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CHAPTER 832, STATUTES OF 1929

An act making an appropriaiion for ivork of exploration, i)ivestigation

and preliminary plans in fiirtherance of a coordinated plan for the

conservation, development, and utilization of the water resources

of California including the Santa Ana river, Mojave river, and all

water resources of southern California.

(I object to the item of $450,000.00 in section 1 and reduce the amount to $390,-

000.00. With this reduction I approve the bill. Dated June 17, 1929. C. C. Young,
Governor.)

The people of the State of California do enact as follows:

Section 1. Out of any money in the state treasury not otherwise

appropriated, the sum of four hundred fifty thousand dollars, or so

much thereof as may be necessary, is hereby appropriated to be

expended by the state department of public works in accordance with

law in conducting work of exploration, investigation and preliminary

plans in furtherance of a coordinated plan for the conservation, develop-

ment and utilization of the water resources of California including the

Santa Ana river and its tributaries, the IMojave river and its tributa-

ries, and all other water resources of southern California.

Sec. 2. The department of public works, subject to the other pro-

visions of this act, is empowered to expend any portion of the appro-

priation herein provided for the purposes of this act, in cooperation

with the government of the United States of America or in cooperation

with political subdivisions of the State of California ; and for the pur-

pose of such cooperation is hereby authorized to draw its claim upon
said appropriation in favor of the United States of America or the

appropriate agency thereof for the payment of the cost of such portion

of said cooperative work as may be determined by the department of

public works.

Sec. 3. T^pon the sale of any bonds of this state hereafter

authorized to be issued to be expended for any one or more of the pur-

poses for which any part of the appropriation herein provided may have
been expended, the amount so expended from the appropriation herein

provided shall be returned into the general fund of the state treasury

out of the proceeds first derived from the sale of said bonds.
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FOREWORD

This report is one of a series of bulletins on the State Water Plan
issued by the Division of Water Resources pursuant to Chapter 832,

Statutes of 1929, directing further investigations of the water resources

of California. The series includes Bulletin Nos. 25 to 36, inclusive.

Bulletin No. 25, "Report to Legislature of 1931 on State Water Plan,"
is a summary report of the entire investigation.

Prior to the studies carried out under this act, the water resources

investigation had been in progress more or less continuously since 1921
under several statutory enactments. The results of the earlier work
have been published as Bulletin Nos. 3, 4, 5, 6, 9, 11, 12, 13, 14, 19 and
20 of the former Division of Engineering and Irrigation, Nos. 5, 6 and 7

of the former Division of Water Rights, and Nos. 22 and 24 of the

Division of Water Resources.

The full series of water resources reports prepared under Chapter

832, twelve in number, are :

Bulletin No. 25—"Report to the Legislature of 1931 on State

Water Plan."
Bulletin No. 26—"Sacramento River Basin."

Bulletin No. 27—"Variation and Control of Salinity in Sacra-

mento-San Joaquin Delta and Upper San
Francisco Bay."

Bulletin No. 28—"Economic Aspects of a Salt Water Barrier

Below Continence of Sacramento and San Joa-

quin Rivers."

Bulletin No. 29—"San Joaquin River Basin."

Bulletin No. 30—"Pacific Slope of Southern California."

Bulletin No. 31—"Santa Ana River Basin."

Bulletin No. 32—"South Coastal Basin."

Bulletin No. 33—"Rainfall Penetration and Consumptive Use of

Water in Santa Ana River Valley and Coastal

Plain."

Bulletin No. 34—"Permissible Annual Charges for Irrigation

Water in Upper San Joaquin Valley."

Bulletin No. 35—"Permissible Economic Rate of Irrigation

Development in California."

Bulletin No. 36—"Cost of Irrigation Water in California."

This bulletin presents detailed data and information on the water

supplies and agricultural lands of the San Joaquin River Basin; the

history and present status of irrigation, flood control, navigation and

hydroelectric power developments; the utilization of water supplies

from surface and underground sources; the irrigable lands and water

requirements of the basin ; the major units of a plan for the ultimate

development and utilization of the water resources of the basin; and

a proposed plan for initial development, comprising units of the ulti-

mate plan immediately required to meet the deficiencies in water supply

for present developments and needs in the San Joaquin Valley.
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CHAPTER I

INTRODUCTION, SUMMARY AND CONCLUSIONS

The San Joaquin River Basin occupies that portion of California
lying between the crests of the Sierra Nevada on the east, the Coast
Range on the west, the San Emigdio and Tehachapi mountains on the
south, and bounded on the north by the lower San Joaquin, the
Mokeluinne and Cosumnes rivers. It is approximately 290 miles long
and 130 miles Made and embraces an area of 32,000 square miles or

about one-fifth of the area of the State. In the central portion of the

basin surrounded by mountainous areas lies the San Joaquin Valley,

an area of 13,000 square miles of gently sloping plains with predomi-
nantly fertile soils M^ell adapted to agriculture. The basin is drained by
the San Joaquin River and its many tributaries, comprising one of the

two largest stream systems within California.

The San Joaquin River Basin on the south and the Sacramento
River Basin on the north together form the Great Central Basin of Cali-

fornia, which reaches from near the northerly boundary of the State

to the Tehachapi Mountains a distance of about 500 miles or nearly
two-thirds the length of the State and occupies more than one-third

of the State's area. The Sacramento River Basin includes in its cemral
portion the Sacramento Valley which merges with the San Joaquin
Valley on the south to form a practically continuous area of 18,000

square miles of plains designated the Great Central Valley. This

northerly basin is drained by the Sacramento River and its many
tributaries which comprise the largest stream system wholly within

the State. The Sacramento and San Joaquin rivers flow toward each
other and meet in a network of channels forming a common delta,

finally combining to discharge through a common mouth into Suisun
Bay and thence through San Francisco Bay into the Pacific Ocean.

The San Joaquin River Basin is devoted chiefly to agriculture.

An area of about 8,500,000 acres of agricultural land or 36 per cent of

the total agricultural area of the State lies in this basin. Wliile the

San Joaquin Valley in the early days of development was devoted

largely to the raising of grain and cattle, the introduction of irrigation

made possible the production of a great variety of crops. Irrigation

development began in the decade following 1850 when diversions were

made to lands lying adjacent to the streams, although areas of naturally

overflowed lands had been used for pasturage prior to that time. Con-

struction of the railroad through the valley during the period 1869

to 1875 resulted in an increase in population and a demand for suitable

land for more intensive cultivation. Up to tlie present time more than

two million acres have been placed under irrigation, more than one-

third of the total area of irrigated lands in the State. The chief crops

produced are deciduous and citrus fruits, olives, nuts, grapes, nearly

every variety of vegetable, grain, alfalfa and cotton. Dairying and the

raising of beef cattle, sheep, hogs and poultry also are important

(31)



32 nivisrox ok water resources

industries. It is estimated that in VXW tlie value of the land, buildings,

equipment and live stock utilized in the industry was about $912,917,000.

The retui-ns from crops and live stoek pi-oducts from the basin in 1929

amounted to $2:^'i220,0()() or about .'30 per cent of the total return from

these industries in the State.

Manufaqturing, in the San Joacpnn River Basin, is second only

to agriculture as a source of income. The most important manufac-
tured products are canned and preserved fruits and vegetables, dairy

products and canned milk, lumber, lime, cement and marble. The
income in the basin from the value added by manufacture, in 1929,

amounted to about $68,740,000 or 5.1 per cent of the total for tlie entire

State.

A large amount of both hydroelectric and steam-electric energy is

also produced in the San Joaquin River Basin. A considerable portion

of this energy is used within the basin and the remainder is trans-

mitted to the metropolitan areas of Los Angeles and other nearby

sections of southern California, and to those in the San Francisco Bay
region. The power ])lants of the basin have an installed capacity of

about 911,000 kilovolt amperes and in 1929 produced about .'3,240,-

000,000 kilowatt hours of electric energy or about 37 per cent of the

total production in the State.

Mineral production ranks third in source of income. The value

of all mineral products from the San Joaquin River Basin in 1929

amounted to $54,730,000 or 12.7 per cent of the total for the entire

State. This included $37,375,000 for petroleum, $3,015,000 for natural

gas, $2,340,000 for gold and $12,000,000 for miscellaneous minerals.

The latter item includes, silver, copper, lead, quicksilver, tungsten,

gems, platinum, barytes, coal, manganese, chromite, gypsum, marble,

magnesite, dolomite, silica, pumice, clay for pottery and bricks, slate,

limestone, granite, borates, assorted building stone, volcanic ash, salt,

diatomaceous earth, minerals for paint, lime and other materials for

the manufacture of cement, and mineral water.

The present population of the San Joaquin River Basin is about

575,000, more than one-tenth of that of the entire State. It can be

classed as about 40 per cent urban and 60 per cent rural. Over 95

per cent of the population resides iii the San Joaquin Valley. During
the last decade, the i)oinilation increased about 28 per cent while

during tlic previous decade it increased over 60 per cent. The largest

cities in the basin are Fresno and Stockton, the industrial and com-
mercial ccjiters of the San Joaquin Valley and its environs. The former
city has a population of 53,000 and the latter 48,000. The completion
of the Stockton Deep Water Channel to San Francisco Bay in the

near future will make this city a port of call for ocean-going vessels.

Bakersfield and IModesto are the next important cities. The former
has a ])oi)ulation of 26,000 and the latter 14,000. Other incorporated

cities and towns having a population of more than 2500 in order of

size are: Visalia, 7300; Merced, 7100; Hanford, 7000; Lodi, 6800;

Tulare, 6200; Poi-terville, 5300; Madera, 4700; Turlock, 4300; Lindsay,

3900; Tracv, 3800; Taft, 3400; Selma, 3000; Sanger, 3000; Dinuba,

3000; Coalinga, 2900; Exeter, 2700; Delano, 2600 and Reedley, 2600.

The basin, especially the San Joaquin Valley, is well served b.v

transportation facilities. It is traversed from north to south by the
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Soutliern Pacific Railroad, which has tAvo main lines Troni Frosno north

and one main line from Fresno south, and by the main line of the

Santa Fe Railroad. There are also numerous branches from the

main line railroads into the mountains and different parts of the

valley. Electric lines connect urban areas in certain sections of the

valley. A network of improved highways throughout practically the

entire basin also provides facilities for rapid motor truck transporta-

tion, either for short or long hauls, and such transportation is now
competitive with that by rail.

Water Problems in San Joaquin River Basin.

Irrigation development has been so rapid and extensive in the San
Joaquin Valley that local water supplies are now' insufficient to meet

the needs of present irrigated areas, particularly in the southern or

upper portion of the valley south of the Chowchilla River. On all of

the streams tributary to the upper San Joaquin Valley, there long

since has been effected a very high degree of utilization of run-ott'

without surface storage regulation. For many years, while the irri-

gated areas devoted to annuals have varied from season to season with

the available amount of surface water supplies, the expansion of irri-

gated areas devoted to permanent crops has occurred chiefly througli

the development of ground water supplies. With limited or no surface

supplies, the replenishment of ground water storage, commonly result-

ing from the use of ample surface irrigation applications, is lacking in

many of these areas. In some localities, expansion of irrigated areas

has continued to such an extent that the net draft on ground water
storage exceeds the average seasonal replenishment from whatever
local sources are available. The result has been a depletion in ground
water storage, which is indicated by a continuously receding water

table. Out of a total irrigated area in the upper San Joaquin Valley

of 1,200,000 acres drawing their supplies both from streams and wells,

some 400,000 acres are now overdrawing the water supplies naturally

available to them. Studies reveal that there is only about one- half the

amount of water for their full requirements. With the recession of

ground water levels, water supplies in some areas have become exhausted

while in others pumping lifts have become so excessive as to be eco-

nomically prohibitive. Farms and homes have already been abandoned
for the lack of an adequate and dependable water supply. It appears
probable that some 200,000 acres must go back to desert condition if

a supplemental water supply is not obtained in the near future. These

200,000 acres are valued at' more than $50,000,000 and yield annually

under normal economic conditions $20,000,000 worth of agricultural

products.

In the Sacramento-San Joaquin Delta, about two-thirds of which
lies in the San Joaquin River Basin, the available inflow from the

Sacramento and San Joaquin River systems during recent years of

generally subnormal run-off has been insufficient during certain months
of several years to meet the consumptive demands in the delta and
adjacent delta uplands drawing their supplies from the delta channels,

and to keep the water fresh against invasion of saline water from San
Francisco Bay. Saline invasion has rendered the water unfit for irri-

3—80997
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jjatioii and other uses, not onl}'^ in the delta and adjacent delta uplands
but also in the adjacent ujiper San Francisco Bay Basin in the area

adjoining Suisun Bay. The resulting curtailment of irrigation in

the delta has caused material losses in crop production which in 1931

is estimated to have been about $1,300,000. In addition, the salinitj'

menace with a possibility of more extensive and prolonged invasion in

future years than has occurred in the past has tended to depreciate land
values in this most fertile and productive region. Moreover, industries

and agricultural lands in the areas adjacent to Suisun Bay have been
curtailed in their use of fresh water from the lower river and upper
bay channels with losses resulting of substantial amount. Additional

water supplies are urgently needed to prevent saline invasion into the

delta channels and maintain continuous fresh water therein, and to

provide for the full consumptive needs of the delta and adjacent
upland areas and for the nearby industrial and agricultural areas
in the upper San Francisco Bay region.

In addition to the problems of water shortage in the San Joaquin
River Basin, there are problems of flood control and navigation which
should receive attention. Disastrous floods have occurred in past years
of large run-off and the possibility of their repetition is a menace
to some of the improved valley lands and populated areas. Although
works for flood protection have been provided for considerable portions
of the areas subject to flood menace, there is a need for additional
flood protection on many of the streams in the basin. The problem
of navigation involves chiefly the upper San Joaquin River above
Stockton. This waterway from Stockton to Mendota is potentially

navigable and in former years was actually navigated by commercial
craft operating as far upstream as Mendota and occasionally to

Herndon. Because of deficient stream flow during several months
of the year resulting in inadequate navigation depths, transportation
by water has never been dependable on this stream. This w^aterway
is worthy of improvement from Stockton to Mendota to provide cheap
water transportation for the large volume of tonnage moving to and
from the San Joaquin Valley.

Studies reveal that, even with a full practicable development of

the water resources of the San Joaquin River Basin, additional water
supplies will be needed to meet the full requirements in the basin.

On the other hand, the water supplies in the Sacramento River Basin
are in excess of its full requirements. The most logical and practical

source of supplemental water supply for the San Joaquin River
Basin is the surplus water which could be made available in the

Sacramento River Basin. The adequate solution of the water problems
of the San Joaquin River Basin, therefore, involves plans for develop-
ment of water supplies not only in its oAvn basin but also in the

Sacramento River Basin.

A proper and coordinate solution of the water problems of the
San Joaquin River Basin is highly desirable. The investigations

upon which this report is based have been directed to this purpose
together with the formulation of a general plan for the conservation,

regulation, distribution and utilization of the water resources to pro-

vide for the ultimate needs of the basin.
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Previous Investigations.

Investigations of the water resources of the Great Central Basin

with a view of utilizing the water for the greatest beneficial uses have

been made at various times over a long period of years. Some of the

more important of these are enumerated in the following paragraphs.

In 1873 an investigation was made by the United States War
Department and a plan was outlined for utilizing the water supply

to the greatest advantage for irrigation purposes.

The first effort of the State to make an investigation of its water

resources and offer a solution of the problem concerning water utiliza-

tion was made in 1878 and resulted in ''An act to provide a system of

irrigation, promote rapid drainage and improve navigation on the

Sacramento and San Joaquin rivers." Under this act, investiga-

tions were carried out by the State Engineer, William Ham. Hall. He,

like the Army Engineers in 1873, suggested that the water of the

Great Central Valley be developed in a systematic manner. Several

reports and maps were published by the State Engineer between

1880 and 1888.

In 1900, the United States Department of Agriculture, Office of

Experiment Stations, made an investigation of irrigation conditions

and recommended certain changes in the water laws of the State.

In 1906, a report on hydrographic investigations in the Sacramento
Basin, California, was prepared by S. G. Bennett, engineer for the

United States Reclamation Service. This report summarized data on

irrigation and reclamation from other reports and described a number
of reservoir sites and possible storage and irrigation projects in the

basin.

Another State investigation was made in 1911 through a special

board called the "Conservation Commission," which issued a report

on its fuidings.

In 1912, the United States Department of Agriculture made an
investigation and issued a bulletin dealing with the irrigation resources

and their development.
The State investigations known as ''The California Water

Resources Investigations" were initiated in 1921. These investigations

have been carried on under the direction of the State Engineer in

accord with successive authorizations of the Legislature in 1921, 1925,

1927 and 1929.

Scope of Present Investigation.

The present investigation has been directed to the formulation

of plans for the ultimate conservation, regulation, distribution and
utilization of the water resources of the San Joaquin River Basin for

all necessary and desirable purposes and, of more immediate impor-

tance, to the solution of the present water problems in the basin

involving the determination of a plan for initial development compris-

ing units of the ultimate plan required to meet the immediate needs.

Because of the dependence of the San Joaquin River Basin upon the

Sacramento River Basin for supplemental waters to meet its full

requirements, the plans for both initial and ultimate development in

the two basins are interrelated and interdependent and, therefore,

have been considered together as one unified project for the entire

Great Central Valley.
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In the formulation of the State Water Plan in tlie Great Central
Valley, studies in addition to those presented in this report on the
San Joacjuin River Basin have l)('en made coverin<r the Sacramento
River Basin, the Sacramento-San Joaquin Delta and upper San Fran-
cisco Bay l^asin, including- an investigation of the feasibility of con-
structing a barrier at some point belo^v tlie confluence of the Sacra-
mento and San Joaquin rivers to prevent invasion of saline water into
tlie delta. The results of these investififations are presented in other
reports.*

This bulletin presents the detailed data and studies of the Avater

resources investijjations for the State Water Plan in the San Joaquin
Rivei- Basin. It sets forth the available water supply, the area, loca-

tion and quality of agricultural lands, the history and present status
of irrigation, flood control, navigation and hydroelectric power develop-
ments, the utilization of surface and ground water supplies, an esti-

mate of the area of lands suitable for irrigation, the present and
ultimate water requirements for all purposes, the major units of an
engineering plan for the ultimate development, regulation and utiliza-

tion of the Avater resources of the basin, and a plan for initial develop-
ment comprising units of the ultimate plan immediately required to

meet the deficiencies in water supply for present developments and
needs in the San Joaquin Valley.

In the studies of water supply, estimates were made of the run-oil:

at various points for the 40-year period 1889-1929. These estimates
were based on records of precipitation in the basin for the entire

period and on stream flow measurements which were started as early
as 1893 and M'hich are available for about 20 years on streams con-
tributing approximately 90 per cent of the run-off from mountain
areas. Estimates of full natural run-off were made for all of the major
streams and groups of minor streams. Full natural run-offs and those
under present and ultimate conditions of development, at the dam
sites of the major reservoir units in the San Joaquin River Basin,
also were estimated. Studies also were made of the distribution of

the run-ott' and the occurrence and distribution of return waters and
ground water. The present and ultimate net run-offs, estimated for
the 40-year period 1889-1929,** were used in the reservoir studies to

determine the required storage capacities, and to estimate the amounts
of utilizable water supply obtainable through the operation of surface
storage reservoirs, underground storage and pumping and conveyance
units as proposed.

• Bulletin No. 26, "Sacramento River Basin," Division of Water Resources, 1931.
Bulletin No. 27, "Variation and Control of Salinity in Sacramento-San Joa-

quin Delta and Upper San Francisco J^ay," Division of Waaler Resources, 1931.
Bulletin No. 28, "Economic Aspects of a Salt Water Barrier Belovif Confluence

of Sacramento and San Joaquin Rivers," Division of Water Resources, 1931.
** Since tlic preparation of the water supply studies in this report based upon

the run-offs for the 40-year period lS89-192!t, on which the major units of the State
Water Plan for initial and ultimate developments were proportioned and on which
the utilizable water supply obtainable from each plan of development was detei'-
mined to test its adequacy in meeting- the requirements, two seasons of low run-off
have occurred, 1929-30 and 1930-31. Therefore, it was deemed desirable to test the
adequacy of the plans proposed for initial and ultimate development of the San Joaquin
River Basin by the inclusion of these seasons in the water supply analyses, and if
either plan were found inadequate, to point out wherein, if possible, a modification
of it cf)uld be made which would assure dependable supplies to all areas served by
the plan. The results of the supplemental analyses of water supply through the
season 1930-31, which, with minor changes in the plan of operation, show that the
proposed plans for both initial and ultimate developments would be adequate to
meet the requirements, are presented in Appendix D.
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A classification was made in the field of all agricultnral lands in

the San Joaquin Valley and adjacent foothills on the basis of their

adaptability for irrigation, ntilizing soil snrveys, where available, as a

guide. This classification covered an area of about nine million acres.

A survey also was made of the crops now grown on the lands of various

classes to obtain data on the areas and locations of the different kinds

of crops both irrigated and nonirrigated, and to determine the adapta-

bility of different localities and classes of land to the growing of

different types of crops. Data also were obtained on the net water
requirements for these irrigated lands and incidental information on

conveyance losses and gross requirements. Based upon these data,

the ultimate water requirements in the areas to be served w^ere estimated

for the mountain and foothill lands above the major reservoir units,

and for the valley floor lands, by divisions or zones of service as

related to source of supply including local streams and imported

water from outside the basin. Estimates were made of the gross

allowance or diversion, the net allowance or water delivered to the

land, and the net use of water or the amount from which no return

would be available.

An engineering plan for the ultimate development of all of the

lands considered feasible of development was evolved. The location

and extent of the developed lands now under irrigation and in need
of a supplemental water supply were determined and the amount of

the required supplemental supply- estimated. An initial plan of devel-

opment for furnishing a supplemental water supplj^ to the developed

lands in need of additional water was evolved, which would constitute

the first progressive step in the plan for ultimate development.

Analj'ses were made of all phases of the coordinated operation of

the major units of the State Water Plan in the Great Central Basin

in accord with the plans for both initial and ultimate development, in

order to test the adequacy of each plan in meeting the requirements

and effecting all objectives sought and desired.

In the formulation of plans for storage and conveyance of w^ater

supplies, mau}^ studies were made to determine the best location for,

and the most economic size of, each unit, and the most practicable plan

of coordinated operation to meet the requirements for irrigation,

salinity control, flood control, power development and navigation.

Analyses were made of reservoirs at various sites on each major stream

to determine the most feasible location and the economic capacity for

the purposes to be served. Topographic surveys were made of all

reservoirs and dam sites for which maps were not available. Field

examinations of reservoir sites were made to appraise the values of lands

and improvements which would be sn])nierged and these values were

checked by comparison with data from county assessors and other

sources. Some of tlie dam sites were exjilored by shafts, tunnels and
core drillings, and geologic studies by competent geologists were made
of all sites. From these geologic data, estimates were made of the

depths of excavation necessary to obtain satisfactory foundations for

the dams. The economic installations of power plants at the dams
of the major reservoirs also were carefull}' considered. Due to the

importance of tlie utilization of underground reservoirs in the San
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Joaquin Valley, a geologic study was made to locate underground
storage areas, to estimate their capacity and determine the practica-
bility of their utilization for the storage and extraction of water sup-
plies. Detailed studies were made of the operation of underground
reservoirs in combination with surface storage regulation. Many
alternate plans were investigated for the conveyance from the Sacra-
mento River of the water required to supplement the available local

supplies in the San Joaquin River Basin, and the distribution and
utilization of such imported supplies in coordination with local supplies

in the basin. These investigations necessitated the making of numerous
tojiographic and location surveys, explorations, and field examinations
for valuation of right of ways.

