventing losses to fish and wildlife, the Bureau of
Reclamation under present law is able to consider
them nonreimbursable. The Corps of Engineers
has no legally defined responsibility in this regard,
but its gencral practice has been to consider them
regular project costs. If such costs are incurred on
behalf of a flood control or navigation project, they
would, in effect, be nonreimbursable, but if an allo-
cation is made to irrigation or power, a portion of
the fish and wildlife cost would become reim-
bursable,

There appears to be both logic and equity in
considering the cost of preventing fish and wildlife
losses as legitimate reimbursable project costs.
Fish and wildlife might be considered an existing
value or facility, similar to a farm or a road, for
which compensation or replacement is necessary.
However, in some cases it may not be physically
possible to maintain fish and wildlife, In other
cases the cost may far exceed the values that would
be preserved. Judgment might be used in such
instances in determining how far to go, and it may
be necessary sometimes to consider the losses simply
as a project detriment, to be subtracted from bene-
fits in determining economic justification.

In the second situation, where fish and wildlife
and recreational values are enhanced, and the pro-
spective benefits equal or exceed the cost of the
special facilities, their addition to the project may
be considered justifiable. Any excess in the total
amount of such benefits over the costs of the special
facilities would be reasonably allocable to the joint
costs of the reservoir or other works on the same
basis as allocations to irrigation, power, flood con-
trol, and other purposes served by the joint facili-
ties. The reimbursement of such allocations of
cost for recreation and for fish and wildlife, with
respect to both special and joint facilities, should be
placed on the same basis as the reimbursement of
costs allocated to comparable purposes. Inasmuch
as the recreation and fish and wildlife benefits ac-
crue to individuals within a wide segment of the
population, it would be in accord with present
practice to treat the entire allocation to such pur-
poses as nonrelmbursable.

If present policies, however, were modified to
bring about reasonable and practicable reimburse-
ment from identifiable beneficiaries, then return of

* a reasonable portion of the recreation and fish and

wildlife allocations likewise might be sought. A



policy of free public access to public facilities would
seem desirable, with reimbursement sought through
devices such as increased concession fees, leases for
appropriate private development, and the like.

Two special circumstances may be noted about
allocations to fish and wildlife and recreation: (1)
Although recreational opportunities at multiple-
purpose reservoirs in the Central Valley are of less
than national significance, certain of the facilities
can be built, and most of them operated, by State,
county, or local interests. Reservoirs in or adja-
cent to a national forest are exceptions, as the
Forest Service would be the logical agency to man-
age those facilities; (2) the benefits from fish and
wildlife and recreation are difficult to estimate;
consequently, it is important that the benefit evalu-
ations and especially allocations of joint costs be
realistic.

In the third situation, establishment of recreation
as a major project function, no proposals have been
made to consider recreation for any Central Valley
project. If such a situation should arise, it would
probably be at the specific request of a locality and
would be of particular benefit to that area, in which
case the appropriate costs should be reimbursable.

SuMMARY

(1) If fish and wildlife and recreational facili-
ties are to be incorporated in plans for water pro-
grams, an accepted method of financing should be
adopted.

(2) Despite certain current legislation permit-
ting nonreimbursable allocations for costs incurred
to prevent loss and damage to fish and wildlife, it
would appear more logical and equitable to consider
such costs as legitimate project costs, to be charged
against the primary purposes for which the project
was built.

(3) Costs should be allocated to fish and wildlife
and recreation for enhancement of those values,
including as appropriate both special single-purpose
costs and allocation of joint facilities. Reimburse-
ment of such joint allocations should be on the
same basis as reimbursement of other single-purpose
costs.

(4) States and local interests should assume their
appropriate share of the responsibility for the facili-
ties and management of fish and wildlife and recre-
ation which are local in character.

(5) If recreation is established as one of the
major project functions at the request of local in-
terests, the costs should be reimbursable.
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8. Reimbursement to the Federal Government for
Ground Water

Tuae PROBLEM

At present the Federal Government is fully or in
part repaid by the water users for the cost of irriga-
tion facilities, through contracts with irrigation
districts. Present practice cannot apply to water
obtained from replenishment of underground stor-
age, where anyone can obtain it by pumping, and
under State law, would have a right to it.

THE SITUATION

No method of reimbursement for replenishing
ground water supplies made possible by Fedecral
projects has been developed. For example, in-
dividual districts purchasing water from the Central
Valley Project may find that after water enters the
underground strata, it escapes from the district
and benefits an adjacent area.

The seriousness of this problem varies with local
situations. Generally speaking, water moves very
slowly underground. If the contracting district
is of reasonable size and lies over a ground water
basin that is reasonably confined, the chances are
that only relatively small quantities of water will
escape. 'The amount of escape can be partially con-
trolled by installing wells near the district bound-
aries, and this is presently practiced in a few areas.
An individual district that is losing water on one
side also may find that it is gaining water from
another.

Under California law, the use of ground water is
subject to the doctrine of correlative rights, which
recognizes equal rights on the part of owners of over-
lying lands to the reasonable use of the water in the
common underground basin. When the supply is
insufficient for all, each is entitled to a fair and just
proportion, which the court has the power to deter-
mine. Thus a means of controlling the excessive
use of ground water exists.

However, such an apportionment of ground
water has been made in only a limited number of
cases in California, and in no known cases in the
Central Valley. So far the proposed solution to
overpumping in the Central Valley has been to
import additional water for additional surface use
and ground water replenishment, and in that way
eliminate the overdraft. Present indications are
that the ultimate water needs of the basin as a
whole can be met by full development of the avail-
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able water resources within the basin and possibly,
if necessary, through importations from the north
coastal streams of California.

Problcms have arisen as to how much water
should be released from reservoirs in order to satisfy
prior water rights which are dependent on ground
water replenishment from the stream channel. The
Solano Project is an example of this. Such prob-
lems often lead to considerable controversy because
of the difficulty of determining how much water the
ground water reservoir previously received from
the stream, and the extent of ground water replen-
ishment after the project is built. This is essen-
tially a technical problem which must be met on an
individual basis in local areas.

CONCLUSIONS

An appropriate solution of this problem might be
through a Federal Government contract with the
State or a legal subdivision of the State, such as a
conservancy district, which can collect special ad
valorem taxes, and turn them over to the Federal
Government in payment for ground water recharge.

B. Conlflicts in Beneficial Use

1. Conflicts of Fishery, Wildlife, and Recreational
Interests with Other Water Developments

TuE PrROBLEM

Can fishery, wildlife, and recreational interests
be made compatible with full use of water resources,
and what principles should prevail in resolving
conflicts?

Tue SITUATION

Water projects in the valley affect valuable fish
and wildlife habitat. These projects are harmful
where favorable habitat and spawning grounds are
destroyed, when runs of anadromous fishes are pre-
vented from reaching their spawning grounds,
where fish and fish eggs are lost in irrigation and
power diversions, and when the entire flows of
rivers are diverted from their natural channcls.
They are harmful where some wildlife habitats are
inundated, where marshes are drained, where dras-
tic fluctuations in water level preclude the growth
of aquatic foods for waterfowl, and where watcr
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exchanges damage or destroy existing limited water-
fowl wintering habitat.

Water projccts can be beneficial when they main-
tain larger summer flows in the natural stream
channels and reduce water temperature down-
stream from the reservoirs. Fish may thrive under
such conditions. Releases during critical periods
can also benefit fish greatly. The fishery values of
reservoirs themselves may or may not be equal in
value to the stream habitat inundated by the
reservoirs.  Water projects can be beneficial by
providing needed water to waterfowl refuge and
management arcas, by allocating some reservoir
capacity to use for fish and wildlife, by manipulat-
ing water levels for their benefit, by planting appro-
priate plots and strips of food and cover for wildlife,
by fencing select areas from livestock, and taking
other desirable measures.

One of the important problems to be solved in
maintaining fish and wildlife resources is that of
providing water for their use. In many localities
both reservoir relcases to stream channels for fish
and water for watcrfowl areas can be provided from
existing and proposed water projects without undue
cost and without seriously jeopardizing other proj-
ect functions. Elsewhere, particularly in the San
Joaquin Valley where water supplies are limited,
adequate water for fish and wildlife often can be
provided only at great cost or by reducing irriga-
tion or power benefits.

Furthermore, the California water code declares
it “to be the established policy of the State that the
use of water for domestic purposes is the highest
use of water and that the next highest is for
irrigation” (sec. 106). Any rights acquired for
recreation and fish and wildlife will therefore have
lower priority than irrigation requirements, and in
cases of extreme water shortage the amount of
water available to them may be curtailed.

No commonly accepted criteria have been de-
veloped for determining the extent to which water
should be allocated to fish and wildlife in competi-
tion with other uses. Monetary evaluations of the
relative worth of water for fish and wildlife as
compared with irrigation are unsatisfactory, pri-
marily because of the difficulty in making the
evaluations on a comparable basis.

The problem of maintaining permanent pools for
recreation purposes has appeared within the last
few years. Past discussions between recreation and
conservation interests suggest that serious conflict
will not develop on reservoir projects where cyclic
storage is the rule or where a minimum pool is to be



maintained for power production. However, a
potential conflict is developing on certain reservoir
projects (Pine Flat and Isabella in particular)
where only seasonal storage is contemplated, and
the reservoir will be emptied practically every
year and sometimes will remain empty for extended
periods. Agricultural interests desire to utilize the
full reservoir capacity and all of the water supply
for irrigation, on the grounds that one-half of the
project cost was paid by the State and that they
pay one-half of the cost of upkeep and operation.
Recreation interests on the other hand desire the
maintenance of a permanent pool.

Fishery interests have objected to the proposed
Table Mountain Dam because of potential damage
to salmon. If the dam were constructed, salmon
would be excluded from some of the best spawning
grounds in the upper Sacramento Basin. The State
director of natural resources has also suggested that
approval of the Yuba River projects be withheld
until the Corps of Engineers has proven its interest
and ability to care for migratory fish. The fish
ladder on the Daguerre Dam is inadequate, and
thus far no provision has been made to correct it.
The State has also pointed out that rocky spillways
like those at Keswick Dam should be avoided.

A frequent conflict in water development pro-
grams is that of marsh drainage and its effect on
migratory waterfowl. Extensive areas of marsh-
land have been reclaimed for agriculture. Much of
the San Joaquin Valley and the rice-growing areas
of the Sacramento Valley was formerly marsh-
lands. Recently, in connection with the Yolo-
Solano Project, some consideration was given to
draining a portion of the Suisun marshes. The
marsh area consists of about 43,000 acres, 10,000 of
which are in State-owned wildlife-management
areas. No definite recommendations for drainage
of any of this marsh area have been advanced.

The problem of preserving fish and wildlife re-
sources in many cases involves more than installing
protective devices or modifying operational criteria
on Federal water projects. For example, many
small salmon migrating down the Sacramento
River after the spawning season are lost through
unscreened diversions. The responsibility of con-
struction agencies to take appropriate measures for
maintaining fishery values is generally recognized,
but the fishery interests have an equal responsibility
for seeing that the fish thus saved are not later
destroyed or damaged through other circumstances.
The same general principle applies to wildlife.

CoNCcLUSIONS

(1) 1If the fish and wildlife resources of the basin
are to be safeguarded and perpetuated, steps must
be taken to prevent harmful effects and to improve
conditions where feasible, in order to offset adverse
effects.

(2) Water control projects should, insofar as
possible, be planned and operated in such a way as
to provide maximum benefits for fish, wildlife, and
recreational uses.

(3) Where construction projects would conflict
with important fishery, wildlife, or recreation in-
terests, the projects should be deferred as long as
feasible and appropriate investigations made of pos-
sible alternative sites. )

(4) State and local interests should recognize
their responsibility, along with the Federal Govern-
ment, to see that maximum fishery, waterfowl, and
recreational values are obtained from water proj-
ects, and that fish and wildlife habitat is protected.

(5) Where conflicts between fishery or recrea-
tion use and other types of use cannot be resolved,
the decision should be made on the basis of greatest
beneficial use to the public.

2. Principles for Planning and Construction of
Facilities in Areas Previously Dedicated to
Scenic Values

Tur ProBLEM

Where previously accepted scenic values, like
those of national parks, are in conflict with use of
water resources for other purposes, what principles
should prevail in resolving such conflicts?

Tae SIiTUATION

Central Valley water projects are gradually press-
ing upon areas that because of their scenic or rec-
reation values have been set aside for public
enjoyment.

The problem of encroachment on scenic areas
was an important issue some years ago in connection
with the construction of the Hetch Hetchy Project
within Yosemite National Park. The Hetch
Hetchy Valley was held by many to have scenic
values equal to Yosemite Valley, yet scenic values
were held to be a lesser use, and the Hetch Hetchy
facilities were constructed. Each year hundreds
of thousands of people visit Yosemite Valley. If
the Hetch Hetchy Valley had not been used for
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reservoir purposes it could have afforded relief for
the present unsatisfactory conditions in Yosemite.

Recently proposals have been made for the study
and possible use of the power resources in Kings
Canyon National Park. The Department of the
Interior, in carrying out the law ™ and intent of
Congress is opposed to encroachment by water
projects in that park.

The preservation of primitive country for en-
joyment of wilderness recreation is an established
policy of the Forest Service in administering the
national forests. Some of the better known of these
wilderness areas are Kings River, Upper San Joa-
quin, Emigrant Basin, Desolation Valley, and South
Warner Mountains.

Two threats to this program are presently be-
yond the control of the Forest Service or the
Secretary of Agriculture. First, since those areas
are in lands withdrawn from the public domain
for national forest purposes, they are subject to
mineral location under the mining laws. Second,
water impoundments may be planned for national
forest lands, including these wilderness areas.

CONCLUSIONS

A resolution of conflict between park and wilder-
ness areas on the one hand and proposed water
projects on the other is desirable. All factors in-
volved at any location where a conflict develops
should be studied. The study should include full
consideration of alternative project locations, alter-
native opportunities for equal recreation and scenic
attractions, and the possibility that reservoirs may
not impair but may actually increase the recrea-
tional value of an area.

In general, the following principles are con-
sidered applicable to the Central Valley:

(1) Where the area has unique scenic, inspira-
tional, or scientific values, it should not be adversely
affected.

(2) Developments in conflict with scenic areas
of a lesser order should be deferred as long as
equally feasible alternative projects are at hand for
the same use.

(3) The presence of a large and growing popu-
lation, and the general physical attractiveness of
the State for visitors, create needs which give an
importance to social benefits of park and wilderness
areas beyond that in most other regions.

(4) Mining laws should be revised to prevent

® Act of March 4, 1940, 54 Stat. 41, 16 U. S. C. 80.
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mineral entry on public lands when such entry will
be used for purposes that would destroy the public
or scenic values of an area.

(5) Final determination of ultimate use should
be on the basis of highest beneficial use.

3. Inundation of Facilities of Established Enter-
prises

THaE PROBLEM

Factors to be considered where proposed reser-
voirs would inundate valuable lands or established
improvements.

THE SITUATION

This problem arises in most water resources pro-
grams throughout the country. The Central Val-
ley is no exception. However, the problem thus
far has not caused serious difficulty in this region.
The number of people involved is not great and
their relocation usually is relatively simple. Some
cases have been deferred for future reconsideration.

A typical case of the latter kind is illustrated by
the authorized multiple-purpose Iron Canyon
(Table Mountain) Project on the Sacramento
River downstream from Shasta Dam. The reser-
voir would inundate a large area of agricultural
land. Local interests are strongly opposed on the
grounds that land inundation would reduce income
to the area and at the same time increase taxes on
adjacent lands. In view of this opposition, together
with opposition from fishing interests, investi-
gations were made to determine whether a com-
bination of smaller reservoirs on tributary streams
could be economically substituted for storage at the
Iron Canyon site. It was found that the cost of
equivalent storage on the tributaries would be con-
siderably greater than the cost of Iron Canyon
Reservoir, and would not be justified. However, a
leveed bypass in upper Butte Basin would provide a
considerable portion of the flood protection which
would be provided by Iron Canyon Reservoir.
This project now has been authorized for construc-
tion. As a result the Iron Canyon Project has been
deferred.

Other examples of this problem are on the
Tuolumne and Stanislaus Rivers, where reservoirs
have been built by local irrigation districts for irri-
gation and power. On the basis of increased de-
mands for water and power it appears that much
greater reservoir storage capacities are justified on
these streams than are now provided by the Don



Pedro and Melones Reservoirs. However, the most
economical sites for such additional storage are at
or very near the sites of the existing projects, and
the authorized New Don Pedro and New Melones
Reservoirs would inundate and render totally use-
less the existing dams.