Data also Avere obtained on unit costs of materials and all parts

of the construction work and on the probable length of time required
for construction. With these data and the estimated quantities

involved in different parts of the construction, estimates were made
of the costs of the dams, reservoirs, power plants and conduits. Data
also were obtained on the costs of operation, maintenance and deprecia-

tion of the difit'erent features of the units and -with these data and
assumed interest and amortization charges, estimates were made of

annual costs.

In the following chapters of this report, there are presented in

detail the basic studies and investigations and the proposed plans of

development and operation for the State Water Plan in the San Joa-
quin River Basin. These are briefly summarized mth conclusions in

the remaining portion of this chapter.

Water Supply.

Precipitation—The precipitation in the San Joaquin River Basin
is extremely variable both geographically and seasonally. It ranges in

seasonal average from 50 iuches in the mountains to less than 10 inches

on the valley floor and varies in different seasons and localities from
a minimum of 25 to a maximum of 192 per cent of the mean. It

occurs in the form of snow in the high mountains, which melts in the

spring and early summer months to produce a large percentage of the

run-off. On the average, about 90 per cent of the precipitation falls

during the months of November to April inclusive, with little or no
rainfall in the valley during the growing season when the moisture

demands of crops are at their peak.

Run-off—The San Joaquin River Basin, while occupying 20.6 per

cent of the total area of California, yields from its mountainous por- ;

tion only 16.8 per cent of the total water supply from the entire I

mountainous area of the State. The basin is drained by the San Joa- T

(luin River and its numerous tributaries, comprising 13 major streams

and 22 minor streams or stream groups. The following tabulation

shows the areas of the drainage basins and the mean seasonal full

natural run-offs from the mountain and foothill areas for each stream

and stream gi'oup, with subtotals for the upper San Joaquin Basin,

the lower San Joaciuin Basin (south of the delta), and the tributaries

discharging dii-ectly into the delta. The streams of the upper San
Joaquin Basin include the Chowchilla River and all those to the south
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of that stream. The streams of the lower San Joaquin Basin include

all those south of the delta from the Chowchilla River north to and
including the Stanislaus River. The delta tributary streams include

those north of the Stanislaus River to and including the Cosumnes
River. The contributions to the surface run-off and possible ground
water replenishment, from rainfall on tlie valley floor, are not included

because of the lack of definite knowledge as to their amounts.

FULL NATURAL RUN-OFF OF SAN JOAQUIN RIVER BASIN STREAMS
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whii'li Avoulcl oec'ur Avith ultimate instead of present conditions of

development in the tributary drainajje basin. These present and
ultimate net rnn-offs were used in studies of water supply j'ield under
present and ultimate conditions respectively. The mean seasonal net
run-off from the San Joatiuin River Basin into San Joaquin Delta for
the 12-year ])eriod 1917-1929, under conditions of irrigation and
storage develo]iment as of 1929 and municipal diversions out of the
basin as of 1940. is set foi-tli in the first of the following tabulations.

The second tabulation sets forth the mean seasonal ultimate net run-off
of each of the major streams at the reservoir sites considered in the
ultimate State Water Plan, and the area of the drainage basin above
each reservoir.

PRESENT NET RUN-OFF INTO SAN JOAQUIN DELTA

Mean for 12-Year Period 1917-1929

Stream
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There are wide variations in seasonal, monthly and daily run-

off. The data on natural flow for the period 1889-1929 show that the

seasonal run-off varies on different streams from maximums of 225 to

357 per cent to minimums of 10 to 28 per cent of the 40-year mean;
and that, on most of the major streams, 75 to 80 per cent of the total

seasonal run-off occurs on the average during about five months of the

spring and early summer. Daily variations iu flow range from prac-

ticallv nothing to several thousand second-feet.*o

Return Water—In the San Joaquin River Basin a substantial

potential water supply is that from water which, once used for irriga-

tion, domestic or other purposes, would return to the streams or

accumulate in the various ground water basins. The return waters

from irrigation would have their sources in the losses from canals or

other conduits during conveyance of water from the points of diversion

on the streams to points of use and in irrigation applications in excess

of consumptive use. A large portion of the return waters from the

mountain and foothill region would be available for storage in the

major reservoir units of the State Water Plan in which they could

be regulated to a supply conforming to the irrigation demand on the

valley floor. In the upper San Joaquin Valley, which is that portion

southward from Mendota and the Chowchilla River, most of the waters

diverted to the valley floor in excess of consumptive use would be utilized

by pumping from underground reservoirs. The efficient utilization of

these ground water reservoirs would allow only a relatively small por-

tion of this Avater to reach the valley trough channels. In the lower

San Joaquin Valley, northward from I\[endota and the Chowchilla

River, the waters diverted to the valley floor in excess of con.sumptive

use would enter the streams or artificial drains and finally reach the

San Joaquin River or would replenish the underground basins. The
return waters reaching the San Joaquin River could be made available

for reuse on adjacent lands or exportation to other areas through the

major conveyance units of the State Water Plan.

Agricultural Lands.

The agricultural lands in the San Joacjuin River P>asin comprise
about 36.3 ]ier cent of those in the entire State. The classification

of agricultural lands on the basis of their adaptability for crop pro-

duction and irrigation, made during the present investigation, covered
all those lands lying in the San Joaquin Valley and adjacent foothills.

Tlip lands were divided into five classes, the first four of which are

considered as agricultural and the fifth as having no present or potential

agricultural value. The character of the soil and topographic and
surface features determined the class in which each parcel of land
was ])laced. A certain percentage of each class of agricultural land
Avas estimated to be capable of irrigation and these percentages applied
to the areas of the respective classes of land in any tract, gave the
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irrigable area of that tract. The gross agricultural and net irrigable

areas in the basin, estimated during this investigation, are shown in

the following tabulation:

AREAS OF AGRICULTURAL AND IRRIGABLE LANDS IN SAN JOAQUIN RIVER BASIN

Section

Gross agricultural area

In acres
In per cent

of total

Net irrigable area

In acres
In per cent

of total

Upper San Joaquin Valley floor

Lower San Joaquin Valley floor

Poothill areas -

San Joaquin Delta

Totals

4.881,800

2,360,600
977,000

279,000

57.4
27.8
11.5
3.3

3,648,000

1,676,000

380,000

257,000

8,498,400 100.0 5;961,000

61.2
28.1
6.4
4.3

100.0

Irrigation Development and Water Supply Utilization.

Favorable soil and climatic conditions, with the one exception of

adequacy of rainfall, have made the San Joaquin Valley a pioner sec-

tion in the irrigation development of California. Starting in the

decade following 1850, the early irrigation enterprises were largely

undertaken by individuals. Subsequently, larger enterprises were
undertaken under various forms of organization including first, private

and mutual water companies and later irrigation district and other

similar forms of organization.

There are now 36 active irrigation districts embracing a gross area

of 1,826,578 acres of which 1,143,840 acres were irrigated in 1929 ; 16

public utility water companies irrigating approximately 184,000 acres

in 1929 ; and 48 mutual water companies irrigating in 1929 approxi-

mately 336,000 acres. There are also several water storage, conserva-

tion, reclamation and other forms of public district organization under
which lands are irrigated in the San Joaquin Valley.

Irrigation development has been rapid and extensive, particularly

in the last three decades. The area irrigated has increa.sed from
about 800,000 acres in 1900 to about two and one-quarter million acres

in 1929, which comprises more than one-third of the irrigated land in

the State and about tw^o-fifths of the entire net acreage susceptible of

irrigation in the San Joaquin River Basin. The following tabulation

sets forth the areas of irrigated crops in the San Joaquin River Basin

in 1929.
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Irrifrated crops comprise 79 per cent of all crops produced in the

San Joacpiin River Basin in 1929. Of the nnirrigated crops, grain

constitutes 97 per cent of the total acreage.

Tile early enterprises made use of the natural stream flow only.

Due to the rapid reduction in stream flow following the melting of

snow on the higher drainage areas, usually in June or early July, the

lands wliich could be given full service without storage were limited.

Many areas received only a partial service and either adjusted the

crops to those of early maturity, or by excessive use of flood waters,

while available, raised the ground water to provide at least partial

subirrigation during the remainder of the season. "Waterlogging was
caused in many instances by such excessive applications, and continued
high ground water resulted in soil injury through alkali accumulations

in many areas.

In the southern or upper valley, the first irrigation developments
were made by direct surface diversion to the lands, principally on the

delta fans. For areas distant from streams, where surface supplies

were not obtainable, ground water was found to be available and pump-
ing began to be practiced in the early part of the present century. In

many localities, where artesian wells first were secured, increased draft

has resulted in a lowering of water levels and pumping is now required.

Pumping from wells has been developed to a very large extent in thi,s

section of the valley, where stream flow is small in relation to the

demand. On the Kings and Kaweah river deltas, pumping from wells,

within the irrigated areas, is extensively used to supplement direct

surface diversion. For areas further south, practice includes all varia-

tions from entire dependence on stream diversion to full pumping or

combinations of these two practices.

Due to the low run-off of the 1928-1929 season, the irrigated

areas for the upper San Joaquin Valley are somewhat below the

average. None of the streams, tributary to this portion of the basin,

are regulated by surface irrigation storage and the limit of utilization

of their surface run-off under existing diversion rights has long since

been reached. The cropped land, irrigated solely from surface diver-

sion, varies through wet and dry periods. This is particularly true
where lands are in large holdings. On the other hand, the extent of

irrigated areas, entirely de])endent upon a supply pumped from
ground water, has been increasing rapidly even though the water
levels underlying these areas have been receding steadily. It is esti-

m.ated that the acreage so served, in 1929, is the maximum of record.

As a result of the increase in use of ground water .supplies in the

upper San Joafpiin Valley during the ])eriod of generally subnormal
run-off extending over the past decade or more, ground water levels

have ])een depressed in the most of the irrigated areas of the upjier San
Joa(|uin A^alley. In some areas lacking adequate soui'ces of ground
wafer replenishment, underground supplies either have become
exhausted or ground water levels have dropped to such an extent that

pum])ing lifts are now excessive. During the period 1921-1929 the

lowei'ing in areas of heavy pumping draft has vai-ied generally fi'om

2") 1() .")() feet Aviiere no direct sources of suj)ply were available, with

maximum lowering in one area of 85 feet. In the major portions of

areas liaving direct sources of water suj^jjly such as the Kings and
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Kaweali river deltas, a lowering from 5 to 10 feet has oeenrred. Prom
the known extent of recession, it is estimated tliat the average seasonal

depletion of ground water, in an area of abont 400,000 acres in which

the available supply even over a long period is insufficient to support

present requirements, has amounted to 387,000 acre-feet over the

8-year period 1921-1929. Based upon records of ground water fluctu-

ation, irrigated areas, and estimates of net inflow to the under-

ground basins, the present net use requirements of the several absorp-

tive areas of the upper San Joaquin Valley were found to average

about 2 acre-feet per acre of area irrigated.

In the northern or lower valley, direct surface diversions were
used until the developments had become sufficiently extensive to

enable storage to be financed. These storage developments were made,

to a large extent, economically feasible by the development and sale

of hydroelectric energy in conjunction with the storage and release

of irrigation water. Such storage is now in use on the Merced,
Tuolumne and Stanislaus rivers. Pumping from wells is limited to

drainage. However, drainage water, in most instances, is reused for

irrigation. On the San Joaquin River, some storage for power is

now available as a partial aid to irrigation. Supplies from the low^er

portions of the San Joaquin River have been obtained by pumping
rather than by gravity diversion. A large area above the mouth of

Merced River, including about 309,000 acres of land devoted to crops,

is irrigated from the main San Joaquin River with diversion works at

or near Mendota. Lands irrigated by the Merced, Tuolumne and
Stanislaus rivers have a gross area of 621,275 acres of which 421,000

acres were irrigated in 1929. In the San Joaquin Delta, about 219,000

acres out of a total gross area of 279,000 acres were devoted to irri-

gated crops in 1929. The water supply for these delta lands, com-

ing partly from the San Joaquin River system and partly from the

Sacramento River, has been insufficient in certain months of several

recent years to meet the net water requirements and to keep the water

in the delta channels fresh as against invasion of saline water from the

bay. It is estimated in another report* that the deficiency in supply

for the entire delta for meeting the full consumptive demands and
preventing saline invasion ranged from about 150,000 to 1,128,000

acre-feet per season with an average seasonal defficiency of 451,000

acre-feet during the period 1920 to 1929.

Except for the San Joaquin Delta the water supplies in the lower

San Joaquin Valley under present conditions of development are

adequate to meet the present requirements of the irrigated lands. The
tendency is for a slight increase of irrigated cropped areas from year to

year. It is believed that the area irrigated in 1929 in the lower San
Joaquin Valley probably represents the maximum area irrigated at

any time up to that year.

With a limited use of ground water in the lower San Joaquin
Valley, there has been no general lowering of ground water levels due
to pumping in excess of replenishment as in the upper San Joaquin
Valley. The depth to ground water is from 5 to 10 feet over a large

part of the area irrigated east of the San Joaquin River. Such lower-

• Bulletin No. 27, "Variation and Control of Salinity in Sacramento-San Joa-
quin Delta and Upper San Francisco Bay," Division of Water Resources. 1931.
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ing as has occurred in recent years has been beneficial. North of the

Tuolumne River, the depth to ground water over a considerable por-

tion of the area is from 10 to 50 feet and from 50 to 100 feet near the

foothills.

Water Requirements.

The uses of water in the San Joaquin River Basin are many. They
include domestic, municipal, irrigation, salinity control, industrial,

navigation, power development and recreational uses. Of all these

uses, however, that for irrigation predominates at the present time

and probably will continue to do so. Recreational and navigation uses

result in no actual consumption of water and in most instances do not

alter the regimen of the stream. The u.se for development of hydro-

electric energy, M'hile altering in some instances the regimen of the

stream, does not consume any water. For domestic service alone,

the unit use within small cities is practically the same as for irriga-

tion. For industrial and commercial areas in or near municipalities,

the amount of water used may be somewhat larger than for the irriga-

tion requirements for an equivalent area. In this basin, the water

requirements for present and future ultimate developments have been

based on irrigation use. It is believed that on this basis ample water

Avould be provided for all uses except that for salinity control in the

Sacramento-San Joaquiu Delta. In the State Water Plan, provision

for that requirement is made primarily from the Sacramento River

Basin.

Water requirements, for anj- particular area, vary not only in

amount with the use to which the water is put, and in monthly demand,

but also with the point at which the water is measured. The geographic

position of the source of supply in relation to point of use, methods

of conveyance, the extent of the area and the opportunity afforded

for reuse of. water controlled l)y topographic, geographic and geologic

conditions, are factors that have an important bearing on water

requirements. For these reasons, variations in treatment of the prob-

lems for the different areas necessitated the employment of different

terms of use, as follows

:

"Irrigation requirement" is the amount of water in addition to

rainfall that is required to bring a crop to maturity. This amount

varies Avith the crop to be supplied and the point at which the water

is measured. As related to the point of measurement, it is the "gross

allowance," "net alloM-ance," or "net use." These terms together

with the term "consumptive use" are defined as follows:

"Gross allowance" designates the amount of water diverted

at source of supply.

"Net allowance" designates the amount of water actually

delivered to the area served.

"Consumptive use" designates the amount of water actually

consumed through evaporation and transpiration by plant growth.

"Net use" designates the sum of the consumptive use from
artificial supplies and irrecoverable losses.

In the upper San Joaquin Valley, full development will require

importation of water at relatively high costs. It is believed that
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service under such conditions Avonld be justified only for the better

lands. Therefore, in evolving a plan for furnishing a water supply
to that region, the area of service has been taken to include only

irrigable lands in classes 1 and 2 and a small irrigable area of Class 3

land suitable for citrus development which could be served by diversion

from Tule River. The remaining areas of classes 3 and 4 lands classed

as irrigable have not been included in the area for service under the

State Water Plan for the ultimate development of the upper San
Joaquin Valley. This reduces the net irrigable area to be served in the

upper San Joaquin Valley from 3,648,000 to 3,135,000 acres on the

valley floor and eliminates 41,000 acres of foothill land. In the

lower San Joaquin Valley, a region wherein water supplies are ade-

quate if conserved, all classes of irrigable land have been included

in estimating the required irrigation supply. This procedure was
followed also in estimating the irrigation requirements for lands in the

Sacramento River Basin. The net irrigable areas to be served and
the water requirements thereof under the ultimate State Water Plan
are set forth in the following tabulation. The unit water requirements
applied to the irrigable areas to obtain total requirements are based
upon data as to present use in the various sections of the basin under
the prevailing irrigation methods and conveyance losses. The water
requirements for the San Joaquin River Basin (excluding the delta)

which would amount to 13,326,000 acre-feet gross allowance if pro-

vision were made for the irrigable areas of classes 3 and 4 lands in

the upper valley floor and foothills, are reduced to 12,177,000 acre-

feet under the adopted plan of ser^nce. .

SEASONAL WATER REQUIREMENTS OF IRRIGABLE LANDS TO BE SERVED UNDER
ULTIMATE STATE WATER PLAN IN SAN JOAQUIN RIVER BASIN
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development, niiglit liave adequate water supplies for all purposes and
flood protection. A comparison of the available water supplies with
the ultimate water requirements of the irrio:able areas to be served in

the San Joaquin River Basin shows that there is insufficient water to

meet the ultimate needs. There would be a large deficiency particu-

larly in the upper San Joaquin Valley where the average seasonal

water supply for the 40-3a'ar period 1889-1929, exclusive of the San
Joatiuin River, is but 50 per cent of the ultimate seasonal water recjuire-

mciit. In the lower San Joaquin Valley, excluding the delta, the

water supply would be sufficient for ultimate needs. However, in the

Sacramento River Basin, studies reveal that there is a surplus of water

over its ultimate needs. The logical source of supplemental water
supply for the San Joaquin River Basin is the surplus water of the

Sacramento River Basin. Therefore, the plans for development in

the two basins are interdependent and interrelated and together con-

stitute a unified plan for the entire Great Central Valley. The plan

evolved is designed to make the greatest practicable use of the avail-

able water supplies in both basins to meet the full requirements for

ultimate development in the entire Great Central Valley.

The basic features included in the State Water Plan for the

Great Central Valley are storage reservoirs, both surface and under-

ground, and natural and artificial conveyance channels. Surface
reservoirs would be constructed on the major streams and oi)erated to

equate the erratic run-off in the interest of all uses. Hydroelectric

power plants would be installed at those dams where such develop-

ment would be justified in order to assist in defraying the cost of the

capital expenditures. Conveyance channels, both natural and artificial,

would transport water supplies from areas having a surplus to areas

of deficiency.

Because of the large expense involved in exporting water sujjplies

from the Sacramento River Basin to the San Joaquin Valley, the

plan for the San Joaquin River Basin is designed to provide for the

fullest practicable utlilization of all local water supplies. In addi-

tion to surface storage regulation, this necessitates the maximum
practicable utilization of underground reservoirs for the storage and
subsequent extraction of water supplies. Provision is made for the

conveyance and distribution of surplus Sacramento River Basin water,

made available by storage and regulation with the major units of the

State Water Plan in the Sacramento River Basin, to provide for that

portion of the water re(}uirements of the San Joaquin Valley which
can not be met by the fullest practicable utilization of local supplies.

Surface Siwage Beservoirs—The surface storage reservoir units

in the San Joaquin River Basin are thirteen in number, namely, Nash-
ville on Cosumnes River ; lone on Dry Creek, a tributary of Mokelumne
River; Pardee on ]\Iokelumne River; Valley Springs on Calaveras

Rivei-; INIelones on Stanislaus River; Don Pedro on Tuolumne River;

Exchequer on Merced River; Buchanan on Chowchilla River; Windy
Gap on Fresno River; Friant on San Joaquin River; Pine Flat on
Kings River ; Pleasant Valley on Tule River ; and Isabella on Kern
River. Power plants are proposed at Melones, Don Pedro, Friant

and Pine Flat reservoirs. The Exchequer and Pardee reservoirs with
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power plants are included in the plan as already constructed and are

assumed to be operated for the purposes for which they were designed.

The Valley Springs reservoir would be enlarged from 76,000 acre-

feet to 325,000 acre-feet capacity, reserving 165,000 acre-feet of space

in the reservoir for flood control pur]:)oses. At the Melones and Don
Pedro reservoirs it is proposed to construct new dams downstream
from existing ones, creating reservoirs of larger capacity, and to recon-

struct and enlarge the power plants. Flood control features are

included in the Nashville, lone, Valley Springs, Melones, Don Pedro,

Exchequer. Friant, Pine Flat and Isabella reservoirs. The aggregate

capacity of the surface storage reservoirs proposed for ultimate devel-

opment is 5,130,000 acre-feet.

Underground Reservoirs—An essential feature of the State Water
Plan in the San Joaquin River Basin is the utilization of underground
reservoirs for the storage and subsequent extraction of water supplies

by pumping. The underground capacity affords the only means
of providing the large amount of cyclic storage required to equate

the extremely variable run-off and bring the available supply in con-

sonance with the demand and make the fullest practicable utilization

of local supplies. Operated in conjunction with surface regulation

and distribution, the utilization of the underground reservoirs is

shown to result in the cheapest, most flexible and dependable plan of

any that has been suggested or investigated. Underground reservoir

utilization is particularly important in the upper San Joaquin Valley

where experience has already demonstrated its practicability and
value and where wells and pumping plants with an aggregate capacity

of over 20,000 second-feet already are in operation.

The usable underground capacity in the upper San Joaquin Valley

aggregates over 20,000,000 acre-feet and in the lower San Joaquin
Valley about 3,000,000 acre-feet. The plan proposes to make full

utilization of this underground capacity, particularly in the upper
San Joaquin Valley, with operation thereof coordinated with surface

storage regulation. The chief cost involved in the utilization of the

underground reservoirs would be for the pumping of water supplies.

Costs of two cents per foot acre-foot for fixed charges and three

cents per foot acre-foot for power charges or a total of five cents per

foot acre-foot are representative of the general average for pumping
in the San Joaquin Valley.

Conveyance Units—The proposed conveyance units of the ultimate

State Water Plan in the San Joaquin River Basin are designed

primarih^ to bring necessary water supplies from the Sacramento
River Basin to the San Joaquin Valley to supplement the available

local water supplies. The adopted plan of conveyance includes a

pumping system on the San Joacjuin River to transport water from
Sacramento-San Joaquin Delta to Mendota. It provides for the

exchange of a portion of the pumped w^ater for San Joaquin River
water which would be diverted at the Friant Reservoir, 61 miles

farther upstream and 308 feet higher in elevation than the point

of delivery of imported water at Mendota. It provides conduits

leading north and south from Friant Reservoir to convey San Joaquin

4—80997
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River water to the lands on the eastern slope of the upper San Joaquin
Valley. An extension of the pumping system southerly from Mendota
is provided to serve the lands on the western slope of the upper San
Joaquin Valley. The advantajies of the plan are many. Both capital

and annual costs would be much less than for conveyance by any other

method. By means of the proposed exchange at Mendota, a pumping
lift of about 300 feet would be saved over a direct pumping plan.