It should be noted that the New Don Pedro
Project is primarily a local interest project, with the
Federal Government contributing financially on the
basis of the flood control benefits to be provided.
Although no express opposition to the inundation
of these established enterprises has developed, the
situation clearly points out the necessity for a
thorough consideration of the positive and negative
benefits involved.

In the investigation of reservoir sites on streams
in the Central Valley other similar situations have
arisen. The authorized New Hogan Project on the
Calaveras River involves the same considerations as
the New Don Pedro and New Melones Projects, al-
though in this case the existing project is a single-
purpose flood control reservoir built by Stockton.
The proposed Monticello Reservoir on Putah Creek
would inundate agricultural land and is objected
to by some local interests for this reason. In some
cases mineral resources have been involved in the
consideration of reservoir sites, but these cases have
not been very important. In the majority of reser-
voirs proposed for ultimate construction the lands
to be inundated are relatively unimproved.

Reservoir projects sometimes have an adverse
effect on land transportation facilities. Relocation
of railroad lines may require costly bridges or less
desirable alinement with increases in distance.
Highway facilities also may present difficult prob-
lems. For example, the Terminus Reservoir will
affect the Sequoia Park approach road. The new
road will be much longer, and will have much more

curvature and a lower design speed than the present

road.

The San Luis Reservoir would flood part of State
Route 10, a principal commercial route between
San Joaquin Valley and lower San Francisco Bay
area. This highway has two lanes but must be ex-
panded soon. Grading for multilane construction
on its original location would be a minor item,
whereas relocation skirting the reservoir requires
expensive support on hillsides or costly fills on the
edge of the reservoir. The latter is characteristic of
most forced relocations.

Thus an existing highway within a reservoir site
occupies the location most favorable for present and
future traffic needs. Relocation involves an alterna-

tive position less advantageous in obtaining desir-
able alinement and gradient standards, and ade-
quate construction and maintenance provisions. In
such cases, the State division of highways holds
that wherever a State highway is affected by a
water resources project the highway should be re-
placed by one of equal utility at no cost to the
highway department. However, such replacement
does not reimburse the highway agency for other
costs added by relocation to future highway expan-
sion.

Even though full compensation, including main-
tenance, could be arranged, the problem remains
as to whether it is good economy to provide for
reconstruction of the road to ultimate standards
simultaneously with the relocation.

Land-managing agencies, such as the Forest Serv-
ice, need to keep abreast of plans for water projects
so that they may coordinate their transportation
plans with those of the water-developing agencies.
A coordinated road development program to serve
all foreseeable needs such as recreation, timber ac-
cess, power developmerit, fire control, and the like
is in the public interest.

CONCLUSIONS

The problems associated with the inundation of
lands and improvements by reservoir impoundment
in the Central Valley indicate the need for:

(1) As realistic an appraisal of the values of
inundated properties as is possible. Such appraisals
should take full account of the earning or producing
power of lands and improvements.

(2) A sound estimate of the benefits from the
project which would compensate for the losses to
local activities.

(3) Attention to the desires and views of locally
affected interests.

(4) The dissemination of full information on the
objectives and future accomplishments of the
project.

(5) Exploration of the desirability of requiring
beneficiaries to reimburse local governments for
taxes lost as a result of inundated properties.

(6) Recognition of the peculiar problems arising
out of the forced relocation of highway and railroad
facilities by bringing agencies with responsibilities
for transportation facilities into planning for water
resources at an early stage.

(7) Through investigation of alternative sites
or means of accomplishing project purposes.

If these elements of controversy have been fully
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taken into account there should be no serious diffi-
culty in resolving them.

4. Conflicts between Upsiream and Downstream
Interests

TuE PrROBLEM

Resolution of conflicts between upstream and
downstream water users.

TuE SrTuarioN

This problem relates principally to the use of the
water resources for domestic and irrigation pur-
poses, but also is concerned with the use of water
for waste disposal.

In the Central Valley, the principal issue of the
conflict has been expressed in terms of reserving
water for beneficial use in the areas on which it
originates, the so-called counties of origin. The
California water code states a policy that a water-
shed or area in which water originates should not
be deprived of the prior right to all of the water
reasonably required for beneficial purposes in that
area. In effect this code also says that these up-
stream areas are entitled to an adequate water sup-
ply in conformity with the State Water Plan. The
accepted principle is that only surplus water can
be exported. However, in many cases these areas
of origin lie above the most economical reservoir
sites, which are generally at the foothill line and
which are used before more expensive upstream
sites. Irrigation development on the valley floor
has been more rapid than in the foothill and moun-
tain areas for this reason, but upstream develop-
ment also has been retarded because rainfall is
greater and the land is sloping.

This foothill area, especially in the Mother Lode
country on the west slope of the central Sierras, is
particularly concerned. Here highly valuable de-
ciduous fruits and vegetables can be grown in a
cooler climate than is found in the valley. Al-
though the Bureau of Reclamation estimated some
350,000 acres in the foothills, of which about
200,000 acres are currently irrigated, the State
estimated an ultimate irrigation of some 1.6 million
acres requiring over 2.5 million acre-feet of water.
The State estimate was made “without test of
economic feasibility.” Presently irrigated lands in
the foothill area obtain water through old placer
mining ditches. Future irrigation there will be
more costly because new ditches will be needed and
reservoirs required to provide hold-over storage.
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The recent congressional authorization of the
Engle Act™ tied the upstream Sly Park develop-
ment to the Folsom Project, and added both units
to the Central Valley Project. The Sly Park unit
would provide a municipal water supply and irri-
gation water supply for about 7,350 acres in the
foothills east of Folsom. Because the cost of this
unit exceeds the repayment ability of the water
users,’? it is proposed to repay part of the cost of
the Sly Park unit from Central Valley Project power
revenues.

Another illustration is presented in the case of
the proposed transfer of water from the Sacramento
River Basin to the San Joaquin River Basin under
the initial Central Valley Project. Such a transfer
was proposed on the basis that the available water
supply in the Sacramento Valley exceeds its ultimate
requirements, leaving a surplus for the San Joaquin
Valley. It was contemplated that Shasta Reservoir
would be used partly to meet the needs of the Sac-
ramento Valley but principally for the San Joaquin
Valley, and that additional reservoirs would be
constructed later to meet the full Sacramento Valley
demands. However, recent irrigation development
in the Sacramento Valley has been more rapid than
was anticipated, and water users in this locality
now are of the view that their present full demands
should be met from Shasta and other reservoirs
before any water is exported. The proposed ini-
portation of water from streams outside the basin,
such as the Trinity, Klamath, and Eel Rivers, in-
volves problems of the same type.

CONCLUSIONS

Procedures for estimating the ultimate beneficial
needs of an area and allowing for such ultimate
use in determining the amount of water available
for export to other areas seem logical. However,
such estimates necessarily have limited accuracy
and must be accompanied by sound judgment, tak-
ing into account local conditions. Moreover, the
opportunities for economical use of a limited water
supply in either upstream or downstream areas
should be weighed carefully in preparing plans for
comprehensive use of water resources in the Central
Valley.

State and other local interests appropriately can
take an active part in these determinations, in view

* Act of October 14, 1949, § 2, 63 Stat. 852,
 Project benefits, however, are estimated by the Bureau
of Reclamation to exceed project costs.



of the water right questions involved and the intra-
state character of the problems. Proper attention
to the timing of new water projects in accordance
with demand also can assist. In attempting to solve
these problems by including upstream projects in
comprehensive plans, individual justification of
each element of the plan should be required.

5. Extent of Conflicts between and Associated with
Domestic, Irrigation, Industrial, and Other
Water Uses.

THE PROBLEM

The extent to which various water uses conflict
with one another.

THE SITUATION

The high rate of pumping of ground water has
lowered the water table in some areas, resulting in
increased pumping costs for domestic, irrigation,
and industrial ground water supplies. Overpump-
ing of ground water for one usc results eventually
in an inadequate supply for other uses. Overpump-
ing problems exist, particularly in the southern San
Joaquin Valley, and these especially in the area
south of the Kaweah River on the east side, and in
western Fresno County on the west side. The water
table has dropped in some areas approximately
300 fect in the last 30 years, and continues to drop
about 10 feet a year.

The use of return irrigation water increases hard-
ness and other dissolved mineral matter in the
lower portions of the strcams of the basin and
thereby impairs the quality of water for domestic
and industrial use available from these portions of
the streams.

Placer mining and gold dredging operations have
an adverse effect on recreational use of streams in
the vicinity of mining operations because of sedi-
ment washed into the streams. Rivers affected are
the upper and central Yuba and American and the
lower Feather, Stanislaus, and Tuolumne. In-
creased turbidity reduces recreation values generally
and has an especially adverse effect on sport fishing,

The city of San Francisco diverts a portion of
the flow of the Tuolumne River from within the
Yosemite National Park for municipal use and
claims a right to 400 million gallons a day. The
East Bay Municipal Utility District, including Oak-
land, Berkeley, and adjacent cities and communi-
ties, diverts water from the Mokelumne River and

claims 200 million gallons per day. As these munic-
ipalities grow they are likely to need the full
amount of their claims. The requirements of the
cities and communities within the basin also are
increasing and are likely to conflict with such use.

Use of the Sacramento River in the vicinity of
Sacramento and the San Joaquin River at Stockton
for the transportation of untreated or inadequately
treated waste affects the quality of the downstream
water for almost all other uses. Using coliform
organisms as an index of pollution, surveys of these
streams have shown excessive sewage organisms over
12 miles below these cities. Unless adequate waste
treatment is provided this problem may become
critical.

CONCLUSIONS

(1) Ground water resources in the basin should
be protected from overdraft by State regulation and
by the application of conservation measures. Re-
search aimed at water reclamation, reuse, and
ground water replenishment should be encouraged.

(2) Control of water pollution resulting from
the discharge of inadequately treated municipal and
industrial wastes, including placer mining debris,
should proceed as rapidly as possible.

(3) The conflict between irrigation and domestic
and industrial water use which results from water
quality impairment in the lower streams as a con-
sequence of return irrigation water is believed to be
of only minor importance. While water quality for
domestic and industrial use is made less satisfac-
tory, it can be corrected by water treatment. Bene-
fits derived from irrigation far exceed any increase
in water treatment costs which are made necessary
by irrigation usage.

6. Placer Mining Activities in Relation to Water
Resources Development

THE PROBLEM

Measures, if any, required to control placer min-
ing activities, and extent to which mining interests
should participate financially in control works.

Tue SiTuaTIiON

The discovery of gold in California was primarily
responsible for the early development of the State,
and gold mining was a very important activity for
many years. Quantities of gold existed in alluvial
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deposits, or placers, and hydraulic mining methods
were extensively used. The streams of the Central
Valley supplied water required in the placer opera-
tion, and also carried away the waste gravels after
the gold was removed. Huge quantities of debris
were thus moved downstream, and were deposited
in the channels and irrigation canals. Valley in-
terests obtained injunctions in 1884 which pre-
vented deposition of debris in stream channels
because of damage to navigation and farming.

In 1893 Congress created the California Debris
Commission, an organization under supervision of
the Chief of Engineers, to permit resumption of
hydraulic mining under regulated conditions. The
functions of the Commission include administra-
tion, planning, inspection, and the issuance of per-
mits, as well as construction of debris control
projects. Six such projects have been authorized
to date and four of these, the Daguerre Dam, Yuba
River restraining barrier, Englebright Dam (Yuba
River), and North Fork Dam (North Fork, Amer-
ican River) have been constructed. The two re-
maining authorized projects call for the construction
of debris dams on the Middle Fork of the American
River and on the Bear River. Because of changed
conditions, these latter two projects will be re-
analyzed. The four constructed projects are satis-
factorily preventing hydraulic mining debris from
passing into downstream channels where it would
be detrimental to navigation, flood control, and
other stream uses.

A problem has arisen as to repayment by mining
interests for the services provided by the projects.
Originally the legislation provided for collection of
a 3-percent tax on the gross proceeds of each mine
using the facilities. However, subsequent legisla-
tion substituted an annual tax per cubic yard of
material mined, such tax to be determined on the
basis of the capital cost (without interest) of each
dam or other restraining works and the total storage
capacity provided

Hydraulic mining activities in California have
materially declined in recent years because of un-
favorable economic conditions and because of in-
adequate water supply. As a result, the amount
of debris stored behind the Englebright and North
Fork Dams, completed about 1940, is small, and
mining interests have repaid very little of the cost
of these structures. The projects have limited use
for other purposes because of their small capacity
and their location. The head created by Engle-
bright Dam is used for power generation by the
Pacific Gas & Electric Co. under license from the
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Federal Power Commission. The State paid one-
half of the costs of the Daguerre Dam Project. If
other structures are necessary, debris storage can
be made a function of some multiple-purpose
projects.

In numerous agricultural areas gold has been
found in quantity sufficient to warrant dredge
mining. In this operation old river wash material
is dredged from as deep as 50 feet. In the process
boulders and other rock materials are left on the
surface, the soil completely disappearing. Great
windrows of uscless boulders and rock mark the
destruction of the basic soil resource. In some
cases these rock piles have been partially leveled
and planted to fruit trees, but with indifferent
success. It is estimated that 57,870 acres of land,
of which 36,560 formerly had agricultural value,
have been dredged in the basin. Considering the
present plans for extending irrigation the once
cultivable land lost may be as much as 38,000
acres.*®

CONGLUSIONS

Damage to downstream channels from hydraulic
mining activities in the Central Valley no longer is
important. A large part of this formerly serious
problem has been reduced by State and Federal
regulation and by the construction of debris control
projects.

However, a problem of recapturing the Federal
investment for completed projects exists because of
a decline in hydraulic mining operations in recent
years. ‘The contract terms practically preclude
any solution. Future projects should be based on
more realistic repayment arrangements, with min-
ing interests at least sharing the risk of an idle
investment. The possibility of combining projects
for debris control with projects for other purposes
should be fully considered.

The continued operation of gold-mining dredges
is destroying some valuable agricultural land.
Although the mining companies pay for such land it
is questionable that in a region of such potential
high agricultural development and productivity,
the permanent withdrawal of such land from crop-
land agriculture uses is desirable land policy. In
any event, the companies should be required to
return the lands to a productive qr beneficial use,
including such uses as forest or pasture, where
original conditions did not favor cropping. Con-
sideration should be given to the requirement of

* Estimate of the U. S. Department of Agriculture,



bonds from the companies to accomplish these
purposes.

Consideration also should be given to control of
debris which was placed in stream channels by
earlier uncontrolled mining operations, and is now
moving slowly downstream as part of rivers’ bed
load.

7. Mining Claims on Public Lands

TuE PROBLEM

Action required to prevent the validation of
fraudulent mining claims on public lands.

THE SITUATION

Fraudulent mining claims often are made on’

public lands. The real purpose of these claims is
to acquire recreation sites at cascades, waterfalls,
and the like and minor reservoir sites for watering
livestock, and to obtain control and eventual land
ownership. Legislation also has been sought allow-
ing unrestricted location of claims in water power
withdrawals.

The location of mining claims for nonmining
purposes, even though such claims later may prove
to be invalid, has been erroneously blamed on the
mining industry. Because so much of the land in
the basin contains some mineral value, it has been
possible to push some mining claims through to
patent even though the claimant had no interest
in the mineral values and later did not use the land
for mineral production.

Of 390 entries patented on national forest land
in the basin over a 10-year period, only 120 actually
produced minerals, and 71 were worked part-time,
with little apparent mining interest. The remain-
ing 199 entries can only be classified as fraudulent.
They were used as follows:

2—subdivided for summer homes.
29—timber cut, no further use.
25—commercial (resorts, stores, gas stations, etc.).
26—summer residences.

9—agricultural.
72—no use, some timber cut, property for sale.
36—miscellancous (none associated with mining).

The area covered by the above entries varied from
20 to 1,968 acres; the total for all uses was 59,000
acres.

In addition there were 265,000 acres of “live” but
unpatented mineral claims in the national forests

* Source: U. S. Forest Service.

of the basin, amounting to 3.4 percent of the total
national forest area.

Of the claims patented in other years than the
390 discussed above, the following disposition is
recorded : ™

Total Entries

Type of development number w;frtl;;:d

of entries patent

Gold claims:

Lode.....covveuieiinannn.. 158 89
Placer................ ... 216 79
(0103 o) o7 S 7 4
Industrial minerals............. 46 13
Feldspar.................. P 4 0
Borax........oovviiiiiiinnn, 4 0
Building stone. ................ 5 0
Limestone...............ccoun. 10 3
Clay....coviiiniiiiininiennnss 10 0

The gold claims produced an average of about
$53 worth per claim. In one year (1939), the gold
production per acre was $5.48.