Diversion in the Sacramento-San Joaquin Delta would be effected

below all the riparian lands in the Sacramento River Basin. The
source of the water supply in the Sacramento-San Joaquin Delta is

the temporary catch-basin of the run-off and return water from 42,900

square miles of drainage area, which comprises 74 per cent of the

entire area of the Sacramento and San Joaquin River basins and
contributes 91 per cent of the run-off of the two basins. Water devel-

oped in any part of the two basins north of the upper San Joaquin
River would naturally find its way to this catch-basin. The flexibility

of the plan would be of great advantage. It would lend itself more
readily to progressive development with minimum expenditures and
it would interfere least with present rights and interests. By this

].)lan, full recharge of ground water storage would be made bj^ gravity

diversion from Friant, whereas any other plan not providing for

exchange of water at Mendota would require a greatly increased

pumping lift for such purpose. These great advantages would not

be attained by any scheme that does not utilize the delta as a source

of supply, and only in part, if not combined with exchange with San
Joaquin River water.

The conveyance channels, natural and constructed, which would be

required for the exportation and delivery of water from the Sacra-

mento River Basin to the lands of the San Joaquin River Basin, would
extend from the Sacramento River at the head of Snodgrass Slough
to the southern extremity of the San Joaquin Valley.

Beginning at the northerly end of the conveyance S3'stem a new
connecting channel, in conjunction with a suitable diversion struc-

ture in the Sacramento River, is proposed to carry from the Sacra-

mento River to the San Joaquin Delta the water required for

exportation to the San eToaquin Valley. It also would convey water
for use in the San Joaquin Delta and adjacent uplands and the upper
San Francisco Bay region. It would consist of an artificial channel
dredged from the Sacramento River at a point just below Hood to the

head of Snodgrass Slough, from which point this natural channel

would be utilized, with improvements, to Dead Horse Island. The
North and South forks of the Mokelumne River would be utilized from
there to the San Joaquin River at Central Landing. The length of

this cross connection, designated as the Sacramento-San Joaquin Delta

Cross Channel, by the shortest route would be 24 miles.

From Central Landing to the first unit of the pumping system

below Mossdale bridge, it is proposed to utilize three main channels,

each about 30 miles in length. The most easterly of these channels

would be the Stockton Deep Water Channel and the San Joaquin

River. The other two main channels would be Old River and Salmon
Slough, and Middle River with artificial connections already con-



SAN JOAQUIN RIVER BASIN 51

structed, such as tlie Victoria-North Canal and the Grant Line Canal.
"With some enlargement in portions of these channels, the conveyance
capacity would be adequate to meet the requirements of irrigation in

the delta and adjacent areas and tliat of exportation to the San Joaquin
River Basin.

The first unit of the San Joaquin River Pumping System would be
located just above the point of bifurcation of the San Joaquin River
and Old River. From this point to the mouth of the Merced River
the channel of the San Joaquin River would be utilized for a distance
of 72 miles. By means of a series of five successive dams and pumping
plants water would be conveyed from the delta and raised to an
elevation of 62 feet U. S. Geological Survey datum. The dams used
for this portion of the conveyance system would be of the collapsible

type so that the river channel could be opened to permit free discharge

in case of large flows. The maximum capacity of the pumping system
would be 8000 second-feet.

From the pond above Plant No. 5 it is proposed to depart from
the river with a constructed canal extending southerly along the most
favorable topography. By means of three pumping lifts in a distance

of seven miles the water would be raised to an elevation of 137 feet

at the discharge of Plant No. 8 and would continue a distance of sixteen

miles to Plants No. 9 and No. 10, about five miles west of Los Banos.
An exchange would be made with existing systems serving lands lying

below Plant No. 9. From the discharge of Plant No. 10, at an elevation

of 180 feet, the canal would extend southerly about 38 miles to the

Mendota weir, delivering water to an elevation of 159 feet. The total

distance from Pumping Plant No. 1 to Mendota weir would be 135
miles. The pond above the Mendota weir would be the source of

supply for lands now served by diversion at and near this point.

A small part of the Columbia area would be served by pumping.
The deliver}'- of imported waters to Mendota to meet the demand

of existing rights would make possible the diversion at the Friant
Reservoir of the flow of the San Joaquin River for use on the eastern

slope of the upper San Joaquin Valley. To effect such diversion it is

proposed to construct, in addition to the Friant Reservoir, two main
canals, one on each side of the San Joaquin River. The Madera Canal,

with a diversion capacity of 1500 second-feet, on the north side of

the river would extend for eighteen miles to the channel of the Fresno
River. The San Joaquin River-Kern County Canal on the south side

of the stream would extend southward along the eastern rim of the
valley a distance of 165 miles. With a diversion capacity of 3000
second-feet at the Friant Reservoir, it would cross in turn the channels
of the Kings, Kaweah, Tule and Kern rivers, terminating at the Kern
Island Canal, with a capacity of 500 second-feet.

In order to utilize Kern River waters released by the importation
of new supplies, it would be necessary to construct the Kern River
Canal with a diversion point near the month of the canyon on the
south side of the stream and extending under the Kern Mesa and
thence around the south end of the valley to Buena Vista Valley. The
maximum diversion capacity of this canal would be 1500 second-feet
and the total length 75 miles.
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To make wiitor rivailahlc lor tlic jjood land lyinp: oil the M^estern

slope of the upper 8aii fIoa(|uin Valley, the Meudota-West Side Pimi])-

iiifiT System is provided exteiidin^' from ^lendota Pool to Elk Hills.

Water for this area would be imported 1hrouy-h the San Joaquin
Kiver Pumping Sy.stem. An essential element of such a system would
be a conveyance channel which, for full development, would be 100
miles l()n<>' and have a capacity varyinji' from AM){) to 500 seeond-feet.

It would terminate at an elevation of 2.10 feet.

CdpifaJ (171(1 Annual Costs—Estimates of both the capital and
annual costs Avere made for each surface stora|?e and conveyance unit,

based on the costs of labor and materials as of 1929 and 1930 and on
the a.ssiimiition that each unit would be completely constructed in one
step. The followinof tabulation sets "forth the cajiital and net annual
costs of all ma.ior surface storage and conveyance units in the San
Joa((uin River Basin. Pour of the reservoirs include power plants.

The capital cost of each of these reservoirs includes power features.

The net annual cost consists of the annual cost of the reservoir and
the gross annual cost of the power plant less the estimated average

annual revenue from the sale of electric energy. Two of the con-

veyance units include pumping systems. The annual cost of each of

these units includes the estimated average annual cost of electric energy
required for pumping.

COSTS OF MAJOR UNITS OF ULTIMATE STATE WATER PLAN IN
SAN JOAQUIN RIVER BASIN

Unit
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Operation am] Accomplishments—Because of the dependence of

the San Joaquin River Basin npon the Sacramento River Basin for a

portion of the snpply required to meet its ultimate recjuirements, con-

sideration of the operation and accomplishments of the plan in the

San Joaquin River Basin must be combined Avith those in the Sacra-

mento River Basin. The proposed major units for ultimate develop-

ment in the two basins constitute a unified project for the entire Great

Central Valley, and these major units would be operated coordinately

to provide the ultimate water requirements and to accomplish the

objectives sought for the fullest practicable conservation, regulation,

distribution and utilization of the water resources. The proposed

major units in the Sacramento River Basin Avould be operated not

only to take care of the requirements for all purposes within that basin

itself but also to provide the supplemental supply required in the

San Joaquin River Basin, including- the San Joaquin Delta and the

adjacent delta uplands. Provision would also be made to supplj^ the

water requirements of the upper San Francisco Bay region with water
furnished chiefly from the Sacramento River Basin. Details as to the

operation of the major units in the Sacramento River Basin are set

forth in another report.*

In the lower San Joaquin Valley the proposed surface storage

reservoirs on the Cosumnes, Calaveras and IMokelumne rivers and Dry
Creek, a tributary of the Mokelumne River, w^ould be operated coordi-

nately with storage units on the American River in the Sacramento River

Basin so that the combined amount of water obtained from these local

sources and from the supplies imported from the American River would
meet the ultimate water requirements of the irrigable area to be served

by these streams. The surface reservoirs on the Stanislaus, Tuolumne
and Merced rivers would be operated to provide an adequate surface

irrigation supply for all irrigable lands to be served in their respective

service areas. IIoAvever, a portion of the service area under the Merced
River would be supplied in part through ground water storage and
pumping and in part from water conveyed through the San Joaquin
River Pumping System. For the bulk of the area on the east side

of the upper San Joaquin Valley from the Chowchilla River to the

southern end, the surface storage reservoirs would be operated in com-

bination with ground water storage and pumping to provide a full

supply in all years to the irrigable area to be served under ultimate

development. To accomplish the desired results would require the

operation of the underground reservoirs in a specific manner similar

to that of surface reservoirs. Water would be stored in the under-

ground reservoirs when the available supplies are in excess of the net

requirements. The supplies stored underground would be drawn upon
for the most part through the medium of privately owned pumping
plants. However, in order to maintain a balance in supply and draft

over long periods throughout the areas to be supplied in part by
ground water, works for the distribution of surplus waters, and pump-
ing equipment in strategic locations, necessarily would be controlled

and operated by recognized local public agencies. Friant Reservoir
would be operated as a key unit for the entire area on the east side

• Bulletin No. 26, "Sacramento River Ba.sin," Division of Water Resources, 1931.
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of the upper San Joaqnin Valley to provide the necessary supplies to

supplement the amounts made available from local sources tlirough
surface and underground storage regulation. The supplies from this

reservoir would be distributed through the Madera and San Joaquin
River-Kern County canals.

The areas to be served on the westerly slope of both the upper and
lower San Joaquin Valley would be supplied bj^ water conveyed through
the San Joaquin River and Mendota West-Side Pumping sj'^stems. The
source of water supply would be chiefly surplus Sacramento River
Basin water conveyed from the delta channels through these pumping
systems to the southerly terminus near Elk Hills. An additional

source of supply would be the return flows from irrigated lands in the

lower San Joaquin Valley and unregulated surplus water of the San
Joaquin River and its east side tributaries, which would be intercepted

in that portion of the San Joaquin River Pumping System utilizing

the river channel below the mouth of the Merced River. The -inter-

ception and utilization of these return and surplus waters would reduce
the capital and annual costs of the pumping system. However, the

amounts intercepted would necessarily be replaced in the delta by
Sacramento River Basin water in order to provide for delta require-

ments and hence the amount of supplemental water supply re(|uired

from the Sacramento River Basin for the San Joaquin Valley Avould

not be reduced by the interception and utilization of these return and
surplus waters.

Based upon a detailed monthly analysis of the proposed plan of

operation with the available M'ater supplies during the 40-year period

1889-1929, the water supplies which would be made available to meet
the water requirements under the ultimate State Water Plan in the

San Joaquin River Basin may be summarized as follows

:

1. A supply of 5,342,000 acre-feet per season, gross allowance,

with a maximum seasonal deficiency of 35 per cent in an excep-

tionally dry year, for the irrigation of a net area of ,1,810,000

acres of irrigable land in the lower San Joaquin Valley, includ-

ing 134,000 acres of foothills on the eastern side of the valley,

after deducting from the full natural run-off of the lower San
Joaquin River tributaries, 565,000 acre-feet per season for an
adequate and dependable irrigation supply for 205,000 acres of

land embracing all of the net irrigable mountain valley and
foothill lands situated in the lower San Joaquin Basin at eleva-

tions too high to be irrigated by gi-avity from the major reser-

voir units.

2. A supply of 4,700,000 acre-feet per season, without deficiency,

for the irrigation of a net area of 2,350,000 acres of classes 1

and 2 lands on the eastern and southern slopes of the upjier San
Joaquin Valley.

3. A supply of 1,570,000 acre-feet per season, with a maximum
seasonal deficiency of 35 per cent in an exceptionally dry year,
for llie irrigati(m of all of the net irrigable area of 772,000 acres
of classes 1 and 2 lands lying on the western slope of the upper
San Joaquin Valley and 13,000 acres of classes 1 and 2 lands
in the Columbia Canal area.
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In addition to the water supplies furnished from the local streams

in the San Joaquin Kiver Basin, there would have been required from the

Sacramento Kiver Basin an average seasonal supply of about 2,000,000

acre-feet, exclusive of about 1,000,000 acre-feet of return flow and

surplus water from the lower San Joaquin Valley intercepted and

utilized in the San Joaquin River Pumping System, which would be

replaced in the delta by Sacramento River Basin water. The required

supplemental supply for the San Joaquin Valley would have been pro-

vided by the proposed major units in the Sacramento River Basin,

including the Trinity River diversion, in addition to providing the

full ultimate requirements in the Sacramento River Basin itself, the

full requirements in the Sacramento-San Joaquin Delta including con-

trol of salinity and maintenance of fresh water in the delta channels,

and the provision of supplemental supplies for the upper San Francisco

Bay region.

In addition to the water supplies furnished, an average annual

energy output of 728,500,000 kilowatt hours would be generated at the

major reservoirs in the San Joaquin River Basin incidental to their

primar}^ operation for irrigation ; additional flood protection would be

effected on several of the major streams; and navigation would be

improved on the San Joaquin River above Stockton.

Initial Development of State Water Plan in San Joaquin River Basin.

The initial development of the State Water Plan in the San Joaquin

River Basin is proposed as the first progressive step in the consum-

mation of the plan for ultimate development. It is designed primarily

to meet the immediate pressing needs of existing developments. Certain

areas in the basin, particularly in the upper San Joaquin Valley and
in the San Joaquin Delta region, have serious problems of water short-

age as previously described in this chapter. The adequate solution of

these problems to maintain the productive resources and investments

of present developments would require the construction and operation

of initial units of the State Water Plan. In addition to providing

supplies to meet present deficiencies, additional flood protection and
improvement of navigation on the San Joaquin River above Stockton
are desirable.

In the developed areas on the east side of the upper San Joaquin
Valley, studies of water supply and water requirements during the

period 1921-1929 reveal that the average seasonal deficiency in water
supply during this period amounted to 387,000 acre-feet. The area
involved aggregates about 400,000 acres of fully developed and irrigated

lands. Water supplies are obtained largely by pumping from under-
ground and the depletion of the underground reservoirs has resulted
in a general lowering of ground water levels causing excessive pumping
lifts in some localities. Supplemental water supplies are required to

meet not only the deficiencies between supply and demand but also to
replenish the underground reservoirs and reduce pumping lifts. It is

estimated that an average seasonal importation of supplemental water
of from 500.000 to 600.000 acre-feet should be provided as a minimum
requirement.
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111 the San Joaquin Delta a developed irrij^ated area of 219,000

acres has experienced a deficiency in water supply to meet the net water

requirements for irrigation and to keep the water in the delta channels

fresh as against invasion of saline water from the bay. Supplemental
water supplies are required to meet the deficiency in this area and in

the Sacramento River j)ortioii of the delta as well, which is estimated

to have averaged 451,000 acre-feet annually during the period 1920-

1929. In addition there is an immediate need of supplemental water
supplies for present industrial and agricultural developments in the

upper San Francisco Bay region adjoining the delta.

The plan for initial development to provide supplemental sui)plies

to the upper San Joaquin Valley has been considered in two steps,

first, an immediate initial development to provide an average seasonal

sup])lemental sujiply of 500,000 to 600,000 acre-feet during a similar

])eriod of run-off such as 1921-1929, and, .second, a complete initial

development to furnish a larger supplemental water supply and provide

Avith greater certainty for the complete relief of present developed

areas, more substantial ground water replenishment, and for .some

expansion of irrigated areas on lands adjacent to present develo])ments.

The provision of supplemental supplies for the Sacramento-San Joaquin
Delta and adjacent areas also would be required under both the immedi-
ate and comiJete initial plans of development. The plan for initial

develoi)ment in the San Joaquin River Basin involves initial units in

the Sacramento River Basin which would be required to provide for

the immediate requirements of the delta and adjacent areas and for

supplemental water supiilies required in the upper San Joaquin Valley

for complete initial development. The units for initial develojunent

in the two basins constitute a unified project for the entire Great
Central Valley.

For the relief of the areas of deficient water supply in the upper
San Joaquin Valley, it is pro])osed in the plan for immediate initial

development to acquire, by purchase of existing rights, waters of the

San Joaquin River now devoted to inferior use on "gra.ss lands" for

pasture, served by diversions from this river above the mouth of the

Merced River. The water so acquired together with surplus water of

the San Joaquin River would be regulated in Friant Reservoir and
conveyed to the areas in the upper San Joaquin Valley through the

i\Iadera and San Joaquin River-Kern County canals. Based on the
period of run-off from .1921 to 1929, sufificient water to meet the present
deficiencies could be obtained from this .source for the upper San
Joaquin Valley at a cost less than that from any other source.

The lu-oi^osed physical Avorks in the San Joacpiin River Basin for
ininiediate initial development comprise the following:

1. Friant Reservoir with a gross capacity of 400,000 acre-feet and
a usable capacity of 270,000 acre-feet above elevation 467 feet,

diversion elevation of San Joaquin River-Kern County canal.
2. San Joa(|uin River-Kern County canal to Kern River with a

maximum diversion capacity of 8000 second-feet.
n. Madera canal Avitli a maximum capacity of 1500 second-feet.
4. Magunden-Edison i)um])ing .system with a capacity of 20 second-

feet.
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After providino- an adequate water supply from the San Joaquin

River to meet the demands of crop lands now served from this stream

above the mouth of the Merced River in accord with present rights,

the average seasonal amounts of water that could have been obtained

from regulation of surplus and "grass land" waters in Friant Reservoir

and delivered through the conduits diverting therefrom would have

been of the following amounts for different periods from 1889-1929.

Supply for
areas served

by San Joaquin Supply
River-Kern County for Madera

Canal, average area, average Total average
seasonal amount, seasonal amount, seasonal amount.

Period in acre-ftet in acre-feet in acre-feet

1889-1929 851,000 181,000 1,032,000
1909-1929 688,000 151,000 839,000
1917-1929 495,000 107,000 602,000
1919-1929 485,000 108,000 593,000
1921-1929 493,000 108,000 601,000
1924-1929 410,000 90,000 500,000

The allocation of the sup])lemental water supplies furnished from
Friant Reservoir to the areas requiring immediate relief on the east

side of the upper San Joaquin Valley would be based not only upon
the average deficiencies in supply but also upon the needs for ground
water replenishment in the absorptive areas where ground water
supi^lies are utilized.

If it should prove desirable and necessary to furnish a direct

surface supply from imported Avater from the San Joaquin River to

lands lying to the east of Tulare Lake in Kings County, now used

chiefl.y for the growing of annual crops and having a variable water
supply, water would be available for this purpose, however, with

a reduction of supply to the other counties. It is estimated that 90,000
acre-feet seasonally would be adequate for the irrigation of the lands
noAv cropped.

Studies of the operation of Friant Reservoir under the plan of

immediate initial development, with the water supplies obtained there-

from combined with local supplies in the upper San Joaquin Valley
and with regulation of local and imported supplies from the San
Joacpiin River effected by underground storage and pumping, show
that during the period 1921-1929 the present water requirements
would have been fully met and there would have been 1,361,000 acre-

feet more water available in the underground reservoirs at the end of

tlie period than at the beginning.

When water supplies in addition to the amounts made available

from the proposed plan of immediate initial development are required
in the upper San Joaquin Valley, either for the purpose of more
adequately meeting the needs of present developed areas for actual

water requirements and ground water replenishment or for expansion
of irrigated areas or for both purposes. im]iortation of Sacramento
River Basin water will be re(|uired. The additional units required
for tliis purpose Avould compi'ise the Sacramento-San Joa<|uin Delta
Cross Channel anfl the San Joa(|uin River Pumping System with an
initial maximum capacity of oOOO second-feet. It is considered that
this Avould be a second step in the initial development and it is believed
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that the construction of the conveyance units required for importa-

tion of Sacramento River Basin water to the San Joaquin Valley could

be deferred. However, in view of the possibility of the occurrence of

seasons or periods of run-off even more subnormal than during the

period 1921-1929 and the resulting possible need of supplemental

water supplies from the Sacramento River Basin to adequately meet

the present needs of developed areas, provision should be made in

the plan of financing for the initial development to meet the cost of

these additional units.

Under the plan of complete initial development water supplies

made available from the surplus in the Sacramento River Basin would
be conveyed from the delta to Mendota sufficient in amount to pro-

vide a full supply for the crop lands now served from the San Joaquin

River above the mouth of Merced River. Practically the entire flow

of the San Joaquin River at Friant would be regulated in Friant

Reservoir for utilization on the east side of the upper San Joaquin
Valley. Based on the run-off during the 12-year period 1917-1929,

the average seasonal supply from Friant Reservoir would have been

1,366,000 acre-feet. This supply combined with the utilizable supplies

from the unregulated local streams in the upper San Joaquin Valley,

would amount to 3,574,000 acre-feet average per season and w^ould

liave been sufficient to irrigate about one and one-half times the present

irrigated area now supplied from local streams on the east side of

the upper San Joaquin Valley.

Economic cmd Financial Aspects—Consideration of the economic

and financial aspects of the initial plan of development in the San
Joaquin River Basin must be combined with the initial plan in the

Sacramento River Basin because of the dependence of the San Joaquin

River Basin upon the Sacramento River Basin for a portion of the

water supply required. The units in the two basins comprise a unified

project for the entire Great Central Valley. Analyses of cost, antici-

jiated revenues and plans of financing have, therefore, been made for

the initial State Water Plan in the entire Great Central Valley. In

addition to the units in the San Joaquin River Basin, the initial plan

of development in the Great Central Valley would include Kennett
Reservoir (capacity 2,940,000 acre-feet) and power plants on the

Sacramento River and a conduit to convey water from the delta to the

upper San Francisco Bay area.

Tlie capital and gross annual costs of the proposed units of the

initial State Water Plan in the Great Central Valley are shown in the

following tabulation. Capital costs include interest at 4^ per cent

during construction, and annual costs include interest at 4i per cent,

amortization on 4 per cent sinking fund basis in 40 years, depreciation,

and operation and maintenance expense.
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CAPITAL AND ANNUAL COSTS OF INITIAL STATE WATER PLAN IN
GREAT CENTRAL VALLEY
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project could be financed at a lower average rate of interest and witli

re])ayinent extended over a longer period than that assumed in the esti-

mated gross annual costs as previously presented. Such modifications

might reduce the gross annual cost, including interest and amortization

on capital expenditures to be directly borne by the project, to such

an extent that the revenues would be sufficient to meet the annual
carrying charges. The anal.yses of several tentative plans of financing

based upon various assumed interest and sinking fund rates, amortiza-

tion periods and Federal and State contributions are summarized in

the following tabulation

:
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Flood Control.

Under natural conditions, al)Out one and three-quarters million

acres of land in the San Joaquin River Basin is subject to inundation

by floods. About half of this flooded area has been protected in vary-

ing degree by flood control works, chiefly comprising levees. These

works have been constructed almost entirely by local interests. No
general plan of flood control has been adopted in the San Joaquin
Valley such as that in the Sacramento Valley. More adequate flood

protection is needed in many of the areas now partially protected

from floods, and flood control works for lands now unprotected will

be necessary and desirable.

One of the important objectives of the State Water Plan in the

San Joaquin River Basin is tlie provision of additional flood protec-

tion to reduce flood hazards on the areas subject to flooding. It is

])roposed to reduce flows by surface reservoir regulation, thereby

increasing the degree of protection on lands now leveed and reducing

the cost of additional levee protection. The reservation of space and
its operation for flood control is provided for in most of the major
reservoirs. The following tabulation sets forth the streams on which

flood control by reservoirs is proposed, the maximum reservoir space

required to regulate floods to certain controlled flows, the amounts of

these controlled flows and the frequency with M^hich the controlled

flows would be exceeded. The operation of these reservoirs for flood

control would not materially impair their value for conservation pur-

poses, nor materially decrease the amount or value of electric energy
generated by water released from them.

RESERVOIR SPACE REQUIRED FOR CONTROLLING FLOODS TO
CERTAIN SPECIFIED FLOWS

Reservoir
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to form a channel of sufficient width to care for these flows and
reclaim the remaining land now sii]).iect to overflow. The flows with

reservoir control are those that would obtain with the same channel,

but with the flood flows from the larger streams controlled by means
of regulation to those shown in the foregoing tabulation. If reclama-

tion of the valley lands by means of levees were not effected until after

the reservoirs with flood control features were completed, a narrower

flood channel along the river could be constructed because of the

smaller regulated flows. Under this condition, however, the flows

might be slightly larger than those shown in the last column of the

following tabulation, since the reduction of quantities by storage in

the narrower channels might be less and the rate of concentration

somewhat greater.

FLOOD FLOWS IN SAN JOAQUIN VALLEY WITH AND WITHOUT RESERVOIR CONTROL

Point of concentration
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and successful internal waterways in the nation. About one million

tons of freight valued at nearlj^ 43 million dollars are moved annually

on tliis waterway-. A deep water channel to Stockton, which will

accommodate ocean goin<r vessels, is expected to be completed early in

1933, thus adding Stockton as a port in the San Francisco Bay Harbor.

On the section of the river above Stockton, commercial craft in former

years, starting as early as the fifties, navigated as far up stream as

Mendota and occasionally to llerndon. However, navigation has always

been seasonal in character because of the greatly reduced stream flow

(luring several months of the year when navigation is not practicable.

The lack of dependable navigation depths has discouraged water trans-

l)ortation and there has been no commercial navigation of importance

for many years on the San Joaquin River above Stockton.

The plan recommended by the Division Engineer, Pacific Division,

United States War Department for the improvement of navigation on
the San Joaquin River from Stockton to Mendota provides for the

canalization of the waterway by the construction of movable dams
equipped with locks to maintain a minimum navigable depth of six feet.

The Division p]ngineer estimates the capital cost at $12,000,000 of

which $6,000,000 is for the estimated cost of the locks alone; and the

annual cost of maintenance and operation at $110,000. The economic

value of improvement, based upon estimates of probable savings in

transportation costs which would be effected by the proposed improve-

ment, LS estimated by the Division Engineer at nearly $6,000,000 or an
amount sufficient to justify about half of the capital expenditure

required. It is believed, however, that a more comprehensive analysis

of potential savings in transportation cost than that made by the Divi-

sion Engineer might show an economic value sufficient in amount to

justify the entire capital expenditure required for the plan of canaliza-

tion from Stockton to ]\Iendota.

The plan for conveyance of water from the delta to IMendota pro-

vided under the State Water Plan could be effectively coordinated with

the plan for navigation improvement of the upper San Joaquin River.

The plan as proposed for the San Joaquin River Pumping S^vstem would
canalize the river from the delta to Salt Slough and would provide

slack Avater navigation if the dams were equipped with locks. Above
Salt Slough, this conveyance unit would depart from the river in accord

with the most economical location and plan determined from detailed

studies of alternate plans and routes. However, if sufficient funds were
made available in the interest of navigation to i^ay for the cost of locks

and a ])ortion of the dams for a combined canalization and conveyance
project on the San Joaquin River from Stockton to Mendota, it would
be desirable and advantageous to adopt an all-river channel route for

the San Joaquin River Pumping System and thus combine conveyance
of water and navigation improvements in one system of works with
resulting economy for both purposes.

Conclusions.

1. The water supply originating in the San Joaquin River Basin,

which could be made available and utilized under the fullest practicable

development, is insufficient in amount to meet the ultimate Avater

requirements for all uses in the basin.
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2. The greatest practicable utilization of the available capacity of

underground reservoirs particularly in the upper San Joaquin Valley

for storage and subserpient extraction of water is essential for effecting

the required maximum conservation and utilization of the available

local water supplies and reducing the amount of water required to be

imported from outside the basin. The use of underground storage in

conjunction with surface storage reservoirs offers the cheapest and most
feasible method of water conservation and utilization.

3. The logical source of supplemental water supply for the San
Joaquin River Basin is in the Sacramento River Basin, where surplus

water in excess of the amount required for all uses in the complete

ultimate development of that basin could be provided by a full prac-

ticable development of the available water supplies therein with the

addition of regulated supplies diverted from the Trinity River.

4. The most feasible and least expensive plan for importing
water from the Sacramento River Basin to the upper San Joaquin
Vallej^ and the one involving the least interference with existing rights

and minimum legal difficulties, is one which would provide for pumping
from the Sacramento-San Joaquin Delta channels up the San Joaquin
River.

5. The plans for water supply development in the Sacramento and
San Joaquin River basins must be combined under a unified project
for the entire Great Central Valley, with all units of the project oper-

ated coordinately to effect the greatest conservation, regulation and
utilization of the available water supplies to meet the needs for all

purposes in both basins.

6. The proposed major units of the ultimate State Water Plan in

the Great Central Valley combined with underground storage in the
San Joaquin Valley, operated coordinately under conditions of stream
flow equivalent in amount and distribution to that during the dry
period 1917-1929 reduced by ultimate net use requirements in the
mountain and foothill areas above the major reservoir units, would
furnish adequate and dependable irrigation supplies for all irrigable
lands in the Great Central Valley, would reduce flood floAvs in the
major streams, would improve navigation on the Sacramento and San
Joaquin rivers, would maintain a flow past Antioch into Suisun Bay
sufficient to prevent invasion of saline water in harmful degree into
the Sacramento-San Joaquin Delta channels, and would furnish a
supply of water to the San Francisco Bay Basin to supplement water
supplies in that basin for irrigation and industrial uses.

7. Tender present conditions of water supply development and
utilization, the available water supply in the San Joaquin River Basin
is inadeciuate to meet the Avater requirements of fully developed and
producing irrigated lands, particularly in the southern San Joaquin
Valley Avhere the supply for 400,000 acres of irrigated crops is only
half that required, and in the San Joaquin Delta and adjacent uplands
where the supply is insufficient to meet the requirements for about
300,000 acres of irrigated crops together with other consumptive
demands and to prevent invasion of saline water from the bay into

the delta channels.

5—80997
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8. A minimum supplemental water supply of about one-half mil-

lion aere-feet averatro i)er season -would be required to meet the defi-

ciencies in supply in the present developed area of 400.000 acres in the

upper San Joa(|uin Valley and to replenish the diminishing ground
water supplies, based upon the water supply available during the

period 1921-1929.

9. Based upon the stream flow into the Sacramento-San Joaquin
Delta during the period 3920-1929, a supplemental supply averaging

451,000 acre-feet and ranging from a minimum of 150,000 acre-feet to

a maximum of 1,128,000 acre-feet per season during that period would
be required to meet the present consumptive use requirements in the

delta and prevent saline invasion. About tAvo-thirds of this supply
would be required ih the San Joaquin Delta.

10. The utilization by storage and regulation at Friant Reservoir

of the surplus waters in the upper San Joaquin River and waters

to be made available through purchase of Avater rights attached to

so-called "grass lands" on the San Joaquin River would furnish an

adequate and also the least expensive supply to be secured by an
initial step for the relief of the present developed areas of permanent
deficiency in water supply in the upper San Joaquin Valley, based

upon the stream flow during the period 1921-1929 ; but the feasibil-

ity of this plan would be contingent upon the effective control of

salinity and the meeting of consumptive use requirements in the

Sacramento-San Joaquin Delta by the development of storage in the

Sacramento River Basin to furnish regulated supplemental supplies for

this purpose.

11. The units proposed for immediate development of the initial

State Water Plan in the Great Central Valley (Kennett and Friant

reservoirs, the San Joaquin River-Kern County Canal, the Madera
Canal, Magunden-Edison Pumping Sj^stem and the Contra Costa

County Conduit) would furnish adequate water supplies for present

needs in the Sacramento Valley, Sacramento-San Joaquin Delta and
upper San Francisco Bay region, and upper San Joaquin Valley,

would increase the degree of flood protection and improve navigation

on the Sacramento River, and incidentally would generate an annual
average of 1,696,800,000 kilowatt hours of hydroelectric energy.

12. When water supplies in addition to the amounts made available

by regulation in Friant Reservoir of surplus and ''grass land" waters

of the San Joaquin River are required in the San Joaquin Valley,

either for more adequately meeting the requirements of present devel-

oped areas and providing more substantial ground water replenish-

ment, or providing for expansion of irrigation areas, or for both,

importation of water from the Sacramento River Basin Avould be

required. Such additional su]ii)lies could be made available in the

Sacramento-San Joaquin Delta channels through the operation of the

initial stoi-age unit (Kennett Reservoir on the Sacramento River) of

the State Water Plan in the Sacramento River Basin, from surplus

water in excess of the present needs of the Sacramento Valley, Sacra-

mento-San Joaquin Delta and adjacent upper San Francisco Bay
Basin.

13. The second step in the initial State Water Plan in the Great

Central Valley, designated the "complete initial" development, would
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require the Sacramento-San Joaquin Delta Cross Channel and the San
Joaquin River Pumping Sj'stem to convey Sacramento River water to

the upper San Joaquin Valley. It is believed these units would not be

required immediately but provision should be made in any plan of

financing for initial development for funds to defray the cost of these

units.

14. Improvement of navigation on the San Joaquin River above
Stockton could be effected by the incorporation of locks in the dams
of that portion of the San Joaquin River Pumping System utilizing

the river channel. If sufficient funds were made available in the

interest of navigation, it would be desirable and advantageous to com-
bine improvement of navigation and conveyance of water in one sj'^stem

of works extending from the delta to Mendota.
15. The initial State Water Plan in the Great Central Valley

could not be financed from direct revenues which could be anticipated

from the sale of water and electric energy on a basis of financing at

an interest rate of 4^ per cent per annum and amortization of the
capital investment in 40 years.

16. Many interests, not only local but also State and National,

would be benefited substantially through the consummation of the

initial State Water Plan in the Great Central Valley. The furnishing
of adequate water supplies for the maintenance of production on the
present developed lands in the upper San Joaquin Valley, Sacramento
Valley and Sacramento-San Joaquin Delta would prevent a loss of

taxable wealth, help to restore agricultural credit, maintain and
increase business in communities of the affected areas and between those

areas and the large metropolitan centers, and assist in the protection
of public utility and banking investments in these areas. Similar
benefits would accrue from furnishing of adequate water supplies
to the industrial areas in the upper San Francisco Bay region.
Industrial and commercial business would be benefited not only within
the State but in interstate trade as well. Reduction of floods on the
Sacramento and San Joaquin rivers would provide an additional
degree of flood protection and decrease potential flood damages.
Improvement of navigation on the Sacramento and San Joaquin rivers
would effect material savings in transportation costs on commodities
moving to and from the Sacramento and San Joaquin valleys. The
value of the foregoing benefits would more than offset the portion of
the cost not capable of being met by anticipated direct revenues from
sale of water and electric energy.

17. With the financial assistance of the Federal Government which
would be justified and might be reasonably anticipated, in the form of
direct contributions and loans at a low interest rate or without interest,
in conformity with established policies and precedents for financial
participation in such projects for improvement of navigation, flood
control, irrigation and hydroelectric power development, and with
contributions from the State Government in accord with its interest
therein, the direct revenues anticipated from the sale of water and
electric energy under the operation of the initial State Water Plan
for the Great Central Valley would be sufficient in amount to meet all

annual carrying charges comprising interest, amortization, deprecia-
tion, operation and maintenance, and the initial project would be self-
supporting and self-liquidating.
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CHAPTER II

WATER SUPPLY

The water ,supi)ly of the San Joaquin River Basin, as set forth

in this report and considered available for use, is the run-off from the

mountain and foothill areas only. Contributions to surface run-off

and ground Avater from precipitation on the valley floor, although of

considerable importance in some localities in the basin, have not been
included in the available water suppl}^ because of the lack of definite

knowledge as to the amounts.

Description of Basin.

The San Joaquin River Basin occupies that portion of the State

lying between the Sierra Nevada on the east, the Coast Range on the

west, the San Emigdio and Tehachapi mountains on the south and the

San Joaquin, IMokelumne and Cosumnes rivers on the north. The basin

is approximately 290 miles long and 130 miles wide and embraces an
area of 32,000 square miles, 20.6 per cent of the total area of the State.

It contains within its exterior boundaries 36.3 per cent of the agri-

cultural land of the State, the largest percentage of the .seven basins

into which the State has been divided. The water supply, on the other

hand, is only 16.8 per cent of the State's total, exceeded in amount by
each of the supplies of the North Pacific and Sacramento River basins.

The relations of the San Joaquin River Basin to the remainder of the

State in area, in extent of agricultural land and in water production
are shown on the frontispiece, "Geogra])hical Distribution of Water
Resources and Agricultural Lands in California."

The San Joaquin River Basin is drained by the San Joaquin River
and its many tributaries. This stream .system, for the purpose of this

investigation, has been grouped into 35 divisions, of which there are
13 major streams and 22 minor streams and stream groups. The major
streams, all of which head in the Sierra Nevada on the east side of the

basin, are from north to south^—the Cosumnes, Mokelumne, Calaveras,
Stanislaus, Tuolumne, jMerced, Chowchilla. Fresno, San Joaquin. Kings,
Kaweah, Tule and Kern rivers. The minor streams and stream groups
named in geographical order from the most northerly on the west
side of the valley to the most soutlierly and thence northerly on the
east .side of the valley are Orestimba Creek, Panoche Creek, Cantua
Creek, Los Gatos Creek, Tejon Creek, Caliente Creek, Peso Creek, Deer
Creek, Yokohl Creek, Limekiln Creek, Dry Creek, Cottonwood Creek,
Daulton Creek, Dutchman Creek, Mariposa Creek, Owens Creek, Bear
Creek, Burns Creek, Wildcat Creek, Littlejohns Creek, IMartells Creek
and Sutter Creek.

Mo.st of the major streams of the San Joaquin River Basin drain
a rugged mountainous area ranging in elevation from a few hundred
feet above sea level, in the foothills, to from 10,000 to nearly 15,000
feet above sea level at the crest of the Sierra Nevada. Some of the
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CHAPTER II

WATER SUPPLY

The water supply of the San Joaquin River Basin, as set forth

in this report and considered available for use, is the run-off from the

mountain and foothill areas only. Contributions to surface run-off

and wround water from precipitation on the valley floor, although of

considerable importance in some localities in the basin, have not been

included in the available water supply because of the lack of definite

knowledge as to the amounts.

Description of Basin.

The !San Joaquin River Basin occupies that portion of the State

lying between the Sierra Nevada on the east, the Coast Range on the

west, the San Emigdio and Tehachapi mountains on the south and the

San Joaquin, I\lokelumne and Cosumnes rivers on the north. The basin

is approximately 290 miles long and 130 miles wide and embraces an
area of 32,000 square miles, 20.6 per cent of the total area of the State.

It contains within its exterior boundaries 36.3 per cent of the agri-

cultural land of the State, the largest percentage of the seven basins

into which the State has been divided. The water supply, on the other

liand, is only 16.8 per cent of the State's total, exceeded in amount by
each of the supplies of the North Pacific and Sacramento River basins.

The relations of the San Joaquin River Basin to the remainder of the

State in area, in extent of agricultural land and in water production

are shown on the frontispiece, "Geographical Distribution of Water
Resources and Agricultural Lands in California."

The San Joaquin River Basin is drained by the San Joaquin River
and its many tributaries. This stream system, for the purpose of this

investigation, has been grouped into 35 divisions, of which there are

13 major streams and 22 minor streams and stream groups. The major
streams, all of which head in the Sierra Nevada on the east side of the

basin, are from north to south—the Cosumnes, ]\Iokelumne, Calaveras,

Stanislaus, Tuolumne, ^Merced, Chowchilla, Fresno, San Joaquin. Kings,

Kaweah, Tule and Kern rivers. The minor streams and stream groups
named in geographical order from the most northerly on the west
side of the valley to the most southerly and thence northerly on the

east side of the valley are Orestimba Creek, Panoche Creek, Cantua
Creek, Los Gatos Creek, Tejon Creek. Caliente Creek, Peso Creek, Deer
Creek, Yokohl Creek, Limekiln Creek, Dry Creek, Cottonwood Creek,
Daulton Creek, Dutchman Creek, ]\Iariposa Creek, Owens Creek, Bear
Creek, Burns Creek, Wildcat Creek, Littlejohns Creek, INIartells Creek
and Sutter Creek.

Most of the major streams of the San Joaquin River Basin drain
a rugged mountainous area ranging in elevation from a few hundred
feet above sea level, in the foothills, to from 10,000 to nearly 15,000
feet above sea level at the crest of the Sierra Nevada. Some of the
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major streams, however, have drainage areas which do not reach to

the crest of the Sierra Nevada. These streams are the Cosumnes,

Calaveras, Chowehilla and Fresno rivers.

The drainage areas of the 22 minor streams and stream groups are

situated in general at lower elevations than those of the major streams.

Although the drainage basins of Tejon, Caliente, Poso and Deer creeks

reach comparatively high elevations, the greater part of each area is

located in the foothills adjacent to the valley floor. The minor streams

in the lower San Joaquin Valley,* with the exception of Dry Creek

in the Sutter Creek group, are not considered as contributing waters

utilizable under the general plan of conservation, as their run-off is

comi^aratively small and subject to wide seasonal variations. The esti-

mated run-offs from some of the minor streams on the east side of the

upper San Joaquin Valley were considered in computing the inflow

to ground water units.

The mountain and foothill areas of the basin total 19,000 square

miles. Large portions of these areas are covered with a timber growth.

These timbered areas are shown on Plate I, "Forested Areas and

Stream Gaging Stations in California."

The main San Joaquin River rises on the western slope of the

Sierra Nevada at elevations in excess of 10,000 feet, flows southwesterly

until it debouches from the foothills onto the valley floor, thence

westerly to a point midway on the valley floor, where it turns north-

westerly and traverses the main valley to its confluence with Sacra-

mento River at the head of Suisun Bay. The watershed, above the

valley floor, which drains a large area on the western slope of the

Sierra Nevada in Fresno and ]\Iadera counties, is bounded on the north

by that of the Merced and Fresno rivers and on the south by that of

the Kings River. It extends eastward to the crest of the Sierra at

elevations greater than 13,000 feet at Mt. Lyell and ]\It. Goddard
and reaches the valley floor about fifteen miles northerly from Fresno
at an elevation of 300 feet. The watershed is extremely rugged in

character and the formation of the higher portion is largely granitic.

The upper reaches of the river have several large branches, the two
principal ones being the Middle and South forks, each of which has
its source in the glacial lakes near the summit of the range. Below their

confluence they form the main channel of the San Joaquin, a narrow
and deep canyon with steep sides until it begins to emerge from the

foothills. The North Fork rises on the southern slope of Iron Mountain
and flows in a nearly due south direction to its junction with the main
stream. Several smaller tributaries join the main river between the

South and North forks, Stevenson, Big Rock, Chiquito and Kaiser
creeks being the more important. Much of the basin below the timber
line is forest covered. As the elevation of the head waters of the river

is over 10,000 feet, it is snow-fed throughout a large part of the

summer.
The Cosumnes River, the most northerly of the San Joaquin Ri\'er

tributaries, drains a secondary watershed on the western slope of the
Sierra Nevada just south of the American River. The headwaters

* In this report, the terms "upper" and "lower" San Joaquin Valley are used to
designate southerly and northerly divisions of the valley lying respectively south and
north of the Chowehilla River on the east side and a line extending from Mendota to
Oro Loma on the west side.
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originate at an altitude of 7700 feet near Alder Hill, a minor peak
about fifteen miles west of the main divide, and the stream follows a

southwesterly course to its junction with the Mokelumne River in the

San Joaquin River delta region about six miles west of Gait. The
total length of the watershed is about 70 miles, the lower half of

which stretches across the valley plain and contributes very little to

the run-oflF of the stream. The length of the basin within the main
mountain drainage area is about 35 miles with an extreme width
of about eighteen miles.

The Mokelumne River drains an area on the western slope of the

Sierra Nevada in Amador, Alpine and Calaveras counties. The head-
Avaters rise in the numerous glacial lakes near the crest of the main
divide at an elevation of about 10,000 feet. Round Top, the highest

peak on the eastern boundary, reaches an elevation of 10,430 feet. The
drainage basin is long and narrow extending from the crest of the

Sierra in a southwesterly direction for a distance of 140 miles to its

junction with the San Joaquin River about twenty miles northwest
of Stockton. The mountain area is well forested except in the east

end of the basin, which is above the timber line and characterized by
bare granite peaks. Over much of the basin the precipitation in

winter is entirely in the form of snow, but elevations even in the

highest part of the catchment area are not .sufficient to support per-

petual snow fields. The stream flow is well maintained in the early

summer, but rapidly falls off during July and August after the snow
has gone. The main stream is formed by the junction of its three

principal branches—North, Middle and South forks—which unite some
five miles above Electra at an elevation of about 1500 feet. The North
Fork is the principal tributary. Below this point, the drainage
basin is only four or five miles wide and the main stream follows

its canyon for about 35 miles until it emerges from the foothills to

the valley floor near the town of Clements at an elevation of 100 feet.

It then runs westerly across the valley for 30 miles, passing the towns
of Lockeford, Lodi and Woodbridge and joining the San Joaquin
River near Central Landing. The Cosumnes River and Dry Creek
join the Mokelumne River in the San Joaquin delta region before it

discharges into the San Joaquin River.

The Calaveras River drains a secondary watershed on the lower

western slope of the Sierra Nevada situated between the basin of the

Mokelumne River on the north and tliat of the Stanislaus River on the

south. It rises at an elevation of 5100 feet at the extreme eastern

boundary of the watershed about 35 miles west of the main divide

of the Sierra Nevada. The two main forks. North and South, join

about two miles west of the town of San Andreas to form the main
river which flows in a southwesterly direction and joins the San
Joaquin River a few miles w^est of Stockton. The original channel

])asses to the north of Bellota, 15 miles nortlieast of Stockton, and

extends northwesterly for about nine miles, then turns and runs in a

southwesterly direction passing to the north of Stockton before entering

the San Joaquin River.

Mormon Slough, which l)ranches from the Calaveras River just

cast of Bellota, is now considered the main channel of the river.