CONCLUSIONS

Inasmuch as provision is made in other laws for
acquiring or leasing public lands for a number of
purposes, there is no reason for misuse of the mining
laws to obtain land for other purposes. Mining
laws require revision in order to prevent such abuse
and to promote sound resources use in the basin and
in other parts of the Nation. Revisions in the laws
also are necessary to protect and encourage sound
and legitimate mineral development, using modern
techniques in such manner as to be consistent with
the best use of all natural resources.

8. Extent to Which Flood Plain Zoning Is Prac-
ticable

Tue ProBLEM
The practicability of flood plain zoning in the
valley to prevent flood damage.
Tue SrruatioN ¥

Flood plain zoning is a measure for preventing
flood damage through control of land use in areas

® For a more extended discussion of flood plain zoning

problems and possibilities see Flood Plain Zoning, Cali-
fornia State Planning Board, 1942, 43 pp.
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subject to flood. Its application may range through
a wide variety of regulations, depending on the de-
gree of the hazard and the probable use which
might be made of the hazardous area if unrestricted.
Minimum zoning regulations require only a notice
of the flood danger. Where the hazard is great,
zoning regulations may be applied to exclude build-
ings for residential or other uses, and all structures
susceptible to flood damage. In some cases, zoning
regulations may prescribe methods of building con-
struction, and limitations on occupancy and use.

As the zoning principle is based on preserving the
health, safety, and welfare of a community, its le-
gality turns on the police powers of a local govern-
mental unit, to preserve the welfare of its citizens.
Zoning must be defined in such reasonable terms as
may be necessary for that purpose in each locality
where it is applied.

The primary advantage of flood plain zoning is
its low initial cost as compared to the cost of posi-
tive flood protection methods. It also has the ad-
vantage of preventing slum types of building in
areas where the recognized flood hazard precludes
construction of a more substantial nature. Also it
may be found of value to preserve areas for planned
industrial or other higher type of use at the time
such uses together with more positive flood protec-
tion become economically warranted.

An important use of zoning regulations is to pre-
vent encroachments on stream channels and flood-
ways. The selection of flood control capacity in a
reservoir is based in part on the maximum release
the downstream channels can carry with safety. A
diversion dam or other obstruction could serve to
decrease the channel capacity and impair the reser-
voir operation. Floodways riverward of a levee
and providing local flood protection should remain
unobstructed to carry the flood flows for which the
levee heights were designed. Only flood easements
are obtained in the majority of cases, and the right
to plan structures in the floodway is not precluded
unless clearly made a condition of the easement.

Fee-simple ownership of the floodway lands
would prevent encroachments. Even under fee-
simple ownership by a local agency, laxity or local
pressure for a conflicting improvement may allow
obstructions to be placed in a floodway. A require-
ment for establishing and enforcing local zoning
regulations could be imposed as a condition of local
cooperation in Federal water projects.

There are also possible losses from flood plain
zoning. Among such losses are those due to ex-
clusion of more intensive uses which, even after
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allowing for occasional damage or destruction by
floods, may still yield a greater return than the most
profitable use under zoning restrictions. The area
which would seem a logical place for flood plain
zoning restrictions is the Tulare Lake bed. Here
periodic flooding from the Kings, Tule, Kaweah,
and Kern Rivers has caused severe losses of agri-
cultural crops and property. Nevertheless, the soil
is so productive that farming is profitable in spite
of the flood losses.

In cases where the most suitable use under zoning
restrictions is not profitable to private enterprise,
public purchase may be necessary where institu-
tional obstacles stand in the way of profitable alter-
native uses; for example, where the area which
should be zoned is suitable for agriculture but has
been dedicated to urban development. Costs of
administering the zoning laws must also be
considered.

It is possible to evaluate the benefits and costs of
a zoning program for comparison with the alterna-
tive of providing flood protection. The choice be-
tween the two methods of preventing flood damages
then turns on the relative economic advantages with
due regard for related intangible considerations.
Zoning, unless combined with a program for evacu-
tion by purchase, restricts future uses and will be
most effective alone in a relatively unsettled area.
Under certain conditions the combination of limited
zoning regulations with partial flood protection
might prove the most satisfactory solution of a flood
problem.

The inadvisability of zoning Tulare Lake bed was
mentioned above. It has been found worth while
progressively to dike off large areas of the old lake
bed and finally to provide measures for complete
flood control. Another area which might be con-
sidered for application of flood plain zoning is along
the American River east of Sacramento. Release
for draw-down of Folsom Reservoir will cause pe-
riodic overflow in this area because of the limited
natural channel capacity at that point. In this
case, however, the demand for residential and in-
dustrial expansion at Sacramento will probably es-
tablish the advisability of protecting the overflow
area by levees in order to permit its development
and use for those purposes.

CONCLUSIONS

Flood plain zoning has possibilities in the valley
as a means to prevent encroachment on stream
channels and improved floodways. Other possi-



bilities for its use to prevent flood damages might
be found, but in all such cases the desirability of
employing zoning restrictions should be thoroughly
established on the basis of their economic feasibility
as compared with alternative measures.

9. Conflict between Navigation Developments and
Other Water Uses

THE ProBLEM

The extent to which navigation conflicts with
other water uses, and resolution of such conflicts.

TuE SITUATION

Some reaches of the Sacramento and San Joaquin
Rivers have been extensively used for navigation,
and many improvements for this purpose have been
authorized from time to time. A ship channel for
oceangoing vessels has been constructed to Stock-
ton. A similar channel to Sacramento is under
construction,

Most present navigation is within tidal waters
and requires no extra water for operation. How-
ever, an authorized shallow draft project on the
Sacramento River above Sacramento involves the
operation of Shasta Reservoir to provide a mini-
mum flow of 5,000 cubic feet a second for navi-
gation purposes, and in the Central Valley Project
about 18 million dollars has been allocated to navi-
gation. A considerable portion of the water re-
quired in the Sacramento River for navigation can
also be used to satisfy downstream requirements for
irrigation and salinity repulsion. Comparatively
little water is released exclusively for navigation.

Nevertheless, such water as is released for this
purpose results in some reduction in the supply
available for irrigation and municipal use. In view
of this conflict, and of the greater total benefits
which would result from using this water for irri-
gation, studies are now being made to determine if
it is financially feasible for the irrigation and munic-
ipal water supply components of the Central Valley
Project to carry the portion of the cost presently
allocated to navigation. However, navigation could
be continued without water loss to irrigation if a
slack water channel were provided.

Federal water policy in the Western States has
changed somewhat in recent years. It now recog-
nizes domestic supplies and irrigation as higher uses
than navigation. This policy was first stated in

the Flood Control Act of 1944, and is in general
conformance with California water law.

One navigation project now under construction,
the Sacramento Deep Water Ship Channel, may
adversely affect salinity control in the Sacramento-
San Joaquin Delta. Although the effect from the
increased volume of the tidal prism caused by the
new channel would be minor, studies have been
undertaken to determine the advisability of com-
pensating for the increased tidal prism by reclaim-
ing inundated land in the delta region.

Another problem associated with navigation is
the additional cost of bridges across the channels.
These bridges must either be high enough to permit
river traffic to pass under them or must be provided
with movable spans. The cost of modifying exist-
ing bridges to provide for passage of boats is taken
into account in comparing project costs and bene-
fits and determining economic justification, but the
increased cost of future bridges usually is not given
full consideration. On the inland waterway above
the junction of the San Joaquin and Sacramento
Rivers, 41 bridges represent a total investment of
over 17 million dollars, with about 4 million dollars
of this necessary to obtain navigation clearance.

CoONCLUSIONS

The conflict between navigation and other bene-
ficial uses of water is secondary in the Central Val-
ley. The conflicts which do arise can be resolved
on the basis of determinations of relative benefits
and costs, and in accordance with existing Federal
and State water policies. Navigation, furthermore,
is not entirely incompatible with maximum de-
velopment of irrigation.

Closer coordination with local highway agencies
would be desirable in planning navigation improve-
ments so that the increased cost of future crossings
of navigable waterways may be taken into account
to the maximum practicable extent.

C. The Character of Development
1. Basic Data Essential to Future Plans

THE PROBLEM

The data essential for efficient planning, con-
struction, and operation of water projects in the
valley.

% Act of December 22, 1944, § 1, 58 Stat. 887.
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THE SrTUATION

A realistic judgment on essential basic data
needed in the Central Valley Basin must take into
account the following phases: (1) requirements
for preliminary investigations, (2) requirements for
purposes of general survey investigations (general
coverage), (3) data requisite for definite project
investigations (specific coverage), and (4) data for
construction and operation (which can appropri-
ately be gathered in the course of those activities).

Data already available for the first and second
phases have permitted the drafting of a compre-
hensive plan for physical development in the Cen-
tral Valley from which initial units have been
selected. Likewise, data have been generally ade-
quate for the detailed planning and construction of
existing projects, although additional data on sur-
face water conditions will be necessary for other
projects as they are developed. Ground water
information is less adequate.

In general, the Central Valley is more adequately
supplied with basic data than many other sections of
the country. The long interest of the State in water
programs has resulted in the accumulation of much
information. However, to develop adequate plans
for future specific projects the present program of
data collection should be continued and expanded to
insure that data will be available when needed.

The Subcommittees on Hydrology and on Sedi-
mentation of the Federal Inter-Agency River Basin
Committee have made a survey of the desires of
various action agencies for additional data for all
purposes in certain general areas, and have esti-
mated the adequacy of existing measuring facilities.
The results of this survey for the Central Valley are
shown below:

Adequacy of evisting

measuring facilities 1

Type of data: (range of percent)

Precipitation 41— 60
Evaporation 21-100
Snow courses 61-100
Ground water 6— 40
Stream gaging 41- 60
Chemical water quality. 21- 60
Sediment load 0- 20
Reservoir sediment survey_ o ________ 41— 80

* Measured in terms of percentage of the estimated total
required facilities for all purposes.

Topographic maps are available for nearly the
entire Central Valley Basin, but many do not con-
form to modern standards. However, the present
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and proposed 10-year mapping program under way
by the Geological Survey in cooperation with Cali-
fornia and the mapping program of the Forest Serv-
ice meet most needs of the basin. Adequate geo-
logical maps and information are available for only
a small part of the basin.

Some sanitation studies have been made, particu-
larly by State agencies. With the increasing popu-
lation and industrial growth more extensive studies
will be required.

Soil surveys and land classification surveys are
available for practically all of the existing or poten-
tial agricultural land in the basin, but generally on
a reconnaissance basis. More detailed surveys either
are being made or will be required in specific areas
as studies of potential projects progress. A number
of agencies are already engaged in research on land
management problems, and this work should be
maintained and increased to meet situations which
are likely to become more critical in the future.

A complete study of underground water storage
possibilities of the upper San Joaquin Basin should
be undertaken, covering the capacity of the gravels
near the ground surface, as well as the deep aquifers.
These aquifers should be studied with a view to
replenishment, either locally or if necessary at some
distance, and their source discovered.

Ground water recharge is a very important aspect
of water use in the Central Valley. More informa-
tion is needed on most efficient methods of adding
to ground water supplies. Associated with ground
water recharge is the problem of leaching of alkali
salt accumulations. More needs to be known as to
the best means of accomplishing recharge.

Maximum use of irrigation water requires more
research on the time and rate of application of
water for different crops, and on varying soil con-
ditions, including drainage characteristics. Drain-
age conditions are of particular interest in relation
to the Solano Project. It is possible that more
precise criteria can be developed as a guide to
farmers in the valley by more detailed study of those
significant factors which, collectively, determine the
degree of water requirement. In addition to the
crop and soil, these factors would include such
things as solar radiation, humidity, and temperature.
Research of this type has been undertaken for some
of the valuable orchard areas in California. The
potential practical value of such guides to farmers,
and the possible savings in water, warrant extensive
study of this subject.



Although many data are available to guide water-
shed management programs, additional information
is needed to meet special problems. For example,
more information is needed about the best rota-
tion and tillage practices to conserve crop residues
and reduce runoff and erosion on the dry-farm
grain Jands of the basin.

Investigations of forest influences have been con-
ducted on only a few of the combinations of climate,
topography, and soil in the basin. These studies
need to be extended and reinforced by studies of the
effects of timber cutting and grazing on water re-
sources. Studies also are needed to determine the
best methods of converting brush lands to grazing.

Basic information on fish and wildlife has been
collected for a number of years by both State and
Federal agencies, but much remains to be learned,
particularly on such subjects as the life cycle of the
salmon, and the possibilities of maintaining fish life
in fluctuating reservoirs. If fish and wildlife are to
be preserved, more information is needed.

CONGLUSIONS

Basic data are more adequate in the Central
Valley than in many other basins of the country.
However, present programs for collection and inter-
pretation can be profitably increased, so as to meet
the needs of future stages of development. Basic
data on the extent of the underground storage
available for irrigation and other uses are needed
for planning extensions to the irrigation system, and
replenishing the supply.

Data should include the area and depth of the var-
ious sub-basins for underground storage and their
boundaries, the quality of water of each, the move-
ment of water in them, as well as the location and
depth of any subsurface control. Among the other
data worthy of particular attention in this basin are
those relating to methods of applying irrigation
water, and economic data indicating needed water
resources program adjustments to social and eco-
nomic trends.

Of prime importance in the Central Valley is
more definite information on the loss of water
through evaporation from various water surfaces—
reservoirs, canals, and laterals. Such information
is necessary for a sound approach to all problems of
conserving the water. Also involved is the amount
of transpiration from riparian water-consuming
vegetation. These data are of critical concern in
the valley.

2. The Proper Rate for Future GConstruction of Fa-
cilities To Provide Water for Supplemental
Irrigation, and New Land Development

TaE PROBLEM

Factors to be considered in planning the rate of
development of additional Federal irrigation works.

THE SIiTUATION

There are important regional considerations in-
volved in arriving at a desirable rate for irrigation
developments in the Central Valley Basin. Agricul-
ture in the basin is of an intensive character, is
highly developed, and represents a very large capital
investment. Because rainfall is limited, irrigation
is the primary foundation of the agriculture of the
valley. This foundation must be protected not only
to sustain agriculture, but also because agriculture
is the most important element in the economy of the
region. To the extent that it is dependent on dimin-
ishing supplies of ground water, the present agri-
culture of the basin is in jeopardy. This dependence
on ground water is extensive, particularly in the
San Joaquin Valley, and supplemental supplies of
surface water are a necessity.

The regional situation justifies immediate de-
velopments to provide additional quantities of
water to relieve the pressure on ground water sup-
plies, to make more efficient use of the land resources
already developed, and thus to protect the agricul-
tural economy of the basin.

The need for bringing additional land under ir-
rigation is less pressing than is the need for supple-
mental water. There is a large demand for farms
and farming opportunities which will need to be
met, to the extent feasible, in the years ahead. This
demand is more intense in or near the Central Valley
than in most other parts of the country. The Cen-
tral Valley supplies large quantities of specialty
crops (fruits and vegetables) to other regions.
Moreover, California is deficient in dairy and meat
products, and any further expansion of the dairy
and livestock industries within the region will be
dependent on irrigation,

The rate of additional irrigation development
should not be based on agricultural considerations
alone. Consideration should also be given to the
fact that other uses for the water might result in
greater benefits.
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CoNCLUSIONS

(1) The agriculture of the Central Valley de-
pends on an adequate supply of irrigation water.
Present supplies of surface water need to be aug-
mented in order to relieve the pressure on ground
water resources and to make more efficient use of
the land resources already developed. Projects
which would provide supplemental supplies to exist-
ing farming areas should, generally speaking, take
priority over new land developments and should
proceed rapidly.

(2) The large increase in population in and
adjacent to the Central Valley has created heavy
demands for land and farming opportunities.
Regional needs for both farms and such foods as
meat and dairy products justify further extension of
irrigated land, possibly to the limit of the irrigable
area in the Central Valley.

3. Ground Water Replenishment

THE PrOBLEM

The extent to which problems associated with
ground water replenishment affect water resources
development in the Central Valley.

TuE SiTUATION

Both ground water and surface water supplies
are used extensively in the basin. Approximately
40 percent of the land now irrigated is supplied by
water pumped from subsurface supplies, some for
their total supply, and others for a supplemental
supply when their rights to surface water are ex-
hausted. This latter condition exists to some extent
throughout the valley but diminishes toward the
southern end of the San Joaquin Valley.

Replenishment of the underground water in gen-
eral has been through natural means—the sinking
of winter rains into the ground, percolation from
stream beds, canals, and ditches, and percolation
by irrigation and waste water. During recent years
there has been some “spreading” of water during
the nonirrigation season to replenish the under-
ground reservoir. This has been done especially in
the Kings River area, where all of the winter water
is stored underground. In this storage most evapo-
ration losses are avoided, the water is recovered
easily, and the demand on summer surface supplies
by those farms using the underground reservoirs
reduced.
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During the period from 1921-39 the depth to the
underground water surface in the Tulare Basin
lowered by 25 or more feet over about one-half of
the area. In some localities in the Tulare Basin
the water surface was lowered more than 100 feet.
In other parts of the basin water levels have been
lowered as much as 10 feet per year. Water levels
of 200 to 500 feet below the surface are not un-
common, on the west side of the San Joaquin, and
wells of 1,000 to 2,500 feet are needed. The total
overdraft in the basin as a whole has been estimated
to average 1.9 million acre-feet a year. Thus, over
a period of 20 years an immense storage space, pos-
sibly enough for more than 40 million acre-feet of
water, has been made available.

Ground water cannot be considered competitive
with surface water. The two forms must supple-
ment each other. The need for water is so great in
the basin that full economical use must be made of
both sources of supply, and the relative degree to
which each should be used will depend on the neces-
sity of the widest use of the limited water resource.

Evaporation is definitely a limiting factor that
must be considered in connection with surface
storage in an area of high evaporation losses.
Where reservoirs must hold water over from wet
periods to dry as in the Central Valley, where the
deficient period is seven or more years, evaporation
loss becomes a major consideration. Even with an
evaporation estimate of about 1 million acre-feet
a year, during the 10-year period required to fill
and hold the water to provide for periods of
drought, the loss would be 10 million acre-feet or
more, or a half year’s supply for the whole valley.

The capitalized value of the water lost by evapo-
ration may well be large and indicates that serious
thought should be given to any feasible means of
preventing such loss. One means of reducing the
loss is through use of underground reservoirs.

The ground water storage capacity in the basin
within economical pumping distance is at least
equal to and may exceed the total potential surface
storage capacity available in the basin. In those
parts of the basin where good aquifers exist the un-
derground reservoirs are the best storage because
there are no evaporation losses from them. How-
ever, water removed from the underground basins
must be replaced. If it is not replaced the supply
will eventually be depleted, or the ground water
level will be lowered to such an extent that it is not
economically feasible to continue pumping. In



areas where this has occurred, as in several localities
of the San Joaquin, irrigated farming has failed.

The maintenance of ground water as a firm
source of supply depends on obtaining, over a pe-
riod of years, as much replenishment as there is
withdrawal. Various means of replenishment are
available. Water can be stored temporarily in sur-
face reservoirs, and then later released to the
stream channels for underground storage where the
ground will absorb it. For example, water stored
in Friant Reservoir is now being released from the
Madera Canal into various stream channels and
sloughs for ground water replenishment. In this
way, these channels, which previously served as
sources of recharge only during the winter months
when natural flow was available, are now made to
function continuously, using water stored in Friant
Reservoir.

It is the practice of the Kern County Land Co.,
which controls the use of a major portion of the
Kern River supply, to use surface water in con-
junction with ground water supplies. If it finds
that in one area ground water is becoming relatively
high compared to another area, a greater portion
of the surface supply is diverted to the latter area,
in order to build up the ground water storage. This
shifting of water may become desirable in other
areas.

The use of artificial percolation areas is common
in some areas, particularly in southern California.
Such areas have been used to a certain extent in
the Central Valley, even though the opportunities
are not so favorable. The method is being given
further consideration.

The technical problems associated with ground
water replenishment are important to the future
of the Central Valley. Study of the problem is now
under way, but the program should be expanded
substantially. There are very few data on the full
capacity of the underground reservoir, its depth, or
any barriers that might divide the basin into sub-
basins. Little is known about the possibilities in
the Sacramento or on west side San Joaquin. The
whole underground situation needs study, as the
full utilization of these storage possibilities may
have a profound influence on the conservation of
the water resources and the best and maximum
utilization of the land.

There have been differences of opinion as to the
relative degree to which ground water and surface
supplies should be used. In one case (Solano Proj-
ect) some local interests were of the view that the

proposed reservoir was too large and that it should
be reduced in size and greater use made of ground
water. In another case {Cache Creek) local inter-
ests are in disagreement as to the extent to which
surface reservoirs should be operated for surface
irrigation as opposed to ground water replenish-
ment. These are local problems and must be solved
individually on the basis of local conditions which
vary widely throughout the basin. To meet the
ultimate water needs of the valley and the San
Francisco Bay area, maximum use must be made of
both surface and ground water.

Some deep pumping has been developed, taking
water from great depths, especially in the western
part of the basin south of Bakersfield. This deep
pumping has tapped some aquifers which either are
trapped or originate in distant areas. The impor-
tance of this supply and the manner of its replenish-
ment are not now known,

CoONCLUSIONS

Ground water resources are used independently
and in conjunction with surface water supplies in
the Central Valley to a much greater extent than
in many other regions. Both ground water and
surface water resources must be developed and
utilized to the maximum feasible extent in order
to meet the probable ultimate water needs of the
basin.

The use of the storage capacity of underground
reservoirs is one of the important conservation pos-
sibilities in the valley. Potential reservoir evapora-
tion adds a cogent reason for as complete use of
underground storage as is compatible with compre-
hensive multiple-purpose development. The possi-
bility of replenishment should be explored more
fully as soon as possible, and full knowledge should
be obtained as to all the characteristics and limita-
tions of underground storage possibilities. Such
knowledge should be available in planning for the
full use and conservation of water resources.

These studies also should include the possibilities
of assuring the movement of water from the basin
to remove toxic salts.

A study should also be made of the value of the
deep aquifers as a water supply.

All of these studies are proposed by the Geologi-
cal Survey, and they should receive every assistance
to the end that the studies can be completed within
a few years.
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4. Land Treatment Programs in Plans for Water
Resources Development

THE PrOBLEM

Erosion control measures, forestry activities, and
related land treatment measures essential to com-
plete water resources development of the valley.

THE SITUATION

Land treatment is lagging far behind other types
of water resources development in the Central Val-
ley. Land treatment programs are proceeding at
a slower pace in the Central Valley than in most
other parts of the country. For example, while soil
conservation districts have been organized to in-
clude over three-fourths of the farms and ranches
of the Nation as a whole, only about 10 percent of
the farms and ranches of the Central Valley are
included in soil conservation districts. This is true
even though soil productivity is deteriorating on
over half of the 7 million acres of cultivated land.

Improvements in the manner of distributing and
applying water are needed in many irrigated areas.
These would provide protection against soil deteri-
oration and would contribute to more efficient use
of water.

Of almost equal concern is the situation on the 8
million acres of brush and open range lands. Pub-
lic domain lands and many private range lands have
been so overgrazed in the San Joaquin that dust
storms in dry years have stopped traffic on some
major highways, and sand deposits have blocked
some side roads. The lower slopes and foothill
valleys of the west side of both the Sacramento and
San Joaquin have been destructively grazed.

In the Paskenta district gullies have added greatly
to the sediments which farmers must remove from
ditches. At flood times the sediment is flushed into
the Sacramento. Recently, fire is being used an-
nually on about 80,000 acres of grazing land scat-
tered throughout the basin in an effort to convert
the cover to grass. Soils, particularly the thin ones,
will suffer severely from this effort.

In many high mountain meadows, overgrazing
has caused serious gully erosion. This destroys the
value of these excellent grazing areas, since worth-
less brush often replaces the lush grasses as the
water table is lowered. Great quantities of eroded
material from these meadows are poured into the
stream channels.

The Central Valley area has a deer herd now
numbering about 600,000 animals. In certain
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areas, these animals are in direct competition with
livestock for available feed on the range. There
are at present seven areas " where big-game grazing
is creating watershed problems. Although steps
have been taken toward better game management,
the number of areas affected may increase until
direct measures for reducing herds are adopted.

Logging practices on the 4 million acres of com-
mercial timber stands in the national forests are
generally better than on the 3 million acres of
nonpublic land, but on both too little attention is
currently paid to methods that would reduce ero-
sion. Skidways and roads are a primary source of
damaging erosion, and practically no efforts are
being made to prevent or heal the scars. Current
practices on national forest timber sales require the
logger to restore the cut-over land to as nearly
normal condition as possible upon completion of the
logging operation. Local control is not so effective
on the private lands, of which only about 25 percent
is considered adequate from a watershed protection
standpoint.

Forest fires have resulted in damage to the water
resources and to water improvements. In one in-
stance several years ago a 17,000-acre fire in the
Upper San Joaquin disabled a powerhouse until
the sediment and debris at the intake and in the
tunnel could be sluiced downstream.

Nearly 600,000 acres of forest land at present
require planting, of which about a third should be
reforested to restore good watershed conditions.
About half of this total is on public lands. Some
250,000 acres of privately owned watershed lands
are thought to be in a critical condition because they
are destructively logged and badly burned. A
smaller acreage of lands needing attention is that in
old mine workings, especially those ruined by placer
mining. These now virtually worthless lands are
so located as to be a menace to good water condi-
tions.

One objective of watershed management in the
water-producing areas of the basin is to provide
protection to soils and channels so as to minimize
surface runoff and erosion on slopes and flood peaks
in the streams. Another objective is to manage the
timber, chaparral, and grasslands in such way that
they will yield the maximum amounts of usable and
regulated water. Further research is needed to
show how much safe water yield can be increased
by watershed management practices.

Y E. g., adjacent to Yosemite, at the southern end of
the Coast Range, and in the Yuba River and Modoc areas.



None of the watershed management programs in
prospect in the water-producing areas at present
includes practices to increase water yields or to
reduce water losses. Few land use measures have
been put into effect specifically to increase the accre-
tion of ground water.

Many of the roads, especially the minor ones,
are contributors to poor water conditions. Because
of their design, they are a source of considerable
sediment pollution, and often are a source of
damaging sediments.

CONCLUSIONS

Land treatment programs in the Central Valley
are lagging behind other forms of water resources
conservation. A basin-wide watershed treatment
program is needed to maintain the full productivity
of the soil resources as well as to contribute to more
stable stream flow, reduce sedimentation, and pro-
vide for more efficient use of water.

Such a program would include adjustments in
land use in accordance with the capabilities of the
land; the application of conservation measures;
more adequate range and forest management;
better forest fire control; an effective program of
wildlife management; adoption of a watershed man-
agement plan to insure adequate cover on depleted
lands and higher water yields; greater attention to
care of cut banks, care of slopes, drainage, and other
aspects of road construction; and the public acqui-
sition and proper management of some 250,000
acres of watershed lands which because of location,
character of topography and soil, and past damage
are a liability to the water resources of the basin.
A reduction in watershed damage can be obtained
by making water resources developments dependent
upon State and local participation in the restoration
and maintenance of good watershed conditions.
State and local interests should also take definite
action to permit the reduction of the deer herd to
the safe carrying capacity of the forage, and to
maintain the game in proper balance with its
environment.

3. Rate of Construction and Integrated Operation
of Electric Power Facilities

Tur PrROBLEM

The proper rate of future power development,
and the extent to which it is desirable to integrate
and coordinate the operation of electric power gen-

eration and transmission facilities and to provide
adequate interconnections with the transmission
facilities of adjacent areas.

TuE SITUATION

Local interests have developed a highly inte-
grated electric power system. This system is com-
posed of many hydroelectric and fuel-electric gen-
erating plants, a transmission network, and distribu-
tion facilities. Hydroelectric plants presently pro-
vide approximately two-thirds of the total installed
capacity in the area. Steam-electric plants, which
supply the remaining capacity, are used principally
to firm the hydroelectric capacity during dry pe-
riods. Most hydroelectric plants are single-purpose
projects.

During the last 30 years, a number of hydroelec-
tric plants have been constructed in connection with
dual-purpose or multiple-purpose projects. The
power output of such plants is usually subordinated
to other purposes. The first such hydroelectric
plant was completed in 1922 at the Don Pedro
Storage Dam on Tuolumne River. The reservoir
is operated by local interests primarily for irrigation
purposes.

The Federal Government is now engaged in con-
structing and operating a number of projects which
are major elements in a comprehensive plan for the
further control, conservation, and use of the basin’s
water resources. Hydroelectric power will be gen-
erated at most multiple-purpose reservoirs.

The demand for electric energy for industrial use,
irrigation pumping, and other purposes is increasing
rapidly. Preliminary estimates of load indicate
that the peak demand on systems in the area will
increase from the 2.2 million kilowatts reached in
1949 to about 5.7 million kilowatts by 1970. Addi-
tional generating capacity will be required as needs
increase. National security considerations also
require an adequate power supply for industries
and defense installations.

To conserve fuel resources, which may be in par-
ticularly short supply in times of national emer-
gency, it is desirable that as much as possible of
the future power supply be provided by hydroelec-
tric installations. Because the river flows do not
sustain a high hydroelectric output, part of the
future supply must be provided by steam-electric
plants, to permit most economical operation of the
power system.

Integration and operation of all major power
facilities, both Federal and non-Federal, in a single
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system is desirable for reasons of national defense
as well as regional development provided the
private systems cooperate fully in accomplishing
the objective of Federal power policy. The co-
ordinated operation of facilities would take advan-
tage of diversities in types of load and plant
outputs, thereby firming plant capacities.

The technique of coordinated operation of a
region-wide power pool, involving the hydraulic
and power facilities of 10 different agencies—
Federal and non-Federal—has been successfully
developed in the Pacific Northwest in both peace
and war. In general, the basic principles involved
in the Northwest Power Pool operations would be
applicable in the Central Valley.

Coordination for the Central Valley would have
to provide for flood control, irrigation, power, fish
and wildlife, and related purposes. It also should
provide for established water rights, contractual
commitments of various kinds insofar as releases of
water are concerned, and for power service to
preferential customers from Federal projects
through wheeling *® or other arrangements. The
plan should be flexible and capable of being readily
adjusted to meet changing conditions and require-
ments.

CoONCLUSIONS

(1) The rapidly growing load in the area and
considerations of national defense require addi-
tional generating capacity in advance of actual
nced.

(2) To the extent practicable, consistent with
the maintenance of the proper ratio of steam to
hydro for the most economical system operation,
future additions of capacity in the area should be
provided by hydroelectric plants for both conserva-
tion and national security.

(3) The power gencration and transmission
facilities of the valley and adjoining areas should
be integrated and operated as a unified system, in-
cluding both Federal and non-Federal facilities
under contracts assuring public and cooperative
systems a preferential right to Federal power sup-
plies and low rates for irrigation pumping.

(4) A coordinated basin-wide plan of operation
of a Central Valley Power Pool, including inter-
connections with adjacent areas, should be pre-
pared with full consideration of all operating re-
quirements of hydraulic facilities for purposes other
than power.

* Transmission over its lines by one agency of electric
energy produced by another agency.
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6. Facilities for Future National Defense Needs

Tue PrRoOBLEM

The place of national defense in plans for future
water resources development in the Central Valley.

THE SITUATION

Many new industries were developed in Cali-
fornia during World War II which are of con-
tinuing importance to national defense. Principal
among them are the aircraft, shipbuilding, and re-
lated industries. It is expected that the growth
and expansion of industry will continue, particu-
larly in southern California and the San Francisco
Bay area.

Although the majority of these industries are
outside the Central Valley, water resources develop-
ment in the valley is directly related to their opera-
tion and therefore to national defense for the
following reasons:

(a) Hydroelectric power which Central Valley
projects can furnish is needed by strategic indus-
tries in the San Francisco Bay area.

(&) Water supplies are needed in the bay area
for domestic and industrial use. These can best be
supplied from the Central Valley.

(¢) Full irrigation development in the Central
Valley would contribute to greater self-sufficiency
in the regional food supply and thereby free trans-
portation facilities for other vital uses.

(d) Navigation can provide supplementary
transportation of defense materials, food, and the
products of mines and forests.

(e) Flood control reduces damages to estab-
lished municipal, agricultural, and industrial facil-
ities in the valley, and thereby promotes stability
of production.

CONCLUSIONS

(1) Because of the vital importance of Central
Valley water projects to strategic industry, food
supply, and domestic water in the San Francisco
Bay area, the program should proceed promptly,
with account being taken of the bay area’s needs.

Attention should be given to the possibility of
decentralizing industrial concentrations in the bay
region, making use of sites as well as resources with-
in the valley. Future water projects, wherever pos-
sible, should be so designed as to encourage such
decentralization, particularly for new construction,



Waterway improvements in particular are signifi-
cant in such encouragement.

(2) Attention should be given to the danger of
sabotage or destruction of water supplies from the
Central Valley to the bay area; preventive measures
should be taken promptly.

(3) Attention should be given to the possible
power needs of the Los Angeles industrial area, and
the relation of Central Valley resources to them.