The slough stream bed at this point is several feet lower than the old
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river and only flood waters now enter the original channel. Mormon
Slough flows in a southwesterly directionpassing through Stockton and
joins the San Joaquin River about one and one-half miles south of the

mouth of the original channel. In 1908-10, the Stockton diverting

canal was constructed by the United States Government, connecting

Mormon Slough with the original channel. This canal, four and one-

half miles long, was built for the purpose of diverting a portion of the

flood waters of Mormon Slough to the east of Stockton back into the

Calaveras River.

The extreme length of the Calaveras watershed from the mouth of

the river to its eastern boundary is 67 miles, while the greatest width is

20 miles. The lower foothills are covered with a rather sparse growth

of oak and brush. At the higher altitudes there is a heavy growth of

timber. Most of the precipitation on the watershed occurs in the form
of rainfall. The snowfall is generally light and lies on the ground only

for short periods. The watershed above Jenny Lind is favorable for

high concentration of discharge as demonstrated by the flood of January
31, 1911, which yielded an average run-off for that day of 177 second-

feet per square mile. The flow of the Calaveras River is extremely

flashy in nature, with floods of short duration, immediately following

heaw rainstorms and lasting from one to three days only.

The Stanislaus River drains a narrow basin on the western slope

of the Sierra Nevada between the watersheds of the Calaveras and
Mokelumne rivers on the north and that of the Tuolumne River on the

south. The watershed area has a length of approximately 100 miles

and an average width of ten miles in the lower half. It spreads out

above the junction of its forks to a width of 24 miles at its eastern

border along the Sierra crest. The main stream is formed by the junc-

tion of North, Middle and South forks at an elevation of about 950 feet,

seven miles north of Sonera, from which point it meanders in a south-

westerly direction a distance of 35 miles through the foothills and thence

25 miles across the valley floor to its junction with the San Joaquin River

about three miles northeast of Vernalis. The watershed slopes from an

elevation of over 10,000 feet at the crest of the Sierra Nevada to an ele-

vation of about 20 feet at the San Joaquin River. The upper reaches

of the basin are characterized by bare granite peaks and precipitous

canyons. At lower elevations the ridges and valleys are well covered

with timber which gradually gives way to scattering oak and brush as

the foothill region is reached.

The watershed of the Tuolumne River drains an area on the

western slope of the Sierra Nevada lying between the basin of the

Stanislaus River on the north and that of the Merced River on the

south. The stream has its source in the glacial lakes on the northern

slope of Mount Lyell and flows in a southwesterly direction for a

distance of about 150 miles to its junction with the San Joaquin
River 10 miles west of Modesto. The upper portion of the drainage

basin is characterized by plateaus and meadows, but the stream soon

drops into a deep canyon cut in the granite formation by glacial

action, and follows this gorge for a distance of 80 miles, finally

emerging from the foothills onto tl-.o Sail Joaquin Valley floor near

the town of La Grange. Elevations of the Avatershed range from
300 feet at the mouth of the canyon near La Grange to over 13,000 feet
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alonj? the crest of the Sierra divide Avhich separates the Tuolumne
Basin from the ]\Iono Lake and Walker River watersheds to the east.

These hiijher elevations are for the most part granite peaks, but at

lower elevations the mountains and valleys are well timbered with

several varieties of pine. The foothills are fairly well covered with

scrub oak and brush. The principal tributaries of the Tuolumne River

enter from the north, and in an upstream order are : Woods Creek,

North Fork of Tuolumne River, Clavey River, Cherry, Falls, Rancheria
and Return creeks. The Soutli Fork of Tuolumne River with its

tributary, the Middle Fork, enters the main stream from the south at

about elevation 1800 feet.

The Merced River rises at an elevation of about 11,000 feet in

the Cathedral and Ritter ranfres west of the head waters of the

Tuolumne and San Joaquin rivers in the Sierra Nevada. Elevations

in the watershed vary from about 400 feet at the Exchequer Dam to

13,090 feet at the summit of Mt. Lyell. The main river flows for a

distance of 135 miles almost in a due westerly direction from its

source to its junction with the San Joaquin River, four miles northeast

of Newman. After it passes through Yosemite Valley at an elevation

of about 4000 feet, it is joined by the South Fork which rises in the

vicinity of Merced Peak. The drainao^e basin, lyinj? wholly Avithin

Mariposa and Merced counties, is very rugged at the head waters, but

is more regular below Yosemite Valley. It has a length of about 65

miles from the crest of the ridge to the valley floor and an average

width of 20 to 25 miles.

The Chowchilla River drains a secondary watershed on the lower

western slope of the Sierra Nevada, lying between the basin of the

Merced River on the north and that of the Fresno River on the east

and south. It rises at an elevation of about 6000 feet, 50 miles

westerly from the crest of the Sierra Nevada, and flows in a south-

westerly direction to the valley floor. The channel divides after

reaching the plains and water enters the San Joaquin River only at high

flow stages. The drainage basin is situated in Mariposa and Madera
counties. The upper part of the basin is fairly well forested, and the

lower part is covered with scattering trees and bru.sh. The stream
rises at a point too far from the cre.st of the Sierra and at too low an
elevation to be snow fed in the summer months, resulting in a run-off

varying from little or no flow to flashy floods.

The Fresno River, like the Chowchilla, drains a secondary water-

shed of the lower western slope of the Sierra Nevada lying between
the ]\Ierced River Avatershed on the north and the San Joaquin River
watershed on the south. The watershed has the same general char-

acteristics as that of the Chowcliilla River. The Fresno River rises at

an elevation of about 7000 feet, 40 miles westerly from the crest

of the Sierra Nevada, and flows in a southwesterly direction to

the valley floor, thence Avesterly to its junction witli the San Joaquin
River northeasterly from Dos Palos. The u])per iK)rtion of the water-

shed consists of several branches Avhich come together to form a single

chann(?l at Windy Ga]). From this point the stream remains in a

well defined r()ck-l)ouii(l channel for scvei-al miles with no tributaries

of importance until its junction Avitii Coarse Gold Creek. On the

lower reaches the strcambed of Fresno River broadens to a wide sandy
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channel. The stream rises at a point in the Sierra Nevada at an

elevation too low to be snow fed in the snmmer months and the natural

run-off varies from little or no floAv in late summer to flashj^ floods

during the rainy season.

The Kings Kiver drains a large area on the western slope of the

Sierra Nevada in Fresno and Tulare counties. The watershed is

situated between the San Joaquin River Basin on the north and that

of the Kaweah and Kern River basins on the south. The main stream

is formed well up in the mountains by the confluence of the North,

Middle and South forks. These branches head in the numerous glacial

lakes spread along the crest of the Sierra Nevada, between Mount
Goddard, elevation 13,555 feet, on the north and nearly to Mount
Whitney on the south, which rises to an elevation of 14.501 feet above

sea level, the highest peak in the United States. Above elevation

10,000 feet the drainage basin is very rugged, consisting mainly of

granite left bare by glacial action, but below this elevation the moun-
tains are well timbered. The main canyon of the river extends

southwesterly to a point in the foothills about ten miles northeast

of Sanger. Here the river emerges from the foothills to the valley floor,

where it has built up a large delta. Most of the discharge reaching

the lower part of the delta passes northwesterly through Fresno Slough
to the San Joaquin River about two miles north of Mendota. In
times of high flood, however, a portion of the discharge flows southerly

to Tulare Lake. The watershed has characteristics very similar to

that of the San Joaquin River. As nearly 400 square miles of the

basin are above elevation 10,000 feet, it is snow fed during a large

part of the year. The basin, above the valley floor, has a length of

about 50 miles and an average width of about 30 miles.

The Kaweah River drains a watershed on the western slope of the

Sierra Nevada in Tulare County, adjoining that of the Kings River on
the north and the Tule River on the south and extending on the east

to a secondary ridge, parallel to the main backbone of the Sierra

Nevada, called the Great Western Divide, which separates its basin

from that of the upper Kern River. The headwaters rise in glacial

lakes along the divide near Triple Divide Peak, elevation 12,651 feet.

The main stream is formed about ten miles above the head of its

delta, by the confluence of the North, Middle and South forks. Below
the foothills it divides into several distributaries, which cross the delta

fan and enter Tulare Lake near Corcoran. The basin above the lower

edge of the foothills is about 26 miles long with an average width
of about 20 miles.

The Tule River drains a small and somewhat rectangular area on
the lower western slope of the Sierra Nevada lying south of the Kaweah
River Basin, west of the Kern River Basin and north of the Deer
Creek Basin. The headwaters rise at an elevation of about 9500 feet

near Sheep Mountain. The main stream is formed by the junction

of the North and ]\Iiddle forks about ten miles northeast of its

point of emergence from the foothills at Porterville. The South Fork
joins the main stream six miles east of this point. Flood waters flow

westward through old delta channels to Tulare Lake. The north and
south length of the basin is about 25 miles and its average width about
fifteen miles.
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The Kern River is the most southerly of the large streams rising

in the Sierra Nevada and diseliarging into the San Joaquin Valley.

Its watershed is situated in Kern and Tulare counties. The basin
extends almost due north and south for 90 nliles, with a maximum
width of about 30 miles. The northern part of the watershed is

divided into two drainage basins by a high rugged central ridge that

runs nearh^ due south from the main divide at Cottonwood Pass and
terminates north of South Fork Valley just east of Kernville. The
western basin is drained by the North Fork and its main tributary,

Little Kern, and the eastern basin by the South Fork. The eastern

boundary of the basin runs south fi-om Mt. Whitnej^ and is formed
by the main backbone of the Sierra Nevada. The western boundary
is formed by the Great Western Divide and by its extension, the Green-
liorn Mountains. The northern boundary lies on the Kings-Kern
Divide and the southern along the terminal ridges of the Sierra Nevada,
where they join the Tehachapi Mountains. The main or North Fork
of the Kern River heads in the extreme north end of the basin in the

Mt. Whitney region and flows southerly for about 80 miles to its

junction with the South Fork. The South Fork, which drains the

eastern part of the Kern River Basin, flows southward parallel to

the eastern boundary and then turns nearly due west to join the main
stream. The two parts of the drainage basin differ greatly in topog-

raphy. The basin of the North Fork is extremely rugged, while that

of the South Fork is rather flat and abounds in meadows situated

among irregular chains of hills. The two forks join at Isabella to

form the main Kern River, which flows in a southwesterly direction

through a deep and rugged canyon for about 31 miles, and then emerges
abruptly onto the valley floor about twelve miles east of Bakersfield.

From this point its course is westerly to Buena Vista Lake.

The rocks of most of the region are granitic, but the granite

formation is most noticeable in the barren and arid ridges of the

southern part of the basin, and in the glaciated higher peaks. The
southern and eastern parts of the basin are sparsely covered with
juniper and chaparral, but above Kernville the growth improves gen-

erally and at some points the forest cover is excellent. About 47
per cent of the North Fork drainage area lies above elevation 8000
feet whereas 76 per cent of the South Fork lies below that elevation.

The effect of this difference in elevation is reflected in the run-off record,

for although it drains approximately one-half the total area, the

North Fork yields about 75 per cent of the mean seasonal run-off.

Altitudes in the Kern River Basin range from a few hundred feet

at the mouth of the river's lower canyon to more than 14,000 feet on
the headwaters. More than 50 peaks in tlie basin exceed 13,000 feet

in elevation and many of the lakes which feed the upper stream are

at an altitude of 11,000 feet or more.
The watershed areas above the lower edge of the foothills for

each of the major streams of the San Joaquin River Basin, between
various elevations, are set forth in Table 1.
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TABLE 1

DISTRIBUTION OF DRAINAGE AREAS OF THE MAJOR STREAMS OF
THE SAN JOAQUIN RIVER BASIN ABOVE THE LOWER EDGE

OF THE FOOTHILLS BY ZONES OF ELEVATION

River

Cosumnes, above Michigan Bar.
Mokelumne, above Clements
Calaveras, above Jenny Lind
Stanislaus, above Knights Ferry
Tuolumne, above La Grange
Merced, above Merced Falls

Chowchilla, above Buchanan
Fresno, above edge of foothills.

.

San Joaquin, above Friant

Kings, above Piedra
Kaweah, above Three Rivers...
Tule, above Porterville

Ke rn, above Bakersfield

Below
2,500
feet

238
121

301

223
248
191

161

167
182
283
61
142

102

Area, in square miles

Between
2,500 and
5,000 feet

212
194
90
205
375
317
72

89
227
201

141

117

572

Between
5,000 and
10,000 feet

84
317

3

541
805
494

5

14

925
824
275
131

1,470

Above
10,000
feet

14

115
52

297
386
37

266

Totals

534
632
394
983

1,543

1,054

238
270

1.631

1,694

514
390

2,410

The San Joaquin Valley floor is a comparatively level area except

for an isolated group of hills along its southwestern edge called the

Kettleman Hills. The valley is about 270 miles long from the mouth
of the San Joaquin Eiver to the edge of the foothills south of Bakers-

field and averages 50 miles wide. Elevations range from a few feet

below sea level in the San Joaquin River Delta to 1500 feet at the

edge of the foothills in the southern end of the valley. The area of the

valley floor is about l^i}DD_square miles including the San Joaquin Valley

portion of the delta formed at the confluence of the Sacramento and
San Joaquin rivers. The main valley floor contains a gross area of

agricultural lands of about 11,300 square miles, and the San Joaquin
Valley portion of the delta about 436 square miles. The valley floor, by
reason of physiographic characteristics, falls naturally into three

divisions, the area south of the upper San Joaquin River, the area

between the upper San Joaquin River and the delta and the delta

region. The delta division comprises the delta proper or the low
marsh and peat lands, which in their natural condition were subject

to tidal overflow, and the bordering alluvial rim-lands subject to occa-

sional inundation from flood waters. The area between the delta and
upper San Joaquin River is divided on the east side of the main river

by the major tributary channels. The west side is fairly smooth,

except for occasional minor stream channels or draws. Upstream
from the mouth of the Merced River, bordering the main San Joaquin
River on the west for a width of several miles, is a strip of territory

traversed bj^ the winding courses of scores of slough channels, some
of which are as large as the main San Joaquin River channel itself,

and in time of floods carry the major portion of the stream flow.

Immediately south of the San Joaquin River is a natural ridge or

barrier formed by the Kings River Delta on the east side of the valley

trough, and to a minor extent by deposit from Panoche Creek on the

west. In the depression south of fhis ridge is Tulare Lake which
receives the surplus flow of all streams south of Kings River. Part
of the surplus Kings River run-olf flows north through Fresno Slough
to the San Joaquin River and part south to Tulare Lake. In its natural
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condition Tulare Lake covered an area varyinp: from a few square niiies

in dry cycles to about 760 square miles in wet ones. Reclamation

by levees now restricts the submerged area to smaller tracts under

normal run-off conditions. South of Kern River Delta a similar

shallow but smaller lake stores surplus flood waters of Kern River. The

area of this lake also has been restricted by levees, which cause excess

water to drain north to Tulare Lake through an artificially deepened

and leveed channel. A delta also has been built up by the Kaweah
River immediately south of the Kings River Delta. It does not extend

westward a sufficient distance, however, to form a barrier in the valley

trough.

Precipitation.

Data on the precipitation in the 8an Joaquin River Basin have been

collected, compiled and published by the United States Weather Bureau

and its predecessor, the Army Signal Corps, for about 150 stations for

varying periods. Some of the earlier stations established have been

discontinued. The longest record available is at Stockton, which has

been kept continuously since 1867. A number of these rainfall records

date back to the early 70s and are of great value in estimating the

probable water yield of the San Joaquin River Basin during the

period prior to the commencement of stream flow measurements by the

United States Geological Survey.

During a previous investigation * a careful study and analysis

were made of precipitation records of the entire State. Inquiry was

made into the geographical distribution, magnitude and variation of

occurrence, both seasonal and periodic, of precipitation in all sections

of the State. An important part of the study was the relation of

precipitation in any one season to normal or mean precipitation. From
the results of the study the State was divided into 26 precipitation

groups or divisions, having similar precipitation characteristics. These

are shown by the blue lines on Plate II, "Geographical Distribution

of Precipitation in California," and have been identified by letters

of the alphabet. Eight of the divisions (K, L, P. Q. R, S, T and V)
lie entirely or partly in the San Joaquin River Basin. A list of the

precipitation stations in the San Joaquin River Basin, compiled and
published by the United States Weather Bureau, and the period of

7-ecord at each station are set forth in Table 2. In general, the periods

of record are continuous between the dates shown. However, there

is an occasional month, in which it is believed there was some precipi-

tation, for which records are missing for certain stations. In calcu-

lating the num1)or and fractions of years of available records, no deduc-

tions were made for these montlis. Tlie locations of these stations are

also shown on Plate II. The solid red dots indicate stations at which

records are now being obtained, and open red circles those which have

been discontinued.

* Bulletin No. 5, '•Plow in California Streams," Division of Engineering and Irri-

gation, State Department of Public \Vorks, 1923.
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condition Tulare Lake covered an area varying from a few square miles

in dr}' cycles to about 760 square miles in wet ones. Reclamation
by levees now restricts tbe submerged area to smaller tracts under
normal run-oif conditions. South of Kern River Delta a similar

sliallow but smaller lake stores surplus flood waters of Kern River. The
area of this lake also has been restricted by levees, which cause excess

water to drain north to Tulare Lake through an artificially deepened
and leveed channel. A delta also has been built up by the Kaweah
River immediately soutli of the Kings River Delta. It does not extend

westward a sufficient distance, however, to form a barrier in the valley

trough.

Precipitation.

Data on the precipitation in the San Joaquin River Basin have been

collected, compiled and published by the United States Weather Bureau
and its predecessor, the Army Signal Corps, for about 150 stations for

varying periods. Some of the earlier stations established have been

discontinued. The longest record available is at Stockton, which has

been kept continuously since 1867. A number of these rainfall records

date back to the early 70s and are of great value in estimating the

probable water yield of the San Joaquin River Basin during the

period prior to the commencement of stream flow measurements by the

United States Geological Survey.
During a previous investigation * a careful study and analysis

Avere made of precipitation records of the entire State. Inquiry was
made into the geographical distribution, magnitude and variation of

occurrence, both seasonal and periodic, of precipitation in all sections

of the State. An important part of the study was the relation of

precipitation in any one season to normal or mean precipitation. From
the results of the study the State was divided into 26 precipitation

groups or divisions, having similar precipitation characteristics. These

are shown by the blue lines on Plate II, "Geographical Distribution

of Precipitation in California," and have been identified by letters

of the alphabet. Eight of the divisions (K, L, P, Q. R, S, T and V)
lie entirely or partly in the San Joaquin River Basin. A list of the

precipitation stations in the San Joaquin River Basin, compiled and
published by the United States Weather Bureau, and the period of

iTCord at each station are sot forth in Table 2. In general, the periods

of record are continuous between the dates shown. However, there

is an occasional month, in w^hich it is believed there was some precipi-

tation, for wliicli records are missing for certain stations. In calcu-

lating the number and fractions of years of available records, no deduc-

tions were made for tlie.se months. Tiie locations of these stations are

also shown on Plate II. The solid red dots indicate stations at which
records are now being obtained, and open red circles those which have

been discontinued.

• Bulletin No. 5, '"Flow in California Streams," Division of Engineering and Irri-

gation, State Department of Public Works, 1923.
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TABLE 2

PRECIPITATION STATIONS IN SAN JOAQUIN RIVER BASIN

Records published by U. S. Weather Bureau

Station

Precipitation Division K-
Oleta*

Drytown* _-

lone*

Sutter Creek*
Jackson*
Jackson (near)* _.

Kennedy Mine _.

Tamarck*

Bear River*
Mitchell Mill*

West Point
Mill Creek No. 1

Electra

Mokelumne Hill*

Lancha Plana
Wallace
Valley Springs*

Jenny Lind
Milton* .-_-_

Calaveras Ranger Station*.

Angels Camp*
Melones*
American Camp*
Penstock Camp*
Long Camp*
Phoenix Dam*
Sonora
Jamestown*
Jacksonville*

Groveland*

La Grange

Merced Falls

Dudleys
Kinsley*
Crockers*
Lake Eleanor
Hetch-Hetchy
Yosemite
Glacier Point*
Summerdale*
Mariposa
Gait*.

Elliot

Clements
Bellota

Farmington*
Oakdale*
Oakdale (near)

Denair (Elmwood) (Ehndale).

Precipitation Division L—
Antioch

Brentwood*.

Byron*

Tracy*

Lathrop.

Stockton No. 1

.

-Stockton No. 2_

Lodi

Rio Vista

Bensons Ferry..

Precipitation Division P—
Modesto

Stream Basin

Sutter Creek
Sutter Creek
Sutter Creek
Sutter Creek
Sutter Creek
Sutter Creek
Sutter Creek

Mokelumne River.

Mokelumne River.
Mokelumne River.
Mokelumne River.
Mokelumne River.
Mokelumne River.
Mokelumne River.
Mokelumne River.
Bear Creek
Calaveras River...
Calaveras River...
Rock Creek
Stanislaus River...
Stanislaus River. _.

Stanislaus River...

Stanislaus River...

Stanislaus River...
Tuolumne River..

.

Tuolumne River...

Tuolunane River...

Tuolumne River...

Tuolumne River. .-

Tuolumne River...

Westley*

Tuolurone River

Merced River
Merced River
Merced River
Tuolumne River
Tuolumne River
Tuolumne River
Merced River
Merced River
Merced River
Mariposa Creek
San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor-

San Joaquin Valley Floor-

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin

San Joaquin

Valley Floor.

Valley Floor .

San Joaquin Valley Floor..

San Joaquin Valley Floor..

San Joaquin Valley Floor.

San Joaquin
San Joaquin

San Joaquin

San Joaquin
San Joaquin

Valley Floor.
Valley Floor.

Valley Floor.

Valley Floor.

Valley Floor.

Period of Record

San Joaquin Valley Floor.

San Joaquin Valley Floor.

July,

Dec,
Jan.,

July,

Sept.,

Nov.,
Jan.,

Mar.,
Jan.,

July,

Jan.,

Jan.,

Jan.,

Jan.,

Jan.,

July,

July,

Jan.,

Jan.,

July,

Jan.,

Jan.,

Jan.,

Jan.,

Mar.,
Jan .,

Nov.,
Sept.,

Jan.,

Jan.,

Jan.,

Jan.,

I Oct.,

Jan.,

Jan.,

Jan.,

July,

Nov.,
Oct.,

Jan.,

Jan.,

Jan.,

July,

Jan.,

July,

July,

Jan.,

Jan.,

Oct.,

Mar.,
Jan.,

Jan.,

July,

June,
Feb.,

June,

Jan.,

(July,

i June,

[July,

Jan.,

July,

Jan.,

July,

Jan.,

Jan.,

jJan.,

'July,

Jan.,

1891-June,
1891-Sept.,

1878-Dec.,

1887-Jan.,

1877-June,
1891-Oct.,
1892 -June,

1900-Aug.,
1906-June,
1907-June,
1915-Sept.,

1894-June,
1907-June,
1904-June,
1882-June,
1926-June,
1926-Jiine,

1888-Dec.,
1907-June,
1888-Oct.,

iei6-Dec.,
1908-Nov.,
1907-June,
1915-Jan.,

1907-Aug.,
1909-April,

1908-Dec.,

1887-June,
1903-July,
1907-Dec.,
1904-April,

1868-June,
1908-June,
1907 -June,

1909-June,
1915-Nov.,
1896-April,

19C9-June,
19 10 -June,

1904-June,
1920-Oct.,
1896-Sept.,

1908-June,
1878-Dec.,
lS26-June,
1926-June,
1911-June,
1877-Dec.,
1880-May,
1918-June,
1899-June,

1902
1906
1915

1899
1886
1903
1929

19031

19271

1914
1916
1929
1929

1929
1927
1929

1929
1915
1929
1928
1920
1915
1927
1917
1910
1911

1916

1929
1915
1917
1916
19001

1929!