(4) Because of the national interest in these
matters, Federal agencies concerned with water
development should consider it their obligation to
assist in planning for strategic needs.

7. Uniform Policy on Providing Recreation Facili-
ties in Reservoir Areas

THE PROBLEM

Should recreation be considered an objective in
Federal reservoir developments, and if so, should
there be a uniform policy in providing recreation
facilities?

THE SITUATION

There is a definite need for additional outdoor
recreational use of Federal multiple-purpose reser-
voirs. Experience at Shasta and Millerton Lakes
and other reservoirs clearly indicates that recrea-
tional use will be made of such reservoirs, despite
lack of adequate facilities and the objectionable
drawdown of reservoir levels. These recreation
values would be enhanced if plans were made
for the fullest possible use of the recreational
opportunities. As the recreational use in general
is of less than national significance, investments
in such facilities should be made to a large extent
by State and local interests. One of the interests of
the Federal Government in recreation is to avoid
undue conflicts with other project functions. Under
most circumstances it should provide basic facilities
like land, roads, and water supply.

At present there is lack of uniformity in legislation
pertaining to recreation at Federal reservoirs. The
Corps of Engineers has authority to construct, oper-
ate, and maintain recreation facilities or to permit
such activities at its reservoir projects. The Bureau
of Reclamation does not have such general author-
ity. This inconsistency is particularly noticeable
in the Central Valley, where both the Corps and
the Bureau are building water projects,

CONCLUSIONS

There is a need for additional recreation facilities
in the Central Valley. This could be met in part
by appropriate developments at Federal multiple-
purpose reservoirs, including acquiring desirable
land adjacent to the reservoirs. Most improve-
ments can be provided by local interests. Their in-
stallation would be facilitated if recreation were
recognized as an important objective of Federal
water programs in the authorizing legislation. Uni-
form legislation applying to construction agencies
should be adopted.

8. Extent to Which Fish and Wildlife Programs
Should Be Included in Planning for Water Re-
sources Development

Tae PrROBLEM

The extent to which basin-wide investigations of
means of maintaining and enhancing fish and wild-
life resources should be included in planning for
water resources use.

THE SITUATION

Fish and waterfowl, as well as some other forms
of wildlife, constitute a resource of economic and
recreational value. Maintenance and enhancement
of this resource is intimately related to the construc-
tion of multiple-purpose projects. Reservoirs and
dams may be so constructed and managed as either
to maintain and enhance this resource or unneces-
sarily impair or destroy it.

Until recently it appears to have been the general
practice to attempt to integrate the fish and wild-
life program into multiple-purpose projects after
project construction had begun. However, to be
effective, integration should be undertaken from
the earliest possible stage in the planning process.
To be effective it is essential, also, that the construc-
tion agency be furnished reliable basic data on all
phases of fish and wildlife, including habits and
essential environment. This would permit prepar-
ing plans for the proper sequence of dam construc-
tion, types of fish ladders to be used, and spillways
of proper design. Because such data were not avail-
able, State approval of the construction of both
Iron Canyon and Table Mountain Dams has been
withheld, and approval of work on the Yuba River
is held in abeyance.

Some of these studies are in progress.
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Unscreened pumping plants and canals along
the Sacramento River divert small salmon in num-
bers during downstream migration from the river
to irrigated land. State laws designed to prevent
this appear to be inefTective.

Wildfowl habitats in the Sacramento and San
Joaquin Valleys have been lost as agriculture has
taken over large areas of former feeding and resting
areas. If the species formerly using these areas are
to be maintained in quantity, wildfowl refuges and
shooting areas are needed. To satisfy this need,
over 1,000 second-feet of water will be required for
the purpose. Plans for water use should therefore
take into account these requirements. Provision
of waterfowl refuges and shooting areas on the
Pacific flyway can help to alleviate crop depreda-
tions that result from restricted and inadequate
habitat. These depredations are estimated to have
reached a peak of a million dollars in 1943. Feed-
ing areas, provided later, have reduced this damage.

The State is prepared to establish additional
waterfowl management areas but because of objec-
tions in some farming areas it appears to be difficult
to agree upon sites.

CONCLUSIONS

The adverse effects of water projects on fish and
wildlife resources in the Central Valley heretofore
have been considered generally on a project-by-
project basis as individual problems have arisen. A
more logical procedure would be the development
of a comprehensive plan for the preservation and
enhancement of fish and wildlife values which would
be developed as part of a comprehensive multiple-
purpose water resources program for the basin.

9. Measures for Mosquito Control

TuE PrOBLEM

The effect of proposed water regulation and use
programs on the mosquito problem.

THE SITUATION

The development of water control and use pro-
grams in the Central Valley Basin has been exten-
sive during the past half century. Current develop-
ment and planning are for an increased rate in this
development.
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Important as is the elimination or control ot
mosquitoes in connection with water projects, meas-
ures to accomplish this frequently have been under-
taken only after completion of the projects. By that
time, mosquitoes may have become a nuisance and
a danger.

Measures to destroy mosquitoes and their breed-
ing places are available. If this knowledge is ap-
plied and adequate controls incorporated in the
original plans for the project, many of the problems
that now arise after the project is built will be less
serious or will not occur at all,

Water surfaces which may create mosquito habi-
tat in the valley have increased continuously dur-
ing the last two decades. During the critical water
years 1927-34 an average of a little less than 3
million acres were irrigated annually in the Central
Valley. This is only 45 percent of the total irri-
gable area of the basin. The average annual in-
crease during the next decade amounted to about
67,000 acres per year. The presently authorized
Federal Central Valley Project, excepting the
American River service area, includes water sup-
plies sufficient for about 550,000 acres of new land
and 500,000 acres in need of supplemental supply.
This development is expected to be nearly com-
plete by June 30, 1956, and is scheduled for com-
pletion at the rate of about 80,000 acres (maximum)
a year.

Mosquito control measures are not keeping pace
with water control and use programs.

The 32 organized mosquito abatement agencies
within the basin derive their income from taxes,
but they are not prepared financially to cope with
an ever-growing increase in mosquito control re-
quirements. They now serve a little more than 10
million acres or about 27 percent of the area con-
tained within the drainage basin.

CONCLUSION

The need for mosquito control should receive
early recognition in Central Valley water planning.
Adequate participation by specialists in this field
in the planning, design, construction, and opera-
tion of water control projects of any size should
be provided. It is essential first to know precisely
what should be done to protect public health in
the area, and then to take necessary preventive
measures,



10. Extent to Which Engineering and Design of
Major Works Should Take Account of All
Probable Future Water Needs

THE ProBLEM

The extent to which dams and other major en-
gineering works should be designed to meet future
water needs.

THE SITUATION

Estimates of future water requirements for irri-
gation, domestic and industrial supply, power, and
other purposes recently have been revised upward.
Moreover, additional flood protection has been
found warranted in many suburban areas as a
result of population increases.

The correct procedure for considering these
future needs is first to estimate them on the most
realistic basis possible, and then to provide for them
in the planning, design, and construction stages in
accordance with best engineering and economic
practices. Some of the particular problems which
have been encountered in the Central Valley are:

Two-step versus one-step construction of dams.—
The question here is: Where it is known that a
reservoir site ultimately should be built to its prac-
ticable limit, but need for its full capability does not
presently exist, should a low dam be constructed
initially with provisions for future raising, or should
the dam be built to ultimate height? The question
arose, for example, in connection with the Folsom
Project on American River, where it was concluded
that provision of the maximum practicable capac-
ity of 1 million acre-feet in one step would be the
most economical procedure. Two-step construc-
tion also was considered for the Table Mountain
and Monticello Projects. The Hetch Hetchy Dam
on the Tuolumne River was constructed by San
Francisco in two steps, the initial reservoir capacity
being 206,000 acre-feet, and the ultimate capacity
360,000 acre-feet.

Installation of penstocks and other features for
probable future power generation in dams presently
under construction—Such action is logical en-
gineering practice. Penstocks are being provided,
for example, at the Pine Flat Dam for future power
installation.

Provision for future irrigation needs.—Should
special irrigation outlets be provided at reservoirs
under construction for future needs, or should these
facilities await the need, at which time their in-
stallation would be much more costly? Irrigation

outlets are being provided at all multiple-purpose
projects designed for future irrigation demands.
However, a special outlet for a future high level
canal from Folsom Reservoir was considered, but
for economic reasons was not incorporated.

Design of flood control works—To what extent
should the design of levees take into account future
upstream reservoir storage? Such coordinated
design is good engineering practice. An example
occurs in the Cache Creek flood control project,
where levees will be designed to provide needed
local flood protection in conjunction with a future
upstream reservoir at the Indian Valley site, or
some alternative.

Use of adjacent reservoir sites—What consider-
ation should be given in the design of dams and
reservoirs to prevent foreclosure of future use of
adjacent sites? This problem was encountered in
the Iron Canyon Project where the dam site was
moved downstream after project authorization, so
as not to preclude use of the original site (Table
Mountain) for a much larger storage capacity than
presently is authorized.

CoONCLUSIONS

The design of major engineering works for the
development of the water resources of the Central
Valley, as in all river basins, should give full con-
sideration to all probable future water needs and
provide the most economical and practicable
methods for meeting those needs. The problems
involved are primarily in the fields of engineering
and economics. In the valley such consideration
is especially important because all available fore-
casts suggest an almost certain need for full develop-
ment of water resources in the basin for all purposes.
Water may eventually even have to be imported
from other basins. Plans of the several agencies
indicate an awareness of these needs. However,
more complete data should be made available, par-
ticularly on economic trends and strategic indus-
trial needs, so as to permit planning with the
desired accuracy.

11, Interbasin Diversions of Water into and out of
the Central Valley
TueE PrROBLEM

The extent to which interbasin diversions of
water into and out of the Central Valley may be
required as a part of the ultimate plan.
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THE SITUATION

Two studies have been made of the possible an-
nual net use of water in the Central Valley: one by
the State, included in the report on the State Water
Plan; the other by the Burcau of Reclamation,
presented in its report.’® They are abstracted as

follows:
Type of use Rlzslfrigt?én State
Acre-feet Acre-feet
Irrigation. . ..o, 16, 600, 000 | 19, 287, 000
Domestic, industrial, and mis-
cellaneous uses. v oo v vun.n. 550,000 [...........
Salinity control. ............ 2, 400, 000 2, 390, 000
Export to San Francisco Bay. . 450, 000 1, 075, 000
Totall................ 20, 000, 000 { 22, 752, 000

1 Totals do not include evaporation losses.

The average annual runoff into the Central Val-
ley Basin over the 40-year period 1904-43 was 33
million acre-feet. However, not all of this water
can be conserved for beneficial purposes. Much of

it occurs in occasional years of extremely large flow.
It would not be possible to provide sufficient stor-

age capacity in the Central Valley, either surface or
ground water storage, to hold over all of these large
flows from wet periods to dry periods. The critical
water supply period in the Central Valley was the
7-year period 1927-34, in which the average an-
nual runoff was 18.4 million acre-feet. Rainfall
data indicate this to be the driest period during the
100 years for which records are available. Most
water supply studies for the basin as a whole are
predicated on meeting the assumed demands during
a period such as 1927-34, although in certain areas,
other base periods are used.

The Bureau of Reclamation on the one hand,
and the State engineer on the other, propose to meet

*®8S. Doc. 113, 81st Cong., 1st sess. (1949).
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the estimated ultimate Central Valley demands in
the following manner:

Annual averages in acre-

feet
Bureau of State of
Reclamation !| Californiat
Estimated available supply
Natural runoff. .. ........... 18, 400, 000 | 20, 900, 000
Draft from carry-over storage
(surface and underground)..| 2,400, 000 2, 274, 000
Trinity River importation. .. .. 700, 000 700, 000
Total................. 21, 500, 000 | 23, 874, 000
Estimated use and losses
Net use of water............. 20, 000, 000 | 22,752, 000
Evaporation losses. . ......... 900, 000 1, 122, 000
Unavoidable waste to the
OCEAM. vv tvvurnnrnennnnses 600,000 |...........
Total................. 21, 500, 000 | 23, 874, 000

! Data from the Bureau of Reclamation are for 1927-
1934. The period covered by the State is not known.
See discussion of California State Engineer in S. Doc. 113,
81st Cong., 1st sess.

The foregoing figures would indicate that the
ultimate demands of the Central Valley could be
met with the available supply in the basin, plus
the importation of 700,000 acre-feet. However,
events and additional data gathered during the past
few years suggest that the estimates of ultimate wa-
ter needs presented above may be low. It now
appears that more water will be required in the
San Francisco Bay area than previously estimated,®
and the additional water will have to be obtained
from cither the Central Valley or the north coastal
streams of California.

Technical studies reveal that the requirement for
outflow for salinity control also will be significantly
greater. During recent years there has been suc-
cessful development of irrigation on lands which
previously were considered uneconomical for irri-

® 8. Doc. 113, 81st Cong., st sess., pp. 326, 329.
* Particularly in the Bureau of Reclamation estimates.



gation. The extent to which these factors might
increase the ultimate water requirements of the
basin is difficult to foresee, but the total increase
might amount to several million acre-feet of water
annually.

Should these larger demands materialize, there
are several possibilities for obtaining the additional
water. One method would be to make further use
of the water within the Central Valley itself. Ad-
ditional water would be available for conservation;
however, since the previous estimates assumed all of
the runoff during the 1927-34 period would be
utilized, the only way to conserve additional water
would be to provide additional storage and to carry
the water from preceding wet years into the critical
dry period. For a 7-year carry-over, it would take
7 acre-feet of additional storage capacity to obtain 1
acre-foot of additional yield. If large amounts of
additional storage capacity were provided, the
carry-over period might be extended to 12 or 17
years, which would require even greater amounts
of storage capacity per acre-foot of yleld. This
storage might be obtained either by construction of
additional surface reservoirs or by further use of
ground water capacity. Either method would be
quite costly and would be increasingly expensive as
additional storage was provided.

Another method of conserving water would be to
construct a barrier across the northern end of the
San Francisco Bay. This would prevent salt water
intrusion into the delta area, and thereby reduce
the required outflow of fresh water for salinity con-
trol. This possibility has received much attention
during the past 30 years. It was rejected as not
being an economically feasible alternative for the
salinity control outflows now being provided. The
potentialities of water conservation by means of the
salt water barrier depend on a number of factors.

For example, it is certain that even with such a
barrier, some fresh water releases would have to be
made into San Francisco Bay to provide for the pas-
sage of ships, to pass fish, and to permit outflows of
saline irrigation return water. Furthermore, such
a barrier would create a fresh-water lake, the evap-
oration from which would be large. Thus the feas-
ibility of a salt water barrier depends on comparing
the cost of the barrier with the net amount of water
which could be saved.

A third possibility of additional water is through
importations of surplus supplies from adjacent

basins. The north coastal streams of California are
the nearest and most likely source of such water.
They include principally the Klamath, Trinity, Eel,
and Russian Rivers. The runoff of the first three
of these rivers, and to a lesser extent of the Rus-
sian River, is far greater than the ultimate water
needs within the basins for domestic, industrial, and
irrigation purposes. However, these rivers are
quite valuable for their fishery and recreational
resources, and diversions would reduce their power
potentialities.

A diversion from the upper Trinity River was
included in the California State Water Plan and
also the Bureau of Reclamation’s plan for the Cen-
tral Valley. The California Legislature recently
removed the Trinity Diversion from the State Water
Plan. Other interests within the basin have at-
tempted to restore it to the State Water Plan but
so far have been unsuccessful.

Under present tentative plans of the Bureau of
Reclamation, approximately 700,000 acre-feet an-
nually would be diverted from the upper Trinity
River into the Central Valley Basin, in addition to
which 120,000 acre-feet would be released down
the channel of the Trinity River for fish, recreation,
and other purposes. This downstream release, to-
gether with the large tributary inflows below the
diversion point, is considered by the Bureau of
Reclamation to be more than sufficient to meet all
conceivable ultimate demands in the Trinity River
Basin. The Trinity Diversion is being considered
by the Bureau because it offers a relatively inex-
pensive source of both water and power.

Another possible interbasin diversion is from
the Russian River. Estimates by the Corps of
Engineers indicate that 86,000 acre-feet over and
above the needs of the Russian River Basin could
be diverted to the northern San Francisco Bay area
for irrigation and municipal and industrial de-
mands. Such a diversion would reduce the re-
quired diversions from Central Valley to the San
Francisco Bay area.

A number of other plans for diversion from the
Klamath, lower Trinity, and Eel Rivers into the
Central Valley or to the San Francisco Bay area
have been considered by various agencies over a
period of many years. The extent to which these
might be undertaken is difficult to forecast. On
the Klamath River, below the mouth of the Shasta
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River, the construction of dams is prohibited by a
State referendum of 1924. This action was spon-
sored primarily by sportsmen who wish to preserve
the stream for fishing, and it could be repealed only
through another referendum. Whether or not ad-
ditional diversions from these streams would be
justified also depends on the ultimate demands
which actually materialize in the Central Valley
Basin and the San Francisco Bay area.