1929
1929
1916
1910
1929
1929
1929
1923
1912
1929
1915
1929
1929
1929
1915
1918
1929

1929

1879-June,
1890-Dec.,

1897-Dec.,
1890-Dec.,
1897-Dec.,
1879-Dec.,

1877-Dec.,
1897-Nov.,
1909-June,
1867-June,
1926-June,
1888-Sept.,

1926-June,
1893-June,
1918-June,

1929

1894
1899
1894
1905
1915

18941

1899

1929)

1929
1929
1912!

1929
1929
1929

1871-Dec., 1915

1927-June, 1929

1889-Dec., 1915

Record
available to

June 30,

1929, in years

11

14M
38

11^^

8?4
12

37H
25

7

1%
351^
22>^

25^
45^
3

3

28
22^
40H
5

8

20J^
2

24
SH
41M

11

12V^

22H
2Wi
2

13'^
19-'

3

18M
25}^

3Ji
16Ji
21

38
3

3

18}^
3£
372.^

11'

3

30,Vi

1

37

40

62>^
3

21%

36H
IIH

47

27

* Discontinued in U. S. Weather Bureau publications.
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TABLE 2—Continued

PRECIPITATION .STATIONS IN SAN JOAQUIN RIVER BASIN

Records published by U. 5. Weather Bureau

Station

Precipitation Division P—Continued
Newman
Turlock

Livingston*..-

Merced
Le Grand

LosBanos

Orestimba* __

Precipitation Division Q—
Raymond* -.. ,

Poilasky*

Friant....

North Fork
Crane Valley

Huntington Lake. _ _

Big Creek (Cascada)
Stevenson Creek*
Auberry
Balch Camp
Dinkey Meadow
Helm Creek (Hobbler's Camp)
Cliff Camp....
Dunlap*
Hume*
Piedra

Athlone*
Minturn*

Firebaugh

Mendota*

Berenda*

Madera (Storey)

Borden* v..

Clovis (near)

Helm
McMullin*
Fresno
Sanger*
Kings River
Reedley*
Selma*

Kingsburg (near)

Dinuba

Huron*
Lemoore*
Goshen*

Traver*

Westhaven..
Hanford

Visaiia

Precipitation Division R—
Lemoncove
Lime Kiln*
Three Rivers
Ash Mountain
Giant Forest

Milo*
Springville (near)

Hot Springs
GlenviUe (near)

Weldon*
Kernville

Stream Basin

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

San Joaquin Valley Floor.

Fresno River

San Joaquin River.

San Joaquin River

San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River
Kings River
Kings River
Kings River
Kings River
Kings River
Kings River
Kings River
San Joaquin Valley Flooi

San Joaquin Valley Flooi

San Joaquin Valley Flooi

San Joaquin Valley Flooi

San Joaquin

San Joaquin
San Joaquin
San Joaquin
San Joaquin
San Joaquin
San Joaquin
San Joaquin
Sau Joaquin
San Joaquin
San Joaquin

San Joaquin

San Joaquin

San Joaquin
San Joaquin
San Joaquin

San Joaquin

San Joaquin
San Joaquin

San Joaquin

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

V'alley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

Valley Flooi

V'alley Floor

Kaweah River.
Kaweah River.
Kaweah River.
Kaweah River.
Kaweah River.
Tule River
Tule River
Deer Creek
Poso Creek
Kern River
Kern River

Period of Record

Jan.,

Jan.,
' Aug.,

/Nov.,
[Jan.,

Jan.,

June,
Jan.,

\Jan.,

Feb.,

J889-June, 1929
1879-Dec., 18991
1920-June, 1929;
1885-Sept., 18981

1921-Nov., 1922

1

1872-June, 1929
1899-June, 1929
1873-Dec., 19151
1926-June, 1«29/
1899-May, 1899

Mar.,

(June,

\Jan.,

/Jan.,

\Jan.,

Mar.,
July,

July,

July.

April,

July,

July,

Nov.,
Jan.,

Nov.,

Jan.,

Jan.,

Jan.,

Dec,
Jan.,

/Jan.,

{Jan.,

Jan.,

Mar.,
\June,

June,
May,
Jan.,

Dec.,

Jan.,

July,

Jan.,

Jan.,

Aug.,
Jan.,

fJuly

IJan.,

/June,

(Jan.,

Oct.,

July,

July.

/Dec,
!Aug.,

Jan.,

June,
[July,

IJan.,

Jan.,

June,
July,

Julv,

July,

April,

Oct.,

Jan.,

July,

Jan.,

Jan.,

1899-Oct.,

1897-Dec.,
1907-Dec.,
1897-Dec.,
1906-June,
1904 -June,
1903-June,
1915-June,
1915-June,
1916-Dec.,
1915-June,
1926-June,

1921-June,
1922-June,
1921-June,
1912-Dec.,

1914-Dec..
1917-June,
1885-May,
1899-Dec.,

1873-June,
1907-June,
1894-Nov.,
1889 -Dec,
1897-Dec.,

1899-June,
1875-Dec.,
1917-June,
1927-June,
1895-Fcb.,

1881-June,
1889-Dec.,
1929-June,

1899-June,
1886-Dec.,

1879-Dec.,
1928-June,
1897-Dec.,

1909-June,
1891-Oct.,

1879 -Dec,
1887-Oct.,

1885-Dec.,
1897-Dec.,
192ti-June,

1899-Juue,

1877-June,
1888-June,

1899-June,
1898-Oct.,

1909-June,
1826-June,
1921-June,
1898-May,
1907-June,
1907-June,

1909-June,
1904-Dec.,

1894-June,

1900

19031

1911j

1903 \

1929 [

1929

1929
1929

1929

1917
1929
1929
1929
1929
1929
1915
1915

1929
1898
1899
1886
1929/
1908
1894

1

1899 i

1929
1895
1929

1929
1898
1929
1915
1929
1923
1915
1900 \

1929;
18991

1929/
1905
1901

1902
1894 \

1899]
1929

1929
18861

1929/

1929
1898
1929
1929
1929
1922
1929

1929
1929

1906
1929

Record
available to

June 30.

1929,in years

* Discontinued in U. S Weather Bureau publications.
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TABLE 2—Continued

PRECIPITATION STATIONS IN SAN JOAQUIN RIVER BASIN

Records published by U. S. Weather Bureau

Station

Precipitation Division R—Continued
Isabella*

Mt. Breckenridge*
Caliente*

Delano*

Precipitation Division S

—

Exeter*
Lindsay
Porterville

Tulare*
Tulare (near)*

Angiola
Wasco -.

Famosa*
Bakersfield

Calloway Canal*
Edison (near)

Bear Valley No. 1*

Precipitation Division T

—

Coalinga
Alcalde*

Antelope Valley

Idria

Dudley
Middlewater
Maricopa
Pattiwav
Fort Tejon*

Precipitation Division V—
Keene*

Girard*

Tehachapi

Tejon Ranch

Stream Basin

Kern River _.

Kern River
Caliente Creek. _

.

San Joaquin Valley Floor

San Joaquin Valley Floor,

San Joaquin Valley Floor
San Joaquin Valley Floor

San Joaquin Valley Floor.

San Joaquin Valley Floor
San Joaquin Valley Floor
San Joaquin Valley Floor

San Joaquin Valley Floor

San Joaquin Valley Floor

San Joaquin Valley Floor

San Joaquin Valley Floor

Sycamore Canyon

San Joaquin Valley Floor

San Joaquin Valley Floor

San Joaquin Valley Floor
Panoche Creek
San Joaquin Valley Floor,

San Joaquin Valley Floor
San Joaquin Valley Floor

Bitter Creek
Grape Vine Creek

Caliente Creek

Caliente Creek

Caliente Creek

Tejon Creek

Period of Record

Feb., 1896-June, 1910
Jan., 1897-Aiig., 1897
Jan., 1876-Dec., 1915
Jan., l'87t)-Dec., 1908

Mar.,
July,

Jan.,

Mar.,
Jan.,

July,

July,

Jan.,

Jan.,

Jan.,

Jan.,

Jan.,

Jan.,

Aug.,
July,

Jan.,

Jan.,

July,

July,

Dec,
Feb.,

/July,

\Jan.,

/Jan.,

Jan.,

Dec,
July,

Jan.,

July,

April,

1892-Dec., 1899
1914-June, 1929
1889-June, 1929
1874-Dec., 1914
1893-Oct., 1909
1899-June, 1929
1899 -June, 1929
1897-Aug., 1897
1889-June, 1929
1895-Feb., 1899
1904-June, 1929

1897-Jan., 1916

1912-June, 1929
1888-July, 1893
1911-June, 1929
1918-June, 1929
1912-June, 1929
1911-June, 1929
1911-June, 1929
1915-June, 1929

1895-Dec., 1901

Record
available to

June 30,

1929,inyears

lil4

H
40
33

7M
15

40H
408/i
163^

30
30

19

173^
5
18

11^
173^
18

18

13J^
7

1879-June,
1806-Dec.,
1889-Dec,
1897-Dec.,
1876-Dec.,

1926-June,
1894-May,
1898-Dec.
1909-June,

1902 \

1912/
1894\

1899/
1915\
1929]

1896
1906
1929

30

9

42

31«

•Discontinued in U. S. Weather Bureau publications.
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Jn the previous investigration tlie precipitation in a particular sea-

son at a station Avas expressed by a number representing the precipita-

tion in per cent of normal and defined as the "index of seasonal

wetness." The indices for each division were calculated from precipi-

tation records at stations within the division. For stations with missing

records, indices were estimated from records at other stations within the

same or adjacent divisions. The index for each season in a particular

division wa's taken as the arithmetical mean of the indices of seasonal

wetness of the several stations in that division. Indices were calculated

for the 26 precipitation divisions for the period 1871 to 1921.

Precipitation division "K" embraces the western slope of the

Sierra Nevada and the ea.stern portion of the San Joaquin Valley floor

adjacent thereto, from the drainage basin of Cosumnes River on the

north to that of the Chowchilla River on the south and that portion of

the eastern slope of the Sierra draining into Mono Lake. Precipitation

division "L" includes that part of the San Francisco Bay drainage

basin in Alameda, San Mateo and Contra Costa counties, the drainage

basins of the small streams on the west side of the San Joaquin River

Basin and the western part of the valley floor in Contra Costa,

Alameda, San Joaquin and the northern portion of Stanislaus counties.

Precipitation division "P" includes the drainage basins of the small

streams on the west side of the valley and the western portion of the

valley floor in the southern part of Stanislaus and the northern part

of Merced counties. Precipitation division "Q" covers the drainage

basins of the streams draining the western slope of the Sierra Nevada

from the Daulton Creek Group on the north to the Kings River on the

south, the eastern part of the valley floor adjacent thereto and the

northern portion of the Owens River drainage basin on the eastern

slope of the Sierra Nevada. Precipitation division "R" includes the

western slope of the Sierra Nevada from the drainage basin of the

Kaweah River on the north to that of Kern River on the south and

the southern portion of the Owens River drainage ba.sin on the ea.stern

slope of the Sierra Nevada. Precipitation division "S" contains the

southern portion of the San Joaquin Valley floor lying in Kings, Tulare

and Kern counties. Precipitation division "T" includes the drainage

basins of the minor streams on the western side of the San Joaquin

Valley from Panoche Creek on the north to Muddy Creek on the south.

Precipitation division "V" covers the nortliern slope of the Tehachapi

Mountains and contains the drainage basins of the minor streams from

Caliente Creek on the east to San Emigdio Creek on the west.

In the present investigation, the indices of seasonal wetness for the

precipitation divisions of the San Joacpiin River l?a,sin were calculated

for the seasons 1921-1929, by the same method used in the previous

investigation. The normal for the period, 1871-1921, was used for^

each station in making the extensions. In precipitation division "V'
the rainfall records at all stations used in Bulletin No. 5 were dis-

continued. This made the substitution of additional stations necessary!

and indices were recomputed for the 50-year period. In division!

"T" the addition of several new stations within the San Joaquin Riverj

Basin made the recomputation of the indices advisable. The indices

of seasonal wetness for precipitation divisions in the San Joaquinl

River Basin for the period 1871-1929 are shown in Table 3. These]
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indices are useful not only in showing the variation of precipitation

by seasons durinj; the 58-year period, but also in estimating the run-off

from ujimeasured streams and measured streams with missing records.

A review of the data on indices of seasonal wetness in Table 3

shows that there is a Avide variation in precipitation from season to

season at any particular station and also that there are wet and dry
periods Avhich have occurred throughout the basin. The period from
1916 to 1929 was one of low precipitation. The precipitation in a

majority of the seasons in that period was less than normal. The
variation in mean seasonal precipitation throughout the State is deline-

ated on Plate II. On this plate, each type of shading represents

areas having a mean seasonal precipitation within the limits set forth

in the legend.

6—80997
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TABLE 3

INDICES OF SEASONAL WETNESS FOR SAN JOAQUIN RIVER BASIN

Season

Index of wetness in division

K

1871-72.
1872-73.
1873-74.
1874-75.
1875-76.

1876-77.
1877-78.
1878-79.
1879-80.
1880-81.

1881-82

_

1882-83.
1883-84.
1884-85

.

1885-86.

1886-87.
1887-88.
1888-89.
1889-90.
1890-91.

1891-92.
1892-93.
1893-94.
1894-95.
1895-96.

1896-97
1897-98.
1898-99.
1899-00.
1900-01.

1901-02.
1902-03.
1903-04.
1904-05.
1905-06.

1906-07.
1907-08-
1908-09.
1909-10
1910-11.

1911-12.
1912-13.
1913-14.
1914-15.
1915-16.

1916-17.
1917-18.
1918-19.
1919-20.
1920-21.

1921-22.
1922-23.
1923-24.

1924-26.
1925-26.

1926-27.

1927-28.
1928-29.

122
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From Plate II it may be seen that there is considerable difference

in the values of the mean seasonal precipitation in various portions

of the San Joaquin River Basin. The mean seasonal precipitation

varies from 50 inches in the mountains at the northern end of the

basin to less than 10 inches at the southern end of the San Joaquin
Valley floor. In general, the precipitation decreases from north to

south and increases with the elevation in the Sierra Nevada up to a

maximum at an elevation of about 6000 feet and decreases slightly

above this elevation to the crest of the mountains. The precipitation

on the eastern slope of the Coast Range Mountains draining toward
the San Joaquin River Basin is less than at the same elevation of the

western slope of the Sierra Nevada.
Precipitation in the San Joaquin River Basin has large monthly

variations. With the exception of occasional summer showers in the

mountain areas, practically all of the precipitation occurs during the

months of September to May, inclusive. About ninety per cent occurs

during the montlis of November to April, inclusive. There is little or

no rainfall on the valley floor between May and September, the period

of greatest irrigation demand. The entire seasonal precipitation on the

valley floor contributes only a fraction of the water supply required
for the consumptive use of the average crops produced in the San
Joaquin Valley.

Precipitation on the higher mountain areas occurs in the form of

snow during the winter months. This snow packs down, does not melt
until late spring or early summer months, and produces the same
effect in run-off' as though the precipitation had been extended beyond
the usual rainy season.

Run -off.

The most reliable knowledge of the run-off of the San Joaquin
River Basin is derived from stream flow measurements. The first

stream flow records were obtained during the period 1878-1884, under
the direction of William Ham. Hall, State Engineer. Measurements
and estimates were made of the run-off for the following streams in

the San Joaquin River Basin : San Joaquin River at Hamptonville,
Kern River at Rio Bravo Ranch, Caliente Creek at base of foothills,

Poso Creek at base of foothills, White River at base of foothills. Deer
Creek at base of foothills, Tule River at Porterville, Kaweah River at

Wutchumna Hill, Kings River at Slate Point, Fresno River at base

of foothills, Chowchilla River at base of foothills, Mariposa Creek at

base of foothills, Bear Creek at base of foothills, Merced River at

Merced Falls, Tuolumne River at Modesto, Stanislaus River at Oakdale,
Calaveras River at Bellota, Mokelumne River at Lone Star Mill, Dry
Creek at base of foothills and Cosumnes River at Live Oak Suspension
Bridge. These activities were discontinued after 1884.

Beginning in the nineties, gaging stations were established on the
more important streams in the San Joaquin River Basin by the United
States Geological Survey. Since 1903 these stations have been main-
tained by the Geological Survey in cooperation with the State. The
oldest station in the basin for which a continuous record of run-off is

available to date is that on the Kern River near Bakersfield, established

September 29, 1893 and still maintained by the Kern County Land
and Water Company. This gives a continuous 36-year record of run-off
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from October, 1S93, to October, li)2i). Otlier .stations Avere progres-

sively establislied and at the jiresent time are maintained on all the

major streams and many of their tribntaries. In 1929, stream flow

records were available from 89 of the United States Geoloj^ical Survey
stations. During the 1929-3980 seasons five stations were established

or reestablished in the San Joaquin liiver Basin by that agency. In

addition to the records from stations maintained by, or others made
available through United States Geological Survey, there are a number
from stations maintained by power companies and irrigation districts

on streams, canals or reservoirs which are of value, particularly in

estimating diversions and use from the various streams. The stations

of greatest value in estimating the available water supply of the San
Joaquin Eiver Basin are those maintained on the major streams at or

near the line where the foothills meet the valley floor. These stations

at the foothill line furnish data on the run-off of the mountain and

foothill areas which may be made available for use in the valley.

The United States Geological Surve.y gaging stations in the San Joa-

([uin River Basin established prior to September 80, 1929, are shown
in Table 4. In the table are given for each station, the name of the

stream, location of the gaging station, the tributary drainage area,

where known, and the period of stream flow record.
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TABLE 4

UNITED STATES GEOLOGICAL SURVEY STREAM GAGING STATIONS IN
SAN JOAQUIN RIVER BASIN

Established prior to September 30, 1929

Stream

Kern River
Kern River and Kern No. 3 Canal
Kern River

Kern River

Kern River and Borel Canal
Kern River
Kern River No. 3 Canal
Salmon Creek
Kern River Power Co.'s Canal

Borel Canal

South Fork of Kern River

South Fork of Kern River
Erskine Creek
Thomas Ditch
Lowell Ditch
Basin Creek
Tejon House Creek
San Emigdio Creek
Poso Creek
WTiite River -..

Deer Creek
Tyler Creek
North Fork of Middle Fork of tule
River

Tule River
S. Fork of Middle Fork of Tule River.
Bear Creek
South Fork of Tule River
Kaweah River
Kaweah River
North Fork of Kaweah River
South Fork of Kaweah River
Kings River
Kings River
Kings River
Kings River -

North Fork of Kings River _ _

North Fork of Kings River
North Fork of Kings River
North Fork of Kings River
Helm Creek
Rancheria Creek
Dinkey Creek
Dinkey Creek
Dinkey Creek
Deer Creek
Big Creek
Tulare Lake
South Fork of San Joaquin River
Scuth Fork of San Joaquin River
San Joaquin River __-

San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River
Florence Lake Tunnel
Bear Creek
Mono Creek
Middle Fork of San Joaquin River
North Fork of San Joaquin River
Iron Creek
West Fork of Granite Creek -_-

Granite Creek
Middle Fork of Granite Creek
East Fork of Granite Creek
Jackass Creek

Station name

Near Kernville

Near Kernville

At Kernville

At Isabella.. . .
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TABLE 4—Continued

UNITED STATES GEOLOGICAL SURVEY STREAM GAGING STATIONS IN
SAN JOAQUIN RIVER BASIN

Established prior to September 30, 1929

Stream

Jackass Creek
West Fork of Jackass Creek
Chiqu'to Creek- -

Chiquito Creek -

Big Creek

Big Creek at mouth

Pitman Creek

Pitman Creek

Stevenson Creek— -

Fresno Flume and Lumber Co.'s

Upper Flume
Fresno Flume and Lumber Co.'s

Lower Flume
Southern California Edison Co.'s Flume
North Fork of San Joaquin River
South Fork Creek
South Fork Ditch....
Crane Valley Reservoir ,_.

Whiskey Creek
Cascad el Creek _.

Panoche Creek
Silver Creek

Fresno River

Chowchilla River
Merced River
Merced River

M erced River

Merced River
Merced River
Merced River
Merced River

Merced River

lllilouetto Creek...
Tenaya Creek

Yosemite Creek

South Fork of Merced River.
Lake McClure
Tuolumne River

Tuolumne River

Tuolumne River
Hetch Hetchy Reservoir..

Tuolumne River

Tuolumne River
Don Pedro Reservoir

Tuolumne River
Tuolumne River and canals ,

Tuolumne River
Falls Creek
Cherry Creek
Cherry Creek
Eleanor Creek
Eleanor Creek ,

Lake Eleanor
South Fork of Tuolumne River
South Fork of Tuolumne River
South Fork of Tuolumne River
South Fork of Tuolumne River
Golden Rock Ditch
Middle Fork of Tuolumne River

Station name

Near Fullers Meadow
Near Fullers Meadow
Near Mugler Meadows...
Near Arnold Meadow

Below Huntington Lake..

Near Big Creek

At Big Creek..

Below Tamarack Creek.

.

At Shaver

At Shaver

At Shaver
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TABLE 4—Continued

UNITED STATES GEOLOGICAL SURVEY STREAM GAGING STATIONS IN
SAN JOAQUIN RIVER BASIN

Established prior to September 30, 1929

Stream

Middle Fork of Tuolumne River
Woods Creek. ---

Sierra San Francisco Power Co.'s

Canal -

Modesto Canal -. -

Turlock Canal
Middle Fork of Stanislaus River
Stanislaus River
Stanislaus Rjver _

Stanislaus River
Relief Creek. _.

Relief Reservoir

North Fork of Stanislaus River

Utica Gold Mining Co.'s Canal
South Fork of Stanislaus River
Oakdale Canal..
South San Joaquin Canal

Stanislaus and San Joaquin Water
Co.'s Canal

Calaveras River
Calaveras River
South Channel of Littlejohns Creek...
Bear Creek
Bear Creek
North Fork of Mokelumne River

North Fork of Mokelumne River

Mokelumne River

Mokelumne River .

Mokelumne River
Pardee Reservoir
Mokelumne River
Mokelumne River
Mokelumne River
Mokelumne River
Bear River
Cold Creek
Middle Fork of Mokelumne River
South Fork of Mokelumne River

Licking Fork of Mokelumne River

Woodbridge Canal

Dry Creek

Dry Creek
Sutter Creek
Sutter Creek
Goose Creek

North Fork of Cosumnes River

North Fork of Cosumnes River.
Cosumnes River...
Camp Creek
Camp Creek
Sly Park Creek

Station name

Near Buck Meadows.
Near Jacksonville

Near La Grange
Near La Grange
Near La Grange
At Sand Bar Flat, nr. Avery.
Near Knights Ferrj'_

At Knights Ferry
At Oakdale
Near Baker Station

Near Baker Station

Near Avery

Near Avery
At Strawberry
Near Knights Ferry.
Near Knights Ferry.

At Knight's Ferry...

At Jenny Lind
Near Stockton
At Farmington
Near Clements
Near Lockeford
Above Moore Creek.

Near West Point

At Electra

Near Mokelumne HilL.
Near Lancha Plana
Near Valley Springs

Near Clements
Near Victor.

At Woodbridge
Near Thornton -

At Pardoe Camp
Near Mokelumne Peak.
At West Point
Near Raib-oad Flat

Near Railroad Flat

At Woodbrilge

Near lone

Near Gait
Near Volcano..
At Sutter Creek.
Near Elliot

Near Pleasant Valley.

Near El Dorado
At Michigan Bar
Near Sly Park
Near Pleasant Valley.

At Park

.Area of

drainage
basin, in

square
miles

103

329
673
983

1,051

28

197

54

394

193

43
52
160

270

537

539
584
575
632

648
690
33
23

69
41

273

346

54

158

197

534

Period of stream
flow record

Nov. 23

Oct. 1

Jan. 1

April 26

July 1

Sept. 1

Dec. 18

May 19

June 1

Oct. 1

Oct. 1

IJuly 14

INov. 10,

May 19

Oct. 21

May
May

(Jan
\june 11

Jan.
Oct.
Oct.
Ocf.
Oct.
Sept. 23
April 28
Feb. 1

Jan. 1

May 11

Nov. 11

June 23

Mar. 9

Jan. 1

July 21

May 27

July 6

July 3

July 23
Oct. 9
Oct. 23

/Oct. 23

\Mar. 24,

April 28
/Oct. 7
[Dec. 20
Dec.
Feb.
Feb.
Jan. 10,

/Feb. 27,

IFeb. 1

Aug. 13

Oct. 20,

Nov.
Feb.
Mar. 2,

1916-Sept.30, 1929
1925-Sept. 30, 1929

1908-Jan.
1903-Sept.
189S-Sept.
1905 -Sept.

19 15 -Sept.
1903 -April
1895-Feb.
1910- Sept.

1910- Sept.
1914-Sept.
1928 -Sept.
1915-Sept.
1911-Jan.
1914-Sept.
1914-Sept.

1899-Dec.
1904-Sept.
1907-Sept.
1925-Sept.
1925-Sept.
1926- Sept.

1926-Sept.
1926 -Sept.
iei7-Sept.
1924-Sept.
1901-Dec.
1903 -Dec.
1927 -Sept.
1926-Sept.
1929-Sept.
1905-Sept.
1927-Sept.
1924-Sept.
1926-Sept.
1927-Sept.
1927-Sept.
1911-Sept.
1911-Sept.
1911-Sept.
1915-Dec.
1926-Sept.
1911- June
1925-Sept.
1926-Sept.
1924-Sept.
1922-Sept.
1927-Sept.
1906-Sept.
1924- May
1911-Sept.
1907 -Sept.
1923 -Nov.
1924-Mav
1906-June

25, 1926

30, 1929

30, 1929

30, 1929

30, 1929

30, 1916
16. 1901

30, 1918

30, 1918

30, 1922

30, 1929

30. 1921

31, 1917

30, 1929

30, 1929

31. 1899

30. 1912
30. 1929
30, 1926

30, 1926
30, 1927

30, 1929
30, 1929

30. 1918

30, 1929

31. 1901

31. 1904
30, 1929

30, 1929

30, 1929
30. 1929

30, 1929

30, 1929

30, 1929

30, 1929

30. 1929

30. 1929

30. 1929

30. 1912

17. 1917
30, 1929
30. 1912
30, 1929

3C. 1929

30. 1927

30. 1929

30. 1929
1. 1906

31, 1924

30, 1929

30, 1929
1. 1924

31, 1924

30. 1906
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The locations of these stream frajrintr stations are shown on Plate I,

"Forested Area and Stream Gaging Stations in California." On this

Plate the solid red dots indicate stations at which records were being
taken on September 30, 1929, and the open red circles those stations

which had been discontinued.

Data from the United States Geological Survey stations and from
stations maintained by other agencies Avere used in water supply
studies for this report.

Fidl Natural Run-off. The full natural or unimpaired run-off of

a stream above any station is the run-off as it would have been if

unaltered bj' diversions, storage developjnent or importation of water
from other Avatersheds. It is the run-off that would liave occurred
under natural conditions. In these studies the determination of the

full natural run-off of each stream was made before attempting any
e.stimates of impaired run-off.

The full natural run-off was calculated for each month from the

measured run-off by adding upstream diversions and quantities stored

in reservoirs and subtracting importations and reservoir releases. The
corrections for storage Avere made as far as possible from records of

actual reservoir operation. Where records Avere not available and
water Avas known to have been stored, the amounts stored or released

Avere estimated either from records of actual operation in otlier seasons

or from records of operation of other reservoirs on the same Avatershed,

taking into account the difference betAA'een the run-off in the season

having record and the season being estimated.

The foregoing method of computing the full natural run-off applies

only to streams and to periods for Avhich records of measured run-off

AA'ere available. For streams and jieriods for Avhieh no run-off records

Avere available, one of tAvo methods of estimating the full natural

run-off Avas used. The first involved utilization of the index of Avetness

(seasonal or monthly), and the develo])ment of a relation of run-off

to index of Avetness for the ])artieular streain. The second consisted

in establishing a run-off relation betAA'^een adjacent streams of parallel

record. During periods, for which there AA'ere no run-off' records on
the stream under consideration, the full natural run-off of an adjacent

stream Avas used in estimating the discharge, providing the relation

during the period of parallel record slioAA-ed that more accurate results

could be obtained by this method than by the use of the index of

wetness.

In using the second method, the full natural monthly run-off of

the stream in question Avas plotted against the corresponding full

natural monthly run-off of the adjacent stream having parallel record,

and curves Avere draAvn through the mean of the plotted points for

each month. By entering these curves Avith the full natural monthly
run-oft' of the adjacent stream, during periods of missing record on

the stream being considered, the required estimate of monthly run-off

was obtained.

When it Avas necessary to use the first, or iiulex of Avetness method,
in estimating the full natural run-off, either the seasonal full natural

run-oft' computed from available records was plotted against the index

of sc.isoiud wetness oi- the monthly index of Avetness was plotted against

the monthly full natural run-oft* computed from the available records



Stream or stream group

Upper San Joaquin Basin

—

Panoche Creek
Cantua Creek Group (")

Los Gatos Creek
Tejon Creek Group (h)

Caliente Creek
""-Kern River

Poso Creek Group (')

Deer Creek
-Tule River
Yokohl Creek Group (<')~ Kaweah River
Lime Kiln Creek Group (')__

- Kings River
Dry Creek

^.^an Joaquin River
Cottonwood Creek

—Fresno River. .

Daulton Creek Group ( ')

-^•Ghowchilla River

Totals, Upper San Joaq\i'

Lower Sari Joaquin T

Orestimba Creek '

Dutchman Creek!
Mariposa Creek,'
Owens Creek Grfl

Bear Creek J

Burns Creek Gro
— Merced River..

Tuolumne River
Wildcat Creek G
Stanislaus River

Totals, Lo^

Delta Tributaries

Littlejohns Crc •

Martells Cree)

Calaveras Riv
Mokelumne F
Sutter Creek'
Cosumnes Ri

Totals, ]

Or?

(a) Cant!

Canoas Creel
Creek, Santi

River, Poso
\

Creek, Greaa
Romero Crefe

Creek, Bushj
Creek Group
Martells Cre^

80997-i
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The locations of these stream gajyinf; stations are shown on Plate I,

"Forested Area and Stream Gaginnf Stations in California." On this

Plate the solid red dots indicate stations at which records were being
taken on September 80, 1929, and the open red circles those stations

which had been discontinued.

Data from the United States Geological Survey stations and from
stations maintained by other agencies were used in water supply
studies for this report.

Full Natural Run-off. The full natural or unimpaired run-off of

a stream above any station is the run-off as it would have been if

unaltered by diversions, storage development or importation of water
from other watersheds. It is the run-off that would have occurred

under natural conditions. In these studies the determination of the

full natural run-off of each stream was made before attempting any
estimates of impaired run-off.

The full natural run-off was calculated for each month from the

mea.sured run-off by adding upstream diversions and quantities stored

in reservoirs and subtracting importations and reservoir releases. The
corrections for storage were made as far as possible from records of

actual reservoir operation. Where records were not available and
water Avas known to have been stored, the amounts stored or released

were estimated either from records of actual operation in other seasons

or from records of operation of other reservoirs on the same watershed,

taking into account the difference between the run-off in the season

having record and the season being estimated.

The foregoing method of computing the full natural run-off applies

only to streams and to periods for which records of measured run-off

were available. For streams and periods for which no run-off records

were available, one of two methods of estimating the full natural

run-off was used. The first involved utilization of the index of wetness

(seasonal or monthly), and the develo])ment of a relation of run-off

to index of wetness for tlie ])articular stream. The second consisted

in establishing a run-off relation between adjacent streams of parallel

record. During periods, for which there were no run-off records on

the stream under consideration, the full natural run-off of an adjacent

stream Avas used in estimating the discharge, providing the relation

during the period of parallel record showed that more accurate results

could be obtained by this method than by the use of the index of

wetness.

In using the second method, the full natural monthly run-off of

the stream in question Avas i)lotted against the corresponding full

natural monthly run-off of the adjacent stream haA^ng parallel record,

and curves Avere draAvn through the mean of the plotted points for

each month. By entering these curves Avith the full natural monthly
run-oft' of the adjacent stream, during periods of missing record on

the stream being considered, tlio required estimate of monthly run-off

was obtained.

When it Avas necessary to use the first, or index of Avetness method,

in estimating the full natural run-off, either the seasonal full natural

run-oft' computed from available records Avas plotted against the index

of seasonal Avetness or the monthly index of Avetness Avas plotted against

the montld}^ fidl natural run-oft' computed from the available records
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SEASONAL FULL NATURAL RUN-OFFS OF SAN JOAQUIN RIVER BASIN STREAMS
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SEASOI^4AL FULL NATURAL RUN-OFFS OF SAN JOAQUIN RIVER BASIN STREAMS



SAN JOAQUIN RIVER BASIN 89

and curves were drawn through the means of the plotted points. By
entering these curves with the proper value of the index of wetness
for seasons or months of missing record of run-off, the required esti-

mate of run-off was obtained. The indices of wetness used were those

for the precipitation division in which the drainage basin of the stream
in question was situated. When the period, during which it was
necessary to estimate the full natural run-off from the index of wetness,

was of sufficient duration to warrant the refinement, monthly indices

of wetness were computed; otherwise seasonal indices of wetness

M'ere used.

For minor streams or stream groups where no run-off records were
available, estimates of the full natural seasonal run-off were obtained

by entering "Probable Run-off' Curves" with the proper index of

seasonal wetness for the precipitation division in which the stream or

stream group is located. These curves, published in another bulletin,*

show the relation between index of seasonal wetness and run-off and
are based upon records of flow on streams adjacent to the minor
streams or stream groups having similar characteristics of flow.

The estimated full natural seasonal run-offs of all streams tributary

to the San Joaquin River Basin for the 40-year period, 1889-1929, are

shown in Table 5. These estimates show that only about five per cent

of the entire run-off from the mountainous area of the San Joaquin
River Basin originates in the minor streams or stream groups for

which it was necessary to derive run-off estimates entirely by indirect

methods. The combined seasonal run-off's of the major streams and
minor stream groups tributary to the upper San Joaquin River Basin,

lower San Joaquin River Basin and to the delta are shown on Plate

III, "Combined Seasonal Run-off of Major Streams and Minor Stream
Groups Tributary to San Joaquin River Basin."

Ultimate Net Rtm-off. The full natural monthly run-off of each
major stream at reservoir sites proposed at the edge of the foothills,

under the ultimate State water plan, has been adjusted to the run-off

anticipated under conditions of ultimate development of the watershed
above these points. The ultimate net run-off as used in this report is

the natural run-off as modified by diversions and storage development
for ultimate irrigation and municipal uses and by present power devel-

opments upstream from the main foothill and reservoir sites. Power
development and hydraulic mining, while altering the regimen of the
stream, do not consume any appreciable amount of water. Therefore,

only diversions out of the basin and irrigation use within the basin
would materially reduce the full-natural run-off, above the reservoir

sites, under conditions of ultimate development. The watersheds of

some of the major streams of the San Joaquin River Basin are so

mountainous and rugged, however, that no future upstream use for

irrigation is considered feasible.

In computing the ultimate net run-off, estimates were made of the

total net area to be irrigated by diversion above each of the reservoir

sites under conditions of complete develoiiment and the amount of

water required therefor. Where the natural stream flow was insufficient

to furnish adequate irrigation supplies for these areas, it was assumed

* Bulletin No. 5, "Plow in California Streams," Division of Engineering' and
Irrigation, State Department of Public Works, 1923.
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PLATE III
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Stream

Kern River
Tule River'

Kaweah River
Kings River
San Joaquin River
Fresno River

Chowchilla River.
Merced River
Tuolumne River...

Stanislaus River..

_

Calaveras River...
Mokelumne River.
Cosumnes River..

.

Totals

Stream

Stream

1889

91

15

1,10

4,25
4,43

15

19

2,59

4,03

3,10

38
2,01

94

24,26

Kern River
Tule River'

Kaweah River
Kings River
San Joaquin River
Fresno River
Chowchilla River.

-

Merced River
Tuolumne River..
Stanislaus River.

.

Calaveras River...

Mokelumne River.
Cosumnes River..

Totals

1904

Kern River
Tule River'

Kaweah River
Kings River
San Joaquin River
Fresno River
Chowchilla River..

Merced River
Tuolumne River..
Stanislaus River...
Calaveras River...
Mokelumne River

.

Cosumnes River...

Totals

1 Includes South Fork of Tule River,

8099i -Bet. pp. 90 and 91

1900-01

872,100

155,700

731,700

3,142,500

2,872,000
115,800

106,900
1,408,400

1,899,600

1,566,100

175,500

1,049,500

403,800

14,499,600

1901-02

568,800
145 8J0
355,100

1,553,000

1,691,900

17,400

58,400
699,900

1,352,800

855,400
95,300

647,500
151,200

8,192,500

1902-03

557,800
143,400

403,900

1,687,800

1,763,400

26,700
74,630

834,300
1,443,600

1,016,500

192,600

777,900

238,600

9,161,100

1915-16

2,462,800

336,400
762,200

3,041,800

2,759,600

109,100
53,4C0

1,324,400

1,863,400

1,551,900

304,000
1,004,000

461,800

16,034,800

1916-17

871,800
176,500
471,500

1,892,600

1,959,300

71,400

39,8C0
991,100

1,739,000

1,266,000

300,300
843,700
278.400

10.901,400

1917-18

514,300
51,300

229,700
1,363,700

1,545,900

40,300
33,600
707.500

1,157,200

719,300

184,100
520,400
134,300

7,201,600

1900-04

469,300
90,400

345,700
1,743,300

1,789,100

29,700

74,600
943,700

1,737,200

1,929,200

334,200
1,288,200

393,600

11,168,200

1918-19

532,400
76,300

289,200
1,203,300

1,353,100

35,300

48,500
582,100

1,132,600

668,900

69,500
568,900
155,600

6,715,700

Mean run-off for period, in acre-feet

1889-1929

714,000
130,000
443,000

1,889,000

1,993,000

55,200
70,900

989,000
1,634,000

1,239,000

189,000
820,000
290,000

10,456,100

1909-1929

679,000
109,000
355,000

1,580,000

1,702,000

48,200
56,200

825,000
1,393,000

997,000
156,000

696,000
235,000

8,831,400

1919-1929

493,000
84,100

311,000
1,321,000

1,398,000

39,800
56,900

705,000
1,240,000

839,000
96.400

597,000
182,000

7,363,200

1924-1929

454,000
74,500

291,C00

1,226,000

1,300,000

34,000
55,100

659,000

1,230,000
820,000
80,100

581,000
169,000

6,973,700
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ULTIMATE NET SEASONAL RUN-OFF OF MAJOR STREAMS AT RESERVOIR SITES OF STATE PLAN IN SAN JOAQUIN RIVER BASIN
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that, where available, sufficient upstream storage would be constructed

to effect this service. In determining the irrigation requirements, the

net use of water and its seasonal distribution were taken from a

previous bulletin.* Net uses of 60 and 65 per cent of the gross diver-

sions were assumed for foothill areas north and south of Stanislaus

River, with 40 and 35 as the percentages of return flow to the same
stream either above or below the reservoir site or to some other stream.

Allowances were made for diversions out of the watershed for irri-

gation purposes on the Cosumnes, Mokelumne, Stanislaus, and Merced
rivers. Monthly adjustments for the impounding in and release of

stored water from assumed upstream irrigation and present constructed
power reservoirs were made as though such reservoirs had been in

existence throughout the 40-year period, 1889-1929.
It was assumed that the city of San Francisco would ultimately

desire to divert 400,000,000 gallons per day from the Tuolumne River
watershed for municipal purposes. The water available for this diver-

sion is limited by the provisions of the Raker Act and was assumed
to be regulated by the city's ultimate storage development. It was
also assumed that the East Bay Municipal Utility District would ulti-

mately divert 200,000,000 gallons per day from the Mokelumne River
for municipal purposes. As this diversion is from the Pardee Reservoir,

the foothill reservoir used on the Mokelumne River under the ultimate
State Plan, it was not deducted from the total ultimate water supply
obtainable from that reservoir. The estimated ultimate net seasonal
run-off for each of the major San Joaquin River Basin streams is

shown in Table 6.

Net Run-off Under Existing Conditions of Development. The
monthly full natural run-off of each of the lower east side tributaries

of the San Joaquin River Basin, at the foothill gaging stations, was
corrected for the 12-year period, 1917-1929, to that which might be
expected under conditions of irrigation development as of the present
and municipal diversions estimated as of 1940, both above and below
the gaging stations and for storage in and release from present
constructed reservoirs at the foothill sites and in the mountains. The
foothill reservoirs were assumed to be operated for irrigation purposes
with the exception of Pardee Reservoir on the Mokelumne River, which
was assumed to be operated for municipal purposes with some incidental
power. The present constructed mountain reservoirs were assumed
to be operated mainly for power purposes. The diversions for munici-
pal purposes as of 1940 were estimated as 35,000,000 gallons per day
or 54 cubic feet per second from the Tuolumne River watershed by the
city of San Francisco and 75,000,000 gallons per day or 116 cubic feet

per second from the Mokelumne River by the East Bay Municipal
Utility District. The net run-off of each of the lower east side tribu-

taries under the existing and assumed conditions of development
determines the inflow into the San Joaquin River Delta. The estimated
values for the 12-year period 1917-1929, are set forth by seasons in

Table 7.

Variation of Run-off. Due to large fluctuations in precipitation
in California, there are very wide variations in seasonal, monthly and

* Bulletin No. 6, "Irrigation Requirements of California Lands," Division of
Engineering and Irrigation, State Department of Public Works, 1923.
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daily run-otf. It has been shown previously that there is a wide varia-
tion in seasonal precipitation over the ISan Joaquin River Basin. Since
run-off is dependent upon precipitation, it will have generally similar

variations. Run-oflf, however, is affected by the intensity and order of

occurrence of storms, and its seasonal variation from normal, therefore,

may not be exactly the same as the variation of the seasonal precipita-

tion from its normal. The variation in seasonal precipitation over the

San Joaquin River Basin is shown by the indices of wetness in Table 3,

and the variation in run-off from the watersheds of the ma.jor streams
of the San Joaquin River Basin is shown by the seasonal run-offs

for these streams given in Table 5. The mean seasonal full natural
run-offs, and minimum and maximum seasonal run-offs in acre-feet

and in per cent of mean seasonals for the 40-year period, 1889-1929,
are given in Table 8 for the major streams. These figures show that,

for the major streams of the San Joaquin River Basin, the maximum
seasonal run-off varies from 225 to 357 per cent and the minimum from
10 to 28 per cent of the mean seasonal for the 40-year period.

The monthly run-off varies more widely than the seasonal run-off.

Most of the run-off from the rain which falls on the lower areas finds

its way quickly into the stream channels while the snow in the higher
mountain regions usually does not melt and appear as run-off until

the late spring or early summer. The run-off' from melting snow
forms the greater part of the stream flows during these seasons. The
unequal monthly distribution of the seasonal run-off from the drainage
basins of each major stream of the San Joaquin River Basin, except
the Chowchilla River, is illustrated in Table 9. Due to the short

period of stream flow record on the Chowchilla River, October 1, 1921-
September 30, 1923, no attempt was made to estimate the average
monthly distribution for the 40-year period, for that stream. The
distribution of seasonal run-off during the period of stream flow record
in a normal, maximum, and minimum season for the San Joaquin,
Kings, and Kern rivers, respectively, is further illustrated graphically

on Plate IV, "Distribution of Run-off* of San Joaquin, Kings, and
Kern Rivers for Typical Seasons.

'

' The variation in the daily run-off

of any particular stream is greater than either the annual or monthly.
The mean daily flows of the larger streams vary from a few second
feet in the late summer to thousands of second feet during flood

periods. These floods are caused by excessive precipitation in the form
of rain during the winter months, by the rapid melting of the snow
pack in the mountains during the late spring or early summer months,
or by a combination of these causes. To illustrate this variation, the

maximum and minimum mean daily flows of each major stream of the

San Joaquin River Basin, except the Chowchilla River, are shown in

Table 10. The minimum daily stream flows of the San Joaquin, Merced,
Tuolumne, Stanislaus and Mokelumne rivers, during recent years,

have been affected considerably bj^ storage releases from upstream
reservoirs. The proportional variations in daily stream floAv of some
of the minor streams are greater than for the major .streams although
records are not available for the determination of maximum variations

on the minor streams. Occasionally these streams are torrents due to

concentrated rain storms on their watersheds and at other times they

are entirely dry.
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TABLE 9

AVERAGE MONTHLY DISTRIBUTION OF SEASONAL RUN-OFF OF MAJOR STREAMS
OF SAN JOAQUIN RIVER BASIN

Based on m2an full natural run-offs for 40-year period, 1889-1929

Month

October...
November.
December

-

January. --

Februa^y.-
March
April

May
June
July

August
September.

Totals

Kern River
near Bakersfield

In acre-

feet

18,200

18,900

21,700

35,500
39,200

t)4,200

102,000

153,000

145,000

77,500

32,600
17,200

725,000

In per

cent of

seasonal

total

2.5
2.6
3.0
4.9
5.4
8.8
14.1
21.1
20
10.7
4 5

2.4

100

Tule River
near Porterville

In acre-

feet

1,700

3,100

e,80C

15,000

15,000

23.800

26,200

24,400
13,100

3,600

1,300

1,000

135,000

In per

cent of

seasonal

total

1.3

2.3
5.0
11.1

11.1

17.6
19.4
18.1

9.7
2.7
1.0

0.7

100.0

Kaweah River
near Three Rivers

In acre-

feet

6,200

8,400

11,500

26,500

26,400

45,300

69,500
110,000

93,000
33,200

8,400

4,600

443,000

In per

cent of

seasonal

total

1.4

19
2.6
6.0
6,0
10.2
15.7
24.8
21.0
7.5
1.9

1.0

100.0

Kings River
at Piedra

In acre-

feet

27,800

29,400
35.400

78,700
76,500

133,000

240,000

490,000
483,000
208,000

61,500

25,700

1,889,000

In per

cent of

seasonal

total

1.