There is further question on the desirability of
conserving water on these streams and making addi-
tional water available to help meet the ultimate
water needs of southern California through a series
of reservoirs, tunnels, canals, and exchanges of
water. Such an arrangement might even replace
some of the Colorado River water now used or
contemplated for use in southern California. In
the latter eventuality it may be necessary to consider
not only the north coastal streams of California
as sources of supply, but also those of southern Ore-
gon and possibly the Columbia River. All of these
possibilities are being considered, but it probably
will be many years before firm conclusions are
reached.

CONCLUSIONS

The upper Trinity River diversion into the Cen-
tral Valley is a proposed addition to the Bureau of
Reclamation plan. The export of water from the
basin to the San Francisco Bay area is a part of the
Central Valley Project. Additional importations
could be made from the northern coastal streams of
California into the Central Valley and the San
Francisco Bay area, but studies as to the need for
and economic feasibility of such projects are only
in the preliminary stages. Such diversions, how-
ever, are likely to be expensive. There are no im-
mediate demands which cannot be taken care of
within the basin. Diversions from other basins
therefore are a matter of long-term interest, but
they should not be ignored in comprehensive water
planning for the basin.

12. Integrated Planning, Construction, and O pera-
tion of Facilities for Water Use in the Central
Valley

THE ProOBLEM

The extent to which planning, constructing, and
operating water use projects should be coordinated.
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TuEe SiTUATION

Different criteria govern consideration of
planning, construction, and operation.

Planning.—Planning for regulation and use of
water resources in the Central Valley involves both
regional and basin-wide problems. The problems
are many and varied, often requiring specialized,
technical study, and concern numerous Federal,
State, and private agencies. In many cases the
benefits from a particular project are realized in
localities some distance from the site, and many
specific areas are benefited by more than one
project. Moreover, multiple-purpose projects pro-
vide services and benefits of more than one type.
Thus, planning activities must be coordinated on
an intraproject as well as on an interproject basis.

Many problems of an entirely local nature also
exist. In some cases local water problems are so
important as to make certain projects almost in-
dependent of basin-wide programs.

In the Central Valley, coordination and integra-
tion of the planning activities of the various Federal,
State, and local agencies have been maintained to
interchange basic data, furnish mutual assistance in
the case of specialized studies, and inform each re-
sponsible agency on progress, investigations, and
planning.

Generally, such coordination of effort has been
informal, and special steps are taken for closer co-
operation as the need arises. For example, a joint
committee was formed to consider the proper power
capacity to be provided in the Folsom Project on
the American River. This committee was com-
posed of representatives of the Corps of Engineers,
the Bureau of Reclamation, and the Federal Power
Commission as well as the California State Engi-
neer. In the past, such procedures have insured
generally satisfactory coordination among these
agencies on regional matters. Difficulties and in-
consistencies at the regional level are usually
caused by differences in policies, arising from dif-
ferences in legislative authority.

Coordination in the planning stage has been
lacking between the construction agencies and the
land-management agencies. As a result no con-
sideration is given to such matters as requiring
State or other public agencies to undertake proper
watershed management measures, or reducing the
rate of watershed damage.

Coordination between water project construction
and highway agencies also appears to be imperfect.
The programs of water projects are not specifically



made available to highway agencies long enough in
advance to permit integration with the regular high-
way construction program. The Bureau of Public
Roads reports that much wasted effort in highway
planning has resulted. Where programs are known
in advance, present practice does not permit water
development agencies to pay for highway relocation
until construction of the water project begins. The
State cannot undertake highway work near the
site until the project is under way, which sometimes
means a delay of several years.

Construction—The construction of Federal proj-
ects in the Central Valley has raised several prob-
lems in coordination. The timing and sequence
of construction of various units of a comprehensive
plan must be given consideration on a basin-wide
basis, but this is more properly a problem of the
planning phase. The rate of construction progress
is largely dependent on congressional appropria-
tions, and to that extent is beyond the control of the
constructing agencies. Federal agencies, how-
ever, have not always agreed on the assignment of
responsibility for constructing major projects, as
on the Kings or the Calaveras Rivers.

The Folsom Project, where the Corps of En-
gineers is constructing the dam and the Bureau of
Reclamation is authorized to construct the power
facilities, is an example of the need for coordina-
tion in appropriations. Numerous conferences be-
tween these two agencies have been necessary to
insure orderly economical prosecution of the work.
To this end the Corps and the Bureau are consider-
ing including in one contract the powerhouse sub-
structure excavation and concrete work for the
main dam. They are parts of the same structure,
and they should be built concurrently.

O peration.—Various projects for control and use
of water in the valley will require coordinated
operation for maximum benefits. For flood con-
trol, such coordinated operation is normally re-
quired from November through June. However,
during this period the flood control operation may
require accurate and rapid decisions as to reservoir
releases.

Irrigation also requires coordination seasonally,
usually from April through October. Because of
the transfer of waters from one basin to another,
coordination is required. The time element is not
so critical for the irrigation operations as for flood
control. Irrigation releases can be predetermined,
permitting operation more or less in accordance
with fixed schedules. In irrigation operations the
type of crop in the local service area is an important

consideration. Releases may be used for replenish-
ment of ground water supplies as well as for surface
application.

For most efficient hydroelectric power operation,
the outputs of existing and proposed Federal and
non-Federal plants should be physically integrated
into a common system. Therefore, a closely co-
ordinated operation of reservoirs which release
water to downstream power plants will be neces-
sary, on a daily or hourly basis, throughout the year.
Some coordination with steam-electric plant facili-
ties in the system will also be required.

Other project purposes which must be given at-
tention include fish and wildlife, recreation, do-
mestic and industrial water supplies, pollution,
navigation, and salinity repulsion. ~Although some
coordination is required for these functions, they
are of a more local character. Most interproject
coordination in such cases would be limited to a
few projects within a sub-basin.

Intraproject coordination is necessary to achieve
maximum benefits from multiple-purpose projects.
Shasta and Millerton Lakes, for example, are being
operated in the joint interest of irrigation, power,
and flood control, as well as other functions.

Independent operation, at least for some years,
is thought to be advisable for certain purely local
projects, some of which are single-purpose flood
control reservoirs, and some multiple-purpose proj-
ects. Examples are the existing and authorized
flood control reservoirs on the Merced County
streams and the authorized Solano Project on
Putah Creek. It is also quite likely that an irriga-
tion and flood control project in the Cache Creek
drainage would be operated independently of other
units in the Central Valley for an initial period.
Eventually, however, full development of the So-
lano and Cache Creek areas will require additional
water supplies which can best be obtained through
coordinated operation of these with other Central
Valley projects.

CONCLUSIONS

Complete coordination and integration of the
planning activities of all interested Federal, State,
and local agencies in the Central Valley should be
attained. This is necessary to insure full use of
available data and specialized personnel, to avoid
duplication of effort, and to give all concerned full
opportunity to participate in planning. It is neces-
sary more particularly to assure the best use of
resources for all purposes.
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Construction activities should be coordinated at
the regional level. But the proper timing of con-
struction or installation of the various elements of
a program is determined to an important extent
by the timing and amounts of appropriations.
Greater attention should be given to coordination
in this phase.

Coordination in operating water control projects
in the Central Valley is necessary if maximum bene-
fits are to be realized. This coordination is re-
quired not only among the various projects but also
among the several purposes of a particular project.
Coordination of operation will require close coop-
eration among all agencies, including local inter-
ests. Certain local services can be supplied best by
independent operation, and where practicable, they
should be so undertaken.

In view of the complexity of the program in the
Central Valley, the many agencies concerned, and
the need for close coordination, a more formal and
responsible coordinating procedure is indicated. A
river basin commission should be established. It
should consist of representatives from each of the
responsible Federal agencies, and provision should
be made for full State and local participation in
planning, construction, and operation. This is in
accordance with the Commission’s recommenda-
tions in volume 1.

D. Program Procedures

1. Irrigation Repayment Contract Principles

TrE PROBLEM

The time of repayment contract negotiation for
irrigation services provided by Central Valley reser-
voirs in relation to construction of those reservoirs.

Tae SITUATION

The Corps of Engineers and the Bureau of
Reclamation have been authorized to construct a
number of multiple-purpose reservoirs in the Cen-
tral Valley. Some of these are in operation and
others are under construction. The projects of the
Bureau were authorized under reclamation law and
the projects of the Corps were authorized by the
Flood Control Act of 1944.22  All of these projects
require that local interests using irrigation water
from the reservoirs repay a proportionate share of

2 Act of December 22, 1944, § 10, 58 Stat. 887, 891.
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the project cost, but problems have arisen in con-
nection with the making of repayment arrange-
ments for this irrigation service.

These problems stem from the question as to
whether existing reclamation law applies directly to
projects constructed under flood control law, and
from the broader question as to whether reclama-
tion law should apply to any reservoir project in
the Central Valley.

Conflicting interpretations of these acts with
respect to repayment policy have resulted in con-
fusion. Should the repayment policy for use of
irrigation water be the same whether the project
is built by the Bureau of Reclamation or the Corps
of Engineers? The unsettled question of whether
local irrigation interests are required to contract for
conservation use of the reservoirs with the Secretary
of the Army or the Secretary of the Interior adds
to the confusion.

Cogent arguments can be presented for either side
of the question as to whether or not reclamation law
should apply to all projects in the Central Valley.
Those favoring the application of reclamation law
cite the need for consistency throughout the valley,
as the Bureau of Reclamation has made and is
making repayment arrangements for irrigation
water provided at projects authorized under this
law. Those opposing the application of this law
claim that the provisions regarding acreage limi-
tations are not applicable in an area where irriga-
tion has been practiced locally for many years,
where water rights are established by State law, and
where most of the water to be provided by Federal
projects is of a supplemental nature. They fur-
ther cite the fact that the water from some projects
will be used on lands already fully developed, and
will be conveyed there by means of existing diversion
dams and canals.

There likewise are two points of view on the
negotiation of contracts before construction.
Many believe that irrigation repayment contracts
should be negotiated prior to construction of a
project on the grounds that otherwise it is very
difficult to consummate any agreement for reim-
bursing the Federal Government as required by law,
particularly where no works are necessary to convey
the stored water. However, in some instances such
prior contracts would not be necessary, provided
advance arrangements for acquiring water rights
to the unappropriated waters are made with the
State of California.

Proponents of prior negotiation call attention to
the fact that it is impossible to operate the reser-



voirs without incidentally providing significant
irrigation benefits, and that therefore local irri-
gators are inclined to delay negotiations with the
idea of receiving benefits without cost.

Others believe that repayment contracts need
not be made prior to construction. The principal
argument in support of this stand is that the flood
control to be provided by the projects is urgently
needed and should not be delayed. They also
contend that these projects are very much desired
by local interests and that proper arrangements
could be made for them to pay their equitable share
of the project cost, as indicated by offers received,
but that the difficulty stems from the larger question
of the applicability of reclamation law rather than
from evasive tactics.

An excellent example of the difficulties encoun-
tered because of the present situation is afforded
by the Pine Flat Project on the Kings River. The
1944 Flood Control Act? authorized this project
for construction by the Corps of Engineers, and
provided that the Secretary of the Army should
make the necessary arrangements for compensation
for conservation use of the reservoir. Subse-
quently, the Secretary of the Interior was directed
by the President to negotiate irrigation repayment
contracts for the use of water from this reservoir.
The project is under construction and will be
operated initially for flood control only, until such
time as contracts are obtained, although incidental
and automatic irrigation benefits estimated at from
10 to 25 percent of the benefits under a multiple-
purpose operation would result from flood control
operation.

The area which will use irrigation water stored
in Pine Flat Reservoir comprises numerous irriga-
tion districts and private irrigation companies. This
area is intensively irrigated, and a relatively large
portion of the total runoff of Kings River is now
used by direct surface application and by pumping
from the underground reservoir. The Bureau of
Reclamation, in accordance with the Presidential
directive cited above, is currently attempting to
obtain a repayment contract for the irrigation use
of Pine Flat Reservoir, but is meeting with serious
difficulty primarily because of the objection of local
interests to application of reclamation law.

Irrigation contract negotiations are especially dif-
ficult on Kings River because irrigation canals are
already constructed to use water from the reservoir.
Similar difficulties may appear in other areas where

# Ibid.

canals already are available, such as on Kaweah,
Kern, and Tule Rivers, and on Cache Creek.

Problems may also arise elsewhere, but probably
will not be so difficult because new canals will be
required. They will give greater control over the
use of water and therefore more opportunity to
enforce the provisions of reclamation law. It is
pertinent to note, in order to avoid the implication
that the difficulty has been concerned entirely with
projects of the Corps of Engineers, that the Bureau
in the past has had some difficulties in making
repayment arrangements with certain local irriga-
tion districts for water from its own Central Valley
Project. However, it is now thought that contracts
will be completed for all Central Valley Project
water in advance of completed construction.

CONCLUSIONS

The differences in basic laws under which Fed-
eral reservoirs are constructed in the Central Valley
lead to serious inconsistencies and difficulties in the
negotiation of repayment contracts for water con-
servation features. Two basic policy problems are
involved:

(1) Should land limitation and antispeculation
provisions of reclamation law apply to all lands re-
ceiving regulation and conservation benefits from
federally constructed reservoirs whether such bene-
fits are a primary objective of construction, or inci-
dental to operation for other primary purposes and
largely supplemental water supply for distribution
facilities already available?

(2) What means are there to enforce negotia-
tion of repayment contracts?

It is suggested that the following procedure be
made obligatory, by legislation or other means
needed to establish it:

The same policy should apply to all projects hav-
ing irrigation benefits, whatever the construction
agency.

Contracts should be negotiated prior to construc-
tion where important irrigation benefits accrue from
a project. However, this should not be so inter-
preted as to preclude the construction of a project
in which very minor irrigation benefits are inci-
dental to construction for other purposes, and where
contracts cannot be negotiated.

Where there are important irrigation benefits
every effort should be made to secure agreement or
contracts with the State or local interests in which
reimbursement for surface and ground water bene-
fits will be considered together.
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In cases where supplemental water may be sup-
plied to areas already under irrigation but where
some existing farms exceed the acreage limitations
of reclamation law, provision can be made to supply
those farms with an equitable share of water under
utility-type contracts, as recommended generally by
this Commission.?*

2. Acquisition of Property in Reservoir Areas

TuE PrROBLEM

Hardships caused by land and property acqui-
sition for reservoir purposes and means of alle-
viation.

THE SITUATION

As in other basins, a delay occurs under present
procedures between authorization of a Federal
reservoir project and beginning of property acqui-
sition in the reservoir area. This normally results
either from lack of appropriations or deferral of
the acquisition program by the construction agency,
especially when the construction period is long.
When the land acquisition program is undertaken,
it is usually completed as rapidly as possible in order
to clear the reservoir area for its intended use.

These procedures can produce adverse results,
their extent depending on the current economic
situation in the locality. Where land is at a pre-
mium, the adoption of a project will result in price
inflation on reservoir lands due to speculative
activity. This will increase with time as the actual
acquisition of project lands is deferred. Specula-
tive building and minor improvement will also take
place in order further to inflate the land prices.
These conditions operate to increase project cost.

Under depressed conditions, hardships are im-
posed on property owners in the reservoir area in
two principal ways:

After project authorization and pending Federal
acquisition, the property in the reservoir area is
generally unsalable because it has no future use
other than for flowage and if purchased it usually
is for speculative purposes. Secondly, upon initia-
tion of the acquisition program the accelerated pur-
chasing of reservoir property immediately throws
the majority of the original owners into the market
for replacement of their former holdings.

* See volume 1, p. 174.

The first type of hardship is particularly severe
on a property owner who, due to financial circum-
stances, may be forced to sell his holdings. The
lack of a normal market in view of the impending
reservoir construction could result in his receiving
a greatly reduced price and consequent financial
loss. Also, with impending dislocation, a property
owner is deterred from making improvements
which might afford him a better return on his
investment.

When the property owners are bought out, the
majority will desire to relocate in the same general
vicinity on holdings where they can carry on their
accustomed endeavors. In an agricultural area, for
example, farmers would normally prefer to buy
farms of about the same type and quality as their
previous farms, so as to use the knowledge they
possess.  Although owners receive a fair price for
their holdings they are furnished no assistance in
relocating.  The suddenly engendered competition
in the local market may increase prices to where
some of them will be unable to relocate and those
who do may suffer serious loss due to the higher
price they are forced to pay for equal or inferior
properties. The knowledge of the difficulties with
which they will be faced in relocating has caused
owners of property in proposed reservoir areas to
oppose the adoption of many worthwhile reservoir
projects.

These conditions apply mainly to the upper
Sacramento Valley. For the Central Valley as a
whole, the problem cannot be considered serious.

Where relocation of an entire urban community
is required, it is usually carried out as a part of the
Federal project. Even in such cases hardships are
encountered by the affected residents because they
are divorced from normal service facilities, stores,
schools, and churches during the time removal and
relocation are in progress. Any delay in the process
results in prolonging upset conditions.

One case in the valley is the Isabella Project,
which is under construction on the Kern River.
The reservoir will inundate the towns of Kernville
and Isabella as well as agricultural lands. Isabella
will be abandoned as a town, but Kernville will re-
establish itself about 8 miles upstream. This en-
tails a troublesome problem in the relocation of
roads, power lines, and telephone lines to serve the
new community, in addition to the acquisition of
the properties and improvements which will be
inundated. The problem is complicated by inade-
quate appropriations to permit satisfactory reloca-
tion in a relatively short period.



CONCLUSIONS

Present procedures for property acquisition in
flowage areas of authorized reservoirs result in hard-
ships to the affected property owners, excess costs
to the Federal Government, and delays and oppo-
sition to the Federal program. The procedures
could be improved both from the standpoint of the
property owners and the Federal Government if
sufficient funds were available to initiate an orderly
program of land acquisition as soon as practicable
after project authorization and all property owners
were assured of Federal assistance in resettlement.
Such a program would provide a ready and fair
market for property where the owners desire an im-
mediate sale, and assistance in expeditious reloca-
tion would remove many of the objections now
encountered.

An orderly acquisition program immediately un-
dertaken upon project authorization would also
provide time for acquisition and resettlement prior
to flooding of the reservoir area, without sudden
disturbance of the property owners and inflation of
the market for surrounding property. The pro-
gram could be implemented by creation of a re-
volving fund for use by each Federal construction
agency in land acquisition and a grant of authority
and funds to appropriate Federal agencies to as-
sist the affected property owners in resettlement.
Repayment of appropriations from the revolving
fund might be from appropriations for project con-
struction. This revolving fund also could be used
to aid in the relocation of roads, and promote the
efficiency of State highway organizations in meeting
their responsibilities in the project area.
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Chapter 6

Elements of a Plan for

Full Development

The Central Valley Basin is best considered in the
light of its relations to the larger region of which
it is a part. The valley dominates the State in
several important ways, particularly through the
amount and central location of its water resources.
Further use of those resources can be planned effi-
ciently only in terms of the potentialities, functions,
and needs of California as a whole.

Considered in this manner, the use of valley water
resources assumes an important, if not an indis-
pensable place among water resources programs in
the United States. The already large population
of the State, its environmental attractiveness, its
first-rank strategic location, the presence of im-
portant defense industries in the San Francisco and
Los Angeles areas, and the State’s dominant posi-
tion as a producer of minerals, forest products,
fishery products, and specialized agricultural com-
modities combine in raising California to a com-
manding position in the national economy.

California always will be faced with difficult
problems because of inadequate water supplies in
the most densely settled sections of the State. Cali-
fornia’s future therefore rests upon ingenuity and
effort in bringing water to ever-demanding lands
and cities. Basin plans, because they concern the
heart of the State’s water sources and the center of
long-range distribution systems, give some important
clues as to California’s future. They are, of neces-
sity, complex plans. They must be adapted to the
already intensive development, and thread their
way among the maze of established water rights,
peculiarities of land holding and social structure,
jurisdictional interests of localities, State, private,
and Federal agencies, and conflicting views on ac-
ceptable objectives of national policy.

The elements of a plan here presented do not
represent a final answer to all known problems nor

a reconciliation of all conflicts recognized. There
is, however, much of the future of California in

them.

Ultimate Objectives of the Plan

A wide variety of elements enter into consider-
ation of water resources developments in the Cen-
tral Valley Basin. Nearly all of the purposes to-
ward which they are directed enter Central Valley
plans. Foremost among them, however, are irriga-
tion, electric power generation, urban water supply,
and flood control.

Irrigation

Irrigation agriculture is the basic economic activ-
ity of the Central Valley and will continue to hold
an important place, although increasing industrial
development in the adjacent San Francisco and
Los Angeles areas, and to a lesser extent in the Cen-
tral Valley itself, is exerting an influence on the
area.

The long-range objective in the Central Valley
is the full economic use of all irrigable lands in the
basin. It would be desirable to increase the self-
sufficiency of the area, particularly in milk and
meat products, which presently are deficient. The
Central Valley also raises many specialty crops, for
which there is a relatively limited growing area
throughout the Nation.

Irrigation expansion includes three major phases:
(@) maintenance and improvement of irrigation
agriculture with supplemental water, especially in
areas where ground water pumping exceeds natural
replenishment, (b) increase of crop production by
converting presently dry-farmed lands to irrigated
lands, by which crop yields can be increased several



times, and (¢) bringing in irrigable uncultivated
lands.

Nearly one-half of the more than 4 million acres
presently irrigated in the Central Valley is in need
of supplemental water, and an additional area of
from 3 to 6 million acres awaits life-giving water.

The many uses which can be found for every
acre-foot of water, even in irrigation alone, make
it imperative to plan the most efficient use possible
of the natural water supply of the basin. To this
end reduction of every nonconsumptive disappear-
ance of water should be sought. A reduction in
evaporation losses through underground storage or
other means will be an important consideration in
planning.

In addition to the construction activities, as new
areas are brought under irrigation, farmers should
be provided with technical assistance in land prep-
aration, in laying out irrigation systems, and in
planning and applying sound cropping and irri-
gation practices. In many irrigated areas farmers
also need technical help to improve present irriga-
tion practices and make more efficient use of water.
In both the new and existing irrigated areas there
are needs for long-term credit to permit farmers
to finance the installation of new or improved farm
irrigation systems. Such measures will help to
make the best use of primary facilities to be
constructed.

Power

Electric energy in the Central Valley and the
adjoining San Francisco Bay area is obtained from
a systemn including both hydroelectric and fuel-
electric plants. This combination is essential be-
cause the hydroelectric potential is insufficient to
meet power needs; characteristics of the stream flow
are variable; and storage regulation must be pre-
dominantly for irrigation and municipal purposes.
Power loads are steadily increasing as industrial
activities expand, population increases, and irri-
gation is extended to new lands.

A balanced program for meeting these power
needs will involve the further construction of both
hydroelectric and fuel-electric plants. California
has been favored with relatively large quantities
of oil and gas, which are used to generate power.
These reserves are exhaustible, and development of
as much hydroelectric power as possible is desirable
so as to conserve regional fuel supplies.

Full economic development of potential hydro-

70

electric capacity in the Central Valley should be
sought.

Municipal and Industrial Water Supply

The San Francisco Bay area already is using most
of its local water resources and is obtaining a large
part of its supply from the Central Valley. Steadily
increasing demands will have to be met largely
from the Central Valley, with possible assistance
from some of the northern coastal streams of Cali-
fornia. Demands are increasing in the Central
Valley itself. Provision for the expanding munici-
pal and industrial needs of this area is therefore
an essential element in the Central Valley program.

Flood Control

Under natural conditions, about one-fourth of
the main valley floor of the Central Valley was sub-
ject to annual or periodic overflow. All but a small
portion of this land has been reclaimed through the
construction of levees and is used primarily for irri-
gated farming, but includes considerable areas of
urban and industrial land. Many levees can be
overtopped or breached during large floods.
Tributary valley areas are in many cases unpro-
tected from flood damage.

Flood control reservoirs or storage capacity for
flood control provided in multiple-purpose reser-
voirs will protect downstream areas in the tributary
valleys on which they are located and will con-
tribute toward a higher degree of protection on the
main valley floor. Additional flood protection is
needed in many areas and should be provided to
the maximum economic extent, for without ade-
quate flood protection, both the rural and urban
economy of the basin can be impaired.

Navigation

A ship channel has been constructed from San
Francisco Bay to Stockton, and another is under
construction to Sacramento. These are the two
principal cities in the Central Valley which can be
reached economically by ocean vessels. In addi-
tion, the Sacramento River upstream to Red Bluff,
the lower reaches of the Feather and Mokelumne
Rivers, and the San Joaquin River and its distribu-
taries in the delta have been improved for shallow
draft navigation. The improved channels consti-
tute a transportation network and also serve to carry
flood flows, as well as irrigation water in transit



from the Sacramento River to the San Joaquin
Valley. The most important of these projects are
within the tidal influence of the ocean and do not
require fresh water for their operation.

Navigation on the Sacramento River above Sac-
ramento involves the operation of Shasta Reservoir
to provide certain minimum flows in this reach for
navigation purposes. Reservoir releases for irriga-
tion in the summer and tributary inflow during the
winter provide sufficient water in the Sacramento
River above Sacramento for navigation during a
major portion of the year. However, periodically
special releases primarily for navigation are re-
quired. These will flow out to the ocean unused
for irrigation.

The need for water for irrigation and municipal
and industrial purposes is much more critical, and
its value is higher, than for navigation. Therefore,
in the course of time it would appear desirable to
eliminate special water releases solely for naviga-
tion. This will not necessarily mean the elimina-
tion of navigation above Sacramento, since reservoir
releases for other purposes, including salinity con-
trol and tributary inflow, will be sufficient to main-
tain navigation depths for a major part of the year.
If year-round navigation later is considered desir-
able and is found to be economically feasible, a
slack water navigation channel could be built.

Watershed Management and Sediment Control

Watershed management is an essential element
in the water plan for the Central Valley. It is
needed in order to prolong the useful life of proj-
ects, to provide maximum amounts of usable water,
and to conserve and protect the productive capacity
of the valley’s soil resources. Watershed manage-
ment, which is partially in effect now for many of
the Federal headwater lands, should be intensified,
and should be basin-wide, especially in view of the
fact that practically every major streamn has or is
proposed to have on it one or more water develop-
ments. Capable, intelligent watershed manage-
ment should precede the construction of the facil-
ities whose life and functions may be significantly
affected by untoward practices or uses within the
watershed. At the very least, adequate land treat-
ment programs should be established in significantly
affected project areas to proceed concurrently with
engineering construction.

Watershed management is not considered a sub-
stitute for, but instead insurance for and comple-
ment to, downstream water resources development.

Fisheries

Salmon and steelhead trout are desirable re-
sources of the Central Valley, especially for sports
fishing. Their maintenance is proposed in the
plan for as long a period as is possible by deferring
projects on the upper Sacramento River (like Iron
Canyon) which would destroy the more valuable
spawning beds. In time, it may be possible
to work out methods whereby the loss of these
spawning grounds would not destroy the resource.
For instance, if proper steps are taken, north coastal
streams of the State may well supply a better pro-
duction of anadromous fish than they now do.

However, when the need for water development
becomes so acute that a choice must be made be-
tween water for the general economy of the basin
and fisheries, a decision will have to be made based
on a determination of the relative value of the con-
tribution of each to the national and regional
economy,

Recreation

The Sierras are the natural playground for the
residents of California. Every year an increasing
number visit the State parks and forests and na-
tional parks, monuments, and forests. Although
the mountains with their big trees and interesting
geology attract many, people flock to those areas
which in addition provide water recreation in vari-
ous forms. Unfortunately, these developments are
not numerous, considering the population and the
accessibility of places in the basin. There are so
few of these that any new water resources develop-
ment immediately attracts attention.

Recreation must be an element in the full plan
for using the resources of the valley. Recreation
facilities should be provided in nearly every water
resources reservoir project, some reservoirs operated
with due regard to recreational uses and values,
and water released into normal stream channels to
meet sport-fishing requirements. There should
also be provided necessary access to the reservoir
area, and sufficient publicly owned land about the
lake to enable public control of use and improve-
ments and to obtain full values from the whole
reservoir area. Cooperative action of Federal,
State, and local agencies will be needed to procure
the best form of planning, construction, operation,
and maintenance.

Envisioned also as part of the full use of all of
the recreational potential is greater provision for

71



recreational use of the Federal lands. Many oppor-
tunities exist which only await adequate funds for
facilities and maintenance.

Pollution Abatement and Insect Pest Control

Primary treatment of all raw sewage is needed.
This is emphasized by the already dense and still
growing population of the central California area,
future possibilities of industrial development in the
valley, the scasonal nature of natural water flow,
and the danger inherent in use of polluted water
for irrigating some vegetable and fruit crops.

Some pollution abatement can be obtained by the
release of water from reservoirs for other purposes,
like prevention of salt water encroachment from
San Francisco Bay into the lower reaches of valley
streams. Such flow, however, is not thought to be
sufficient to remove all hazards from bacterial in-
fection during low water periods. Treatment
appropriate to local conditions and downstream
water uses of all raw sewage and harmful industrial
wastes therefore is an element of a full plan.

Maintenance of adequate mosquito prevention
measures also is included.

Unified Planning and O peration

Nearly all reservoirs included in the compre-
hensive water plans for the Central Valley serve two
or more purposes. This is primarily due to the fact
that runoff can be predicted accurately, permitting
multiple-use of reservoir space without too serious
conflict. Operation of these reservoirs on a com-
mon stream systemn must be coordinated with each
other and with related canals, flood channels, and
power facilities in order to meet the irrigation,
flood control, power, and related needs of the basin.
Because these reservoirs affect or are affected by the
use or treatment of watershed lands or their re-
sources, it is essential that operating plans for water
developments include consideration of or provision
for the related watershed operations as well.

A fully coordinated plan of operation is essential
to the success of a program. Work toward that
end should be continued and a suitable organiza-
tional arrangement achieved which will assure full
attainment of the major objectives. Wasteful con-
fusion, whether caused by conflicting State and
Federal statutes or by organizational misunder-
standings, is not in the public interest.
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The Rate of Development

No detailed guide for the rate of completion of
stages in a plan for full development can be pre-
sented for any river, since much depends upon
events which may not be foreseen. FEconomic
trends, international affairs, and technological dis-
coveries can influence the composition of any de-
velopment plan in a significant manner. One ele-
ment of a desirable plan for the Central Valley,
therefore, is flexibility and adaptability to future
trends. The main objective, namely the greatest
public good, should be kept constantly in mind and
in the forefront of comprehensive plans.

The major purposes to be served by future water
resources developments in the Central Valley are
irrigation, flood control, and power. Multiple-
purpose projects will be key developments in meet-
ing major objectives. Most potential reservoir
projects will serve at least two of the major purposes
noted, and many will serve all three.

The construction of multiple-purpose reservoirs
therefore is fundamental to future plans for each of
the individual functions to be served. Conse-
quently, the question of rate of development and
stages in the plan cannot easily be separated by
function; the several functions are inextricably tied
together in the multiple-purpose reservoir projects.

All available evidence points to the need for ad-
ditional electric energy in the Central Valley and
adjoining San Francisco Bay area which can be
met by construction of power facilities in conjunc-
tion with multiple-purpose water projects.

The need for additional irrigation water is also
great. The initial features of the Central Valley
Project were intended primarily to meet the first
of these needs, particularly to replenish ground
water in the San Joaquin Valley. However, the
project has been long in building, because of its
magnitude and delays occasioned by World War II.
In the 13 years since it was started, additional needs
for supplemental water have developed. Further-
more, there is an insistent demand within the basin
for water for new irrigation, which should be met
insofar as is compatible with: (a) a program of
providing needed increments of agricultural prod-
ucts in the region or in the Nation as a whole;
(b) demonstrated need within the region for addi-
tional agricultural products, farm employment op-
portunities, and balance of urban and industrial
development; and (c) an accepted basin-wide plan
for most efficient use of water.



Flood control is urgently needed in certain areas,
and a higher degree of flood protection is required
in other areas. Most of the basin area subject to
flood damage already has received a certain degree
of protection, but the rapid economic growth in
recent years has increased the need for flood control.

Municipal and industrial water is critically
needed in a few limited areas.

Navigation should be maintained, and extended
as need develops, insofar as it does not conflict with
uses of water for beneficial purposes of higher pri-
ority.

With the foregoing background regarding the
water needs by function, it is suggested that in the
advancement of the program by all interests con-
cerned, the following criteria be applied to project
selection:

1. Preference should be given to those units
which are in a position to meet several of the needs
through construction of a single facility.

2. Preference should be given to water conser-
vation projects which incorporate power develop-
ment. It would be desirable not only to eliminate
present water supply deficiencies but also to keep
the construction of reservoirs (water-conserving
features) in appropriate balance with canals (water-
consuming features). This will involve construc-
tion of reservoirs at least as rapidly as water
demands increase, but in cases where irrigation
demand promises to develop slowly, the reservoirs
could appropriately be constructed ahead of the
canals. If reservoir development includes power,
it can be operated primarily for that purpose dur-
ing the interim period while the water demands
build up. In that way it can help meet the power
needs of the area and conserve fuel resources.
Furthermore, the construction of reservoirs ahead
of the canals would permit greater flexibility in
providing additional irrigation.

3. Effort should be made, as early as possible,
to make use of feasible underground storage.

4. A high order of priority also should be given
to power developments needed to fill any gap be-
tween aggregate power requirements and the
amount to be provided through multiple-purpose
projects.

5. Consideration should be given to specific
projects which will fill critical local needs.

Watershed management programs also should be
intensified at an early date throughout the basin.

Appropriate land management programs are
needed in the headwater areas, in the foothills,
and in the valley proper. The general purposes of
the several programs would be to conserve the soil
resources, to promote better water-flow conditions,
and to increase agricultural and forest production.
Specific attention should be given in headwater
areas to those measures which would increase water
yields during periods of low flow and would prevent
or control erosion.

High on the list of specific needs in the drainage
basins are intensification of forest fire control,
reclamation of denuded and depleted land, and
better management of forest and range lands, both
public and private. Intensification of soil and
water conservation practices on the presently irri-
gated land are needed also to obtain better returns
from the amount of water used in agricultural pro-
duction. Such programs would increase produc-
tion, raise the efficiency of both water and soil, and
reduce losses.

Positive steps must also be taken in water and
land programs to maintain the desired level of fish
and wildlife production. Such levels can be pro-
duced by operations designed to enhance these
natural resources through improvement or main-
tenance of the habitat, and managing the resources
in accordance with sound conservation principles.

Further, positive steps in pollution control should
not be deferred. Such steps should include not
only the maintenance of adequate flows, but a
reduction in the various pollution hazards. Asso-
clated with this phase of the program is the main-
tenance of the mosquito control effort.

Provision for growing recreationzl needs must be
kept in step with other development. Provision
should be made in water resources projects for all
types of recreation practicable at the speed con-
sistent with availability of funds.

Available data should be supplemented by an
expansion of resources surveys in practically all
fields of effort. More data and research are
needed. The availability of maps, all kinds of
physical, economic, and social data, and the results
of research, are essential to the proper planning
and the successful construction and operation of the
many projects which are involved in or related to
the use and control of the water resources. Addi-
tions are needed to the information already avail-
able to assure full success of these undertakings.
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Stages in Attaining Full Development

The time necessary to reach full development
and the rate at which that development should or
will occur are virtually impossible to forecast, ex-
cept for a few years in the immediate future. How-
ever, it is possible to see the present and near future
An initial stage of development
intended to meet these needs is presented. No at-

needs of the basin.

tempt is made to itemize future stages by individual

features, because sufficient data are not available

to make sound selections between alternative plans.
Initial Stage of Development

Based on the data available the projects and pro-
grams which are considered appropriate to the in-
itial stage of water resources and related develop-
ment in the Central Valley Basin are listed below.

TABLE 4.—Initial stages of Central Valley projects and programs

Project or program Organization Primary purposes of physical features
UNDER CONSTRUCTION OR IN PROGRESS

Central Valley Project—initial features...... Bureau of Reclamation. ...... Irrigation, flood control, power, municipal
and industrial use, navigation, fish and
wildlife, recreation.

Central Valley Project—distribution B 170 T T PO T Irrigation.

FolSom ReSErVOIT. « v v v e e e ee e, Corps of Engineers........... Irrigation, flood control, fish and wildlife,
recreation, municipal and industrial use.

Folsom Power Plant................ovu... Bureau of Reclamation. . ..... Power.

Pine Flat Reservoir. .. vvvvvnvinennnnenaes] voeen do.ivivviininn, Flood control, irrigation.

Isabella ReServoir. covvvvevirvneneeanaana] soee do..iiiiiieiniiinnin Do.

Cherry Valley Project.......oevuvevernn.. San Francisco............... Power, flood control, municipal and in-
dustrial use.

Big Creck No. 4 Project. . ..oovevenenennns. Southern California Edison Co.| Power.

Bear River Project (Mokelumne Reservoir). , .| Pacific Gas & Electric Co. . .. Do.

Farmington Reservoir..................... Corps of Engineers........... Flood control.

Merced County group. .. «vvveevnvevennensfeenes do..vevinniiiiia., Do.

Sacramento deep water channel.... ....... [----- do.....ooiviiii Navigation.

Miscellaneous channel improvements (4 |.-.-- doooovniniiiilt,

projects).
Transmission SYStemS. c.uvevvvuereinrennnes Department of the Interior....| Power.

Partial watershed management and land
treatment programs.,

Fish and wildlife facilities for projects above..

Recreation facilities in connection with above
projects.

Pollution control by local agencies..........

Collection of basicdata. ..................

AUTHORIZED 1
Solano Project. ......oovvviiniiiiin,

Butte Basin By-Pass. . ......cccovvunennn.
Sly Park Unit......covvvivvevn .

New Hogan Reservoir. .. .....coovviiene..
Black Butte Reservoir...... .
New Melones Reservoir...................
Terminus Reservoir. . ....................
Success Reservoir. .. ....oovvviiiinennn..
Miscellaneous channel improvements. .. ....
Bonneville Interconnection. . . cvvevveveenns
Waterfowl refuges............ cesctescsans

See footnotes at end of table,
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Department of Agriculture. ...

............................

Irrigation, municipal and industrial use,
recreation.

Flood control.

Irrigation, recreation, municipal, and in-
dustrial use.

Flood control, irrigation.

Irrigation, flood control.

Irrigation, flood control, power.

Flood control, irrigation,

Flood control, irrigation.

Flood control.

Power.

Fish and wildlife,



Project or program

Organization

Primary purposes of physical features

UNDER INVESTIGATION

Unselected projects, with 2 million kilowatts

of POWeEr Capacity.....vovvviveennerrnen]iosanssenneans

Augmented watershed management and land

treatment Program. . ....euvvveaeneosnnaloseransoenanns

Comprehensive fish and wildlife management

Comprehensive recreational program.......jveeeeveresasss
Augmented pollution control program......[c..eeeveeees..
Augmented program of basic data collection. .|..............

..............

..............

...............

..............

1 As investigation proceeds, it is possible that some authorized projects may prove to have lower priority in order of con-
struction than some projects now unauthorized, but under investigation.

The facilities included in the initial stage for irri-
gation are designed to provide water for both
supplemental and new irrigation for approxi-
mately the following areas:

Area supplied with water

Supplemental]  New

Acres Acres
Projects under construction. . ... 1, 400, 000 500, 000
Projects authorized. .......... 370, 000 100, 000
Projects under investigation....| 1,500,000 | 1,000, 000
Total. ...oovvvvunnnann. 3,270,000 | 1, 600, 000

The projects named above would provide an
additional installed capacity in the area totaling
1,298,000 kilowatts, of which 200,000 kilowatts
would be in the authorized steam-electric plant of
the initial Central Valley Project. In addition
188,000 kilowatts are under construction by local
private and public agencies, 234,000 kilowatts are
in authorized Federal projects. ~Although the fore-
going installations would provide over 1 million
kilowatts of additional capacity, it has been esti-
mated that the power load in the region will require
more than 3 million kilowatts in new capacity dur-
ing the next 20 years,

It will therefore be necessary during the initial
stage to provide approximately 2 million kilowatts
of capacity in addition to that included in the
specific projects listed above. This additional

capacity could be obtained partially from fuel-
electric plants and partially from hydroelectric
plants, both single-purpose and multiple-purpose,
The undeveloped hydroelectric power possibilities
that would be available for both the initial and long-
range needs are estimated to be some 4.6 million
kilowatts capacity, with potential annual generation
of 22.5 billion kilowatt-hours. Further studies will
be required for selection of the more favorable of
these for early construction.

Operation of reservoirs included in the initial
stage for flood control and related channel improve-
ments would provide increased flood control for
more than 40 existing urban areas and almost 2
million acres of rural land.

The improvement of watershed conditions is an
important element of the initial stage of develop-
ment in Central Valley. On forest lands this calls
for, among other things, an intensified fire control
program, reforestation of denuded areas, construc-
tion of access roads, and public acquisition of forest
lands that cannot be properly managed under
private ownership. The proper stocking and
rehabilitation of eroding range lands should be ac-
complished in the initial stages of basin develop-
ment. The stabilization of upstream drainage
ways and small tributaries by structures and vege-
tative plantings is needed.

At the present rate of adoption of conservation
practices on cultivated lands, it will be more than
a century before the productivity of these lands will
be stabilized. In the meantime great loss of soil
resources will have occurred. The adoption of
conservation practices on croplands needs to be in-
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cluded in the initial stage of development on an
intensified scale.

The improvement and rehabilitation, where
needed, of farm irrigation systems and privately
owned group enterprises should be accomplished in
the near future. This calls especially for improved
water distribution systems on farms to make better
use of water and minimize erosion and salinity
losses. Where feasible, adequate drainage of wet
areas where water accumulates by seepage or other-
wise should be included in the initial development
stage. Additional investigation of the possibilities
of underground water storage is urgently needed.

Land owners and operators, in order to make the
improvement and adjustments needed, will require
credit greatly in excess of amounts presently avail-
able through Federal credit agencies.

The present fish and wildlife program in the Cen-
tral Valley includes a number of activities which
are in progress by the Fish and Wildlife Service, the
California Division of Fish and Game, and other
interested groups. Among them is a research pro-
gram which includes as one of its important ele-
ments the study of the life history of salmon and
trout. These agencies also should be enabled to
investigate the effects of water projects on fish and
wildlife and recommend means and measures to
propagate them and to prevent losses.

Other programs in which the State and Federal
Governments cooperate are wildlife restoration and
waterfowl management, the latter including the
maintenance of waterfowl habitat, alleviation of
crop depredations, and the provision of public
shooting grounds. The State and Federal Govern-
ments presently operate eight waterfowl areas in
the Central Valley with a total area of 31,000 acres,
and authorization has been obtained to expand cer-
tain of these to provide two new areas, increasing
the total area to 70,000 acres. The initial stage
for future development in the Central Valley would
include a continuation and expansion of these vari-
ous activities with the objective of developing and
maintaining a comprehensive program for conser-
vation and management of fish and wildlife re-
sources at the highest practicable level.

Recreation facilities have been provided at both
Shasta and Friant Reservoirs, and plans are being
drawn for Folsom, Pine Flat, and Isabella Reser-
voirs. These recreation facilities in conjunction
with water projects will help meet the increasing
demand for active recreation pursuits such as swim-
ming, boating, and fishing. The initial stage con-
templates continuation of the programs under way
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and the initiation of similar activities at other res-
ervoir projects as they are undertaken, so as to con-
tribute as fully as possible to the over-all recreation
needs.

Pollution control is being undertaken under State
and local auspices. A recently enacted State pollu-
tion control law will probably result in increased
activity toward solving pollution problems. The
initial stage contemplates an expansion in this ac-
tivity to the end that all sewage and other wastes
will be sufficiently treated so that they will not
unduly contaminate waters used for domestic pur-
poses, irrigation, and recreation. Similarly, it is
contemplated that the current mosquito abatement
program will be expanded.

The collection of basic data needed to correct
present deficiencies should be given high priority
in the initial development stage.

Future Stages

The control and use of the water and related
resources must be conceived as a continuing process
to meet the increasing needs of the basin and of the
adjoining areas. The projects and programs of the
initial stage, as described in the preceding para-
graphs, can be expected to merge into future stages,
which will include as one primary objective the
construction of the necessary facilities to provide
additional irrigation and municipal and industrial
water supply.

Power projects, including both multiple-purpose
and single-purpose hydroelectric facilities and fuel-
electric plants, will be needed in addition to the 3
million kilowatts capacity of the initial stage. Im-
provements of navigation facilities would be under-
taken as required. As more intensive use is made
of lands, some increased flood protection through
additional reservoirs and channel improvements
will be necessary. Programs such as watershed
management, land treatment, fish and wildlife,
recreation, and pollution control will also be re-
quired on a continuing basis through future stages
of development.

The Future Region

The progressive development of the remaining
unused water and land resources of the Central
Valley will permit the continued expansion of the
economic and social structure of the area. Agri-
culture has long been the predominant economic



activity of the basin. The provision of additional
water for presently irrigated land will preserve that
part of the resources base which is faced with cur-
tailed production because of water shortage. De-
velopments also will make possible expansion of
this base.

However, even taking into account the possible
new developments, it is not considered likely that
irrigation will provide support for more than
700,000 additional people in the Central Valley,
including those indirectly dependent on farming
activity. This may not be more than 10 percent
of the actual population increase in Galifornia by
the time construction of facilities and settlement
have been completed. It is therefore evident that
searching attention will have to be directed toward
other means of supporting people, particularly in
manufacturing.

Industrial development in California has been
concentrated largely in the Los Angeles and San
Francisco areas, the latter of which is dependent
in large measure on the hydroelectric power and
the raw materials produced in the Central Valley.
Further water resources development in the basin
will help to support those areas. It also may be
expected that industries will increase in the Central
Valley itself. The trend already has started, and
from a strategic point of view it should be en-
couraged.

Through increases in the agricultural and indus-
trial potential of the region, large additions to
population can be maintained, provided the
planned development is pushed forward speedily.
The capacity of the area for population increase is
so great that extraordinary measures ultimately may
be required if water development is allowed to lag.

On the other hand, if water development pro-
ceeds apace, California will assume an even more
important role in the economic life of the Nation.
California already has passed far beyond the stage
of being one of the western “open spaces.” In-
tensive further strengthening of the weakest link in
its resources chain—water—is vital in permitting
the region to build further, and to avoid possible
distress.

Achieving Water Development
Objectives
Previous and present investigation of plans for

use of water in the valley, starting with those of the
State several decades ago and including current

Federal and State studies, have given full con-
sideration to the major present and ultimate needs
of the area on a basin-wide basis, including prin-
cipally irrigation, municipal and industrial water,
flood control, navigation, and power. Other
phases, such as recreation, fish and wildlife, water-
shed management, and pollution control, have not
received the same degree of attention, but there is
a growing realization of the importance of these
activities, with the result that they are beginning
to assume a more appropriate place in planning.

Interagency cooperation in the development of
physical plans for the Central Valley generally
has been carried on, although there is room for
improvement. On some policy matters, equal co-
ordination has not been possible. This has resulted
from the fact that the State has opposed certain
Federal water resources policies, and the further
fact that the Corps of Engineers and Bureau of
Reclamation, with the cooperation of other Federal
agencies, are engaged in the planning, construction,
and operation of similar and adjacent projects on
the basis of differing basic legislation.

Although much progress already has been made
in the conservation and use of the water resources of
the Central Valley Basin, and an extensive program
is in progress, there are a number of problems which
are tending to prevent most effective development.
The following are considered to be important:

1. Conflicting views and interpretations of
policies and legislation relating to the distribution
of irrigation water from Federal projects need to
be resolved. This general problem involves ques-
tions such as the application of the acreage limita-
tion provisions of the reclamation law, which
Federal agency should negotiate irrigation repay-
ment contracts, and negotiation of repayment con-
tracts in advance of construction.

2. Recreation, fish and wildlife, watershed
management, and mosquito and pollution control
need to be brought more fully into the compre-
hensive plans and assigned their proper place in
the program.

3. A plan must be devised for integrating the
operation of the projects of various agencies both
physically and financially.

4. To the end that all elements of the program
will advance together, procedures need to be estab-
lished to permit increasingly effective participation
by interested Federal, State, and local public and
private groups in the planning, programing, financ-
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ing, and operation of water resources facilities. It
is particularly desirable that these procedures be so
established that they avoid the cumbersome nature
of present practice where long delays are often ex-
perienced in obtaining effective common action.
This is neither good business nor good government.
It is further desirable that regional representatives
of agencies be delegated more authority for coordi-
nation. Assistance toward resolution of these diffi-
culties can be given by the establishment of a river
basin commission for this area, as recommended by
this Commission.

5. Measures should be taken to keep appropri-
ations of all agencies concerned with the compre-
hensive development in proper phase. Budgets for
all water development purposes within the basin
should be considered as a unit.

There are, of course, many other lesser problems
which must be faced. The more important prob-
lems listed above, and the lesser also, can be solved
if all who are affected approach the situation with
the objective of developing a comprehensive pro-
gram in the best interests of all citizens, both in Cali-
fornia and in the Nation.

For sale by the Superintendent of Documents, U. S. Government Printing Office
Washington 25, D. C.

78