1.

1

4

4

7

12

25 9

25 6

11.0
3.2
1.4

100.0

Month

October...
November.
December.
January...
February _-

March
April

May
June
July
August
September.

Totals

San Joaquin River
near Friant

In acre-

feet

27,700
31,600
44,000
92,100

94,600
163,000
267,000

494.000
479,000
210,000

64,300
27,700

1.995,000

In per

cent of

seasonal

total

1.4

1.6
2.2
4.6
4.7
8.2
13.4
24.8
24.0
10 5

3,2
1.4

100.0

Fresno River
near Knowles

In acre-

feet

500
2,000

3,700

6,900

13,300

14,700

11,4C0

6,000

3,500

1,200

200

63,400

In per

cent of

seasonal

total

0.8
3.1
5.8
10.9
21.0
23.2
18.0
9 5

5 5

1.9

0.3

Merced River
at E.xchequer

100.0

In acre-

feet

13,300

18,000

26,600

68,300

81,900

130,000
171,000
280,000

226,000
75,300

17,000

7,600

1,115,000

In per

cent of

seasonal

total

1.2

1.6
2.4
6.1
7.4

11.6
15 3

25.1

20.3
6.8
1.5

0.7

100.0

Tuolumne River
near La Grange

In acre-

feet

22,200
37,000

60,700
118,000

149,000

221,000
310,000

498,000
446,000
167,000

30,600
10,500

2,070,000

In per

cent of

seasonal

total

1.1

1.8

2.9
5.7
7.2
10.7
15

24

21 5

8.1

1.5
5

100.0

Month

October _ ^

.

November.
December.
January. --

February.-
March
April

May
June -

July
August
September.

Totals

Stanislaus River
near Knights Ferry

In acre-

feet

12,100

21,200

35,600
84,100

109,000

176,000

246,000
335,000
232,000
73,900

16,700

8,400

1,350,000

In per

cent of

seasonal

total

0.9
1.6

8 1

13.1
18.2
24.8
17.2
5.5
1.2

0.6

100.0

Calaveras River
at Jenny Lind

In acre-

feet

1,400

4,400
18,500

50,800
53,300
65,700
21,600

7.600

3,000
500
100
100

227,000

In per

cent of

seasonal

total

22

23!

29.0
9 5

3.4
1.3

0.2

100.0

Mokelumne River
near Clements

In acre-

feet

6,700

17,500

28,000
48,800
66,400

104,000

148,000

216,000
163,000

46,900

5.100

2,600

853,000

In per
cent of

seasonal

total

0.8
2.0

3

7

8

2

.4

3

,1

5

0.6
0.3

3

5

7

12

17

25
19

5

100.0

Cosumnes River
at Michigan Bar

In acre-

feet

2,000

5,800
26,100

57.600
74.200

90,500
75,400
51,200
20,200

3,000

500
500

407,000

In per
cent of

seasonal

total

0.5
1.4
6 4

14.2
18.2
22.2
18.5
12.6
5

0.8
0.1
0.1

100.0
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PLATE IV

SAN JOAQUIN RIVER

SEASON NEAREST TO NORMAL MINIMUM SEASON MAXIMUM SEASON
1000

500
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TABLE 10

MAXIMUM AND MINIMUM MEAN DAILY STREAM FLOWS IN MAJOR STREAMS OF
SAN JOAQUIN RIVER BASIN
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1930 during tlie low water season, tlu' Water Resources Branch of the

United States Geological Survey chemically analyzed water samples

taken from many of the principal streams of the State. Among these

were analyses of water fi-om the San Joaciuin River when nearly the

entire flow was return water from irrigation. The locations and the

dates of taking these water samples and the results of the analyses are

set forth in Appendix E, "The Chemical Character of Some Surface

Waters of California, 1930-1932." These analyses, as well as analyses

presented in another report,* show that the return water, under present

eonditions, is entirely satisfactory, chemically, for municipal, irrigation

and industrial uses and can be classified as "good."
The amounts and distribution of return waters throughout the

season also are important elements in determining the feasibility of

utilizing return waters. In order to determine these values as accu-

rately as possible, measurements of diversions and return waters have

been made each season since 1924 by the Sacramento-San Joaquin

Water Supervisor. Results of these measurements are given in a bulle-

tin of the Division of Water Resources.** From 1924 to 1927, inclu-

sive, three series of measurements were taken, each season, along each

major stream of the lower San Joaquin Valley, beginning near tlie

footliills and ending at the mouth. Estimates were made en route,

of all diversions between each point of measurement. In 1928, per-

manent gaging stations were established at the upper and lower point

on each stream. For each season since 1927, during the June to

October periods, continuous flow records and estimates of diversion

have been obtained. The points of stream flow measurement are

located at the Yosemite Valley Railroad crossing near Snelling and the

bridge of Hills Ferry Road on Merced River; Roberts Ferry Bridge

and Tuolumne City on Tuolumne River; Orange Blossom Bridge and

Elliott Ranch on Stanislaus River; and at San Luis Ranch, below

the mouth of the Merced River near Newman, near Grayson and near

Vernalis on San Joaquin River. These stream flow measurements

were analyzed in conjunction with records and estimates of diversions

to determine the amounts of water which returned to the respective

river channels during the period of measurement. As measurements

were taken from June to October only, the natural run-ofl:' from valley

floor lands was eliminated from consideration.

The measurements covered seasons of both large and small total

stream flow and the character of the season probably affected the

percentage of return water. Greater amounts of water are diverted

in seasons of large stream flow than in seasons of smaller yield, and

since only a definite amount is consumed by plant growth, the return

flows in seasons of large water yield represent a somewhat larger

percentage of the total diversions.

Analyses of measurements of surface diversion into, and measure-

ments of outflow from a large fully developed district in the lower San
Joaquin Valley, for the 1929 irrigation season, showed a total seasonal

return flow of 36 per cent of the gross diversion. From gross diversion

* Bulletin No. 27, "Variation and Control of Salinity in Sacramento-San Joaquin
Delta and Upper San Francisco Bay," Division of W^ater Resources, State Department
of Public Works, 1931.• Bulletin No. 23, "Report of Sacramento-San Joaquin "Water Supervisor,
Division of Water Resources, State Department of Public Works, 1930.
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and net use analyses presented in Chapter VII, it is estimated that,

under conditions of ultimate development, the average proportion of

return flow would be about 40 per cent of all of the water diverted

from both local and imported supplies for irrigation in the lower San
Joaquin Valley, and would be available, in the stream channels, for

reuse on adjacent lands or exportation to other areas. During the

principal months of the irrigation season practically all of such return

flows would be utilized for these purposes.

There is no definite information on the amounts of irrigation water
which return slowly to the stream channels during the winter months.
An accurate determination of these amounts would be difficult as they

are combined with run-offs from rainfall on the valley floor. Estimates,

however, have been made of the amounts of return water for the

winter season. Studies indicate that during the period, 1924-1929, the

return water in the months from July to September, inclusive, in

different seasons, varied from 19 to 38 per cent of the diversion for

these months. It is estimated that the return flow from general crop
irrigation during the principal irrigation months, April to October,

inclusive, is about 65 per cent of the total seasonal, and it has
been assumed that the remaining 35 per cent returns at about a
uniform rate over the other five months. Table 11 sets forth the

estimated monthly distribution of return waters in the lower San
Joaquin Valley.

TABLE 11

MONTHLY DISTRIBUTION OF RETURN WATERS IN LOWER SAN JOAQUIN VALLEY

Month
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CHAPTER III

AGRICULTURAL LANDS

The San Joaquin River Basin, embracing an area of about 32,000

square miles or 20.6 per cent of the State's total, contains within its

exterior boundaries, valley, foothill and mountain lands. The uses of

water in this area and on these lands include domestic, municipal,

irrigation, salinity control, industrial, navigation, power and recreation.

Of all the foregoing uses, that for the irrigation of the farm lands in

the basin does and probably will continue to predominate. It is

believed that the water requirements estimated on the basis of irrigation

would be adequate for the future complete development of the basin.

Therefore, it was important and necessary in these investigations to

determine as nearly as practicable the extent of the agricultural lands

in the basin which have been brought under irrigation and of those

lands not now irrigated but susceptible of irrigation at some future

time. This involved a survey of the basin for the purpose of classifying

the lands.

Geology and Soils.

The character of the soils in the San Joaquin Valley is related to

its geological history. The following general description of the geology

of the valley is quoted from Water Supply Paper 398 of the U. S.

Geological Survey

:

"The valley as a whole is a great structural trough and appears to have
been such a basin since well back in Tertiary time. Since it assumed its

general troughlike form, gradual subsidence, perhaps interrupted by periods
of uplift, has continued and has been accompanied by deposition alternating
at least along what is now its western border with intervals of erosion. This
interrupted but on the whole continuous deposition seems to have been marine
during the early and middle Tertiary ; but during the later Tertiary and
Pleistocene, when presumably the valley had been at least roughly outlined

by the growth of the Coast Ranges, fresh water and terrestrial conditions
became more and more predominant, until the relations of land and sea, of

rivers and lakes, of coast line and interior, of mountain and valley, as they
exi.st now, were gradually evolved. As these conditions developed, the ancestors
of the present rivers probably brought to the salt and fresh water bodies that

occupied the present site of the valley and its borders, or, in the latest phases
of the development, to the land surface itself, the clays, sands, gravels, and
alluvium that subsequently consolidated into the shales, sandstones, and con-

glomerates of the late Tertiary and Pleistocene series, just as the present
rivers are supplying the alluvium that is even now accumulating over the
valley floor.

"The very latest of the.se accumulations are the sand and silt and gravel

beds penetrated bv the driller in his explorations for water throughout the

valley. They are like the earlv folded sandstones, shales and conglomerates
exposed along the nanks of tlie valley, except that they are generally finer,

and are not yet consolidated or disturbed. The greater part, perhaps all of

them, accumulated as stream wash on the valley surface or in interior lakes
like the present Tulare I^ake, but a proportion of the older sediment that is

greater as we delve farther back into the geologic past accumulated in the

sea or in salt bays having tree connection with the sea. It is these very latest

geologic deposits, saturated below the ground water level by the fresh water
supplied chiefly by the Sierran streams, that constitute the reservoirs drawn
upon by the wells, whether flowing or pumped, throughout the valley."

All of the five general groups of soils, residual, old valley-filling,

recent alluvial, lake-laid and wind-laid, are found Avithin the San

Joaquin River Basin. The residual soils occur in the foothill and

mountain areas. The portions of these areas in which disintegration
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has proceeded without erosion form much of the ajrricultural lands
within the foothills and along the edges of some portions of the valley.

The old valley-filling soils occur as terraces along streams, remnants
of alluvial fans or higher valley areas. The hardpan soils are mainly
of this type. The recent alluvial soils represent the recent stream
deposits in the valley and along stream channels. The lake-laid soils,

mainly of fine texture, have been deposited in lakes of fluctuating

volume in flat poorly drained basins in the valley trough and merge
gradually with the recent alluvial soils. Wind-laid soils have been
deposited as the result of wind action on adjacent light-textured

alluvial soils and, in places, closely resemble sand dunes. The old

valley-filling and recent alluvial soils represent much the larger part

of the agricultural lands.

Land Classification.

Considerable data on land classification in the San Joaquin Vallej''

were available from other sources prior to the undertaking of the

investigations on which this report is based. The reports and maps
of the U. S. Bureau of Soils were available for the entire valley area.

These reports show soil texture and alkali. The maps of the U. S.

Geological Survey were available for all but the south end of the valley,

on a scale of two inches to the mile with five-foot contour intervals

which indicated the roughness of the land. Many local areas had been
classified in prior investigations for procedure before the State Engi-
neer relative to irrigation, water storage and water conservation dis-

tricts. Classifications in such areas were reviewed and utilized as

far as practicable.

Standards of classification w^ere established prior to starting a

field examination and were maintained throughout the survey.

Boundaries between the classes were located on field maps on a scale

of two inches per mile. The quadrangle sheets of the U. S. Geological

Survey were used where available. Full use also was made of the

Reconnaissance Soil Survey maps of the U. S. Bureau of Soils. Field
notes were placed directly on the maps. Areas of each classification

on each map were measured in the office by means of the planimeter,
their totals checked against the total area and then segregated by
hydrographic divisions and counties. Land classification is necessarily,

to a large extent, a matter of judgment. It was not considered possible

to exactly locate the boundaries of areas in each classification and
because of limited time and funds refinements were not attempted.
However, the areas determined for each classification, as a whole, are
believed to be substantially correct.

The total area included within flip San Joaquin River Basin con-
sists of valley, foothill and mountain areas. While exact lines of
demarcation are difficult to locate, especially between foothill and
mountain lands, the total area was divided into three segregations
in this investigation, as set forth in Table 12. All of the valley areas
were carefully classified in order to determine the portions which would
justify development under irrigation. The poi-tions of the foothill

areas containing agricultural lands also were classified. The field work
on land classification in connection with this report was not extended

into the remaining foothills and mountains above the irrigable areas.
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TABLE 12

SEGREGATION OF LANDS IN SAN JOAQUIN RIVER BASIN
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TABLE 12

SEGREGATION OF LANDS IN SAN JOAQUIN RIVER BASIN



.-f

tv'li

/

;pT.:/'

^^^^

Tr/^^/^^ "^.""/Wn^-^'^J

iVondiv^ifri-

/'.torIfI'

'%

J :

S'^''Wir\^,

:adera((

;;>*'

(
• /

)

J J-'l G
_/

W:€
J

7
•~'.^/\

/'

J /
' A jN T a

LEGEND

I I Craw 1 land

r " 1 Class 2 land

f '
1 Class 3 land

H9HH Class4 land

I 1 Foothill agricultural

land

_.y
/ CLASSIFICATION

/ S >\ J'l LUIS

/
y

3 1 S P AGRICULTURAL LANDS
IN THE

SAN JOAQUIN VALLEY



'•'^rmmtmmi^^

' -N

A?.

/

/(

;

X \

•V

savnTH/M*

:^

reeo8



SAN JOAQUIN RIVER BASIN 103

various classifications. It should be noted particularly that the bound-
aries of such areas are not exact as to location and that the basic data
for these areas were not obtained with a sufficient decree of accuracy
to make this plate usable for the determination of soil characteristics

or appraisals of individual tracts or other relatively small areas.

Class 5 land is not considered agricultural and is not shown on the plate.

The boundary of the valley floor, south of the San Joaquin River,
encompasses a large area of agricultural land out of proportion to the
water crop from the adjacent tributaries available for use in its

development. With an irrigation development already of such extent
that in dry periods the yield of these tributary streams is entirely

utilized, the shortage in supply in portions of the area is reflected in

continuously receding ground water tables. The northern limit of the

areas now under irrigation development where such conditions of dis-

parity between supply and demand obtain is at the Chowchilla River.

Northward from this line the available run-off from tributary streams
is adequate to support all existing development. Nearly the entire

now utilized run-off of the San Joaquin RiA-er proper serves an area
northward from Mendota. Because of these differences in tributary
water supply the San Joaquin Valley has been divided into two parts
in this investigation. The portion .southward from Mendota and the
Chowchilla River has been designated as the upper San Joaquin Valley
and that downstream or northerly from the above line of separation,

as the lower San Joaquin Valley. The upper San Joaquin Valley
extends southward to the southern limit of the Great Central Valley,

and the lower San Joaquin Valley northward to Antioch on the west
side of the valley and to the Cosumnes River on the east. Table 13

sets forth the areas of each of the five classes of land on the San Joaquin
Valley floor. In this table, the area of each class of land in upper San
Joaquin Valley; lower San Joaquin Vallej^ excluding San Joaquin
Delta ; and San Joaquin Delta is shown separately.

TABLE 13

CLASSIFICATION OF LANDS ON SAN JOAQUIN VALLEY FLOOR
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TABLE 14

COMPARISON OF LAND CLASSIFICATIONS IN TULARE COUNTY
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general, the depth of soil increases toward the higher elevations where
rainfall and frost action are greater. The field work was extended
to an elevation of about 4000 feet. The arable lands above this

elevation are limited principally to meadow areas along streams which
are now largely developed. The stream flow is measured below such
higher areas and their use of water is already reflected in the stream
flow records. The total area of such lands is not of sufficient magnitude
to require separate consideration.

The results of the classification of foothill lands are shown in

Table 15. The numbers used to designate the different classes of

foothill land do not represent the same basis of classification as for

valley lands and the results shown in Table 15 for the foothill lands

should not be compared with the results for the same numbered classes

of valley lands in Table 13. The Class 5 foothill lands are those areas

which do not contain irrigable lands and were not separately measured.

Class 5 represents all lands not included in Classes 1 to 4 and is a

part of the total area of 17,500 square miles of unclassified foothills

and mountains.

TABLE 15

CLASSIFICATION OF AGRICULTURAL LANDS IN FOOTHILLS ADJACENT TO
SAN JOAQUIN VALLEY FLOOR
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TABLE 16

CLASSIFICATION OF AGRICULTURAL LANDS IN SAN JOAQUIN VALLEY AND ADJACENT
FOOTHILLS, BY COUNTIES

' Lands in Cosumnes River Basin only.

» Excluding lands in Sacramento Delta and north of Cosumnes River.
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Hydrographic Divisions.

For convenience in carrying on the studies of the utilization of

local water supplies tributary to the basin, smaller subdivisions of the

areas heretofore described have been made. In general, the boundaries

of these subdivisions have been so located as to include lands with a

common source of surface supply and for that reason they have been
called hydrographic divisions. In areas where no such natural bound-
aries are indicated, arbitrary lines of division, based upon topography
or possible sources of future water supply, have been used. These

hydrographic divisions have been numbered from south to north as

shown on Plate VI, "Hydrographic Divisions and Zones of Water
Service in San Joaquin River Basin."

In the upper San Joaquin River Basin south of the San Joaquin
River, the valley floor areas extend practically to the limits of agri-

cultural land. In the loAver San Joaquin River Basin, the mountain
topography does not descend so abruptly to the valley floor and there

are considerable areas of agricultural land which may not soon develop

but for which a liberal alloAvance of local water supply must be made.
Many of these lands lie above the stream bed elevations of developed

or proposed storage sites. These lands together with rim lands situated

below the elevations of the major reservoir sites are designated as

foothill lands and have been included in hydrographic divisions having
the same number, but with a capital letter appended, as that of the

valley division having the same source of local water supply.

Division 1 contains all of the southern end of the San Joaquin
Valley floor located in Kern County with the exception of the northerly

three miles. The sources of local water supply tributary to this division

are the Kern River, that part of the Tejon Creek Group from Fran-
ciscan Creek to Tejon Creek, Caliente Creek and the Poso Creek Group
excluding White River.

Division 2 consists of that part of the San Joaquin Valley floor

located in the northerly three miles of Kern County and in those

portions of Tulare and Kings counties south of the Kaweah and Kings
River areas of service. The sources of local water supply tributary

to this division are the Tule River, Deer Creek and White River of

the Poso Creek Group on the eastern side of the valley, and AA'enal

Creek of the Tejon Creek Group on the western.

Division 3 consists of that part of the San Joaquin Valley floor

located in those portions of northern Tulare and eastern Kings County
within the Kaweah River area of service. The sources of local water
supply tributary to this division are the Kaweah River and the Yokohl
and Limekiln Creek groups.

Division 4 consists of that part of the San Joaquin Valley floor

located in those portions of Fresno, Kings and Tulare counties within

the Kings River area of service. The sources of local water suppW
tributary to this division are Kings River and Dry Creek.

Divisions 5 and 5B consist of those parts of the San Joaquin Valley
floor located west of the Kings River area of service, these divisions

being the areas beloAv and above the .S.lO-foot contour, respectively.

The sources of local water supply tributary to these divisions are those

streams of the Tejon Creek Group lying north of Avenal Creek, Los

if
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Gatos Creek, the Cautiia Creek Group, Panoche Creek and Little

Panoche Creek in the Orestimba Creek Group.
Division 6 consists of that part of the San Joaquin Valley floor

located north and east of the San Joaquin River aiul south of the

Chowchilla River. Division 6A is tlie adjacent eastern foothill area.

The sources of local water supply tributary to these divisions are the

San Joaquin, Fresno and Chowchilla rivers, Cottonwood Creek and
the Daulton Creek Group.

Division 7 consists of that part of the San Joaquin Valley floor

located west of the San Joaquin River, from the vicinity of Mendota
on the south nearly to Tracy on the north. The sources of local water
supply tributary to this division are the San Joaquin River earryino;

water contributed by lower east side streams and the Orestimba Creek
Group from Laguna Seca Creek on the south to Buenos Aires Creek
on the north.

Division 8 consists of that part of the San Joaquin Valley floor

located east of the San Joaquin River, north of the Chowchilla River
and south of the Merced River. Division 8A is the adjacent eastern

foothill area and includes all of the irriofable foothill lands between the

Chowchilla River and the northern boundary of the Merced River
watershed. The sources of local water supply tributary to these

divisions are the San Joaquin and Merced rivers, Dutchman Creek
Group, Mariposa Creek, the Owen Creek Group, Bear Creek and the
Burns Creek Group.

Division 9 is that part of the San Joaquin Valley floor bounded
on the west by the San Joaquin River, on the south by the Pierced
River and on the north by the Stanislaus River, the southern boundary
of the Oakdale Irrigation District and by Dry Creek. Division 9A
is the adjacent eastern foothill area within the Tuolumne River water-
shed, exclusive of lands now receiving' a Avater supply from the Stanis-

laus River. The sources of local water supply tributary to these

divisions are the Tuolumne River and Dry Creek in the Wildcat Creek
Group.

Division 10 consists of that part of the San Joaquin Valley floor

located south and west of the San Joaquin River Delta and north of
Division 7. Tlie sources of local water supply tributary to this division

are minor streams in the Orestimba Creek Group north of Buenos
Aires Creek. The main water supply for this division is obtained from
the delta channels of the Sacramento and San Joaquin rivers.

Division 11 is that part of the Sau Joaquin Valley floor bounded
on the south l)y the Stanislaus River, the southern boundary of the
Oakdale Irrigation District and Dry Creek in the Wildcat Creek
Group, on the Avest by the San Joaquin River and the western boundary
of the South San Joaquin Irrigation District, and on the north by
Mormon Slough and southern boundary of the Calav<M-as River Avater-

shed. Division 11A is the adjacent eastern foothill area located
between the southern boundary of the Calaveras RiA^er watershed on
the north and Division 9A on the south. The sources of local Avater

supply tributary to these divisions arc tlie Stanislaus RiA'er, Wildcat
Creek in the Wildcat Creek Group. Littlejohns Creek and Rock, Big
Spring and Peaehys creeks in the IMartells Creek Group.
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Gatos Creek, the Cautua Creek Group, Panoche Creek and Little

Panoche Creek in the Orestimba Creek Group.
Division 6 consists of that part of the San Joaquin Valley floor

located north and east of the San Joaquin River aiid south of the

Chowchilla River. Division 6A is the adjacent eastern foothill area.

The sources of local water supply tributary to these divisions are the

San Joaquin, Fresno and Chowchilla rivers, Cottonwood Creek and
the Daulton Creek Group.

Division 7 consists of that part of the San Joaquin Valley floor

located west of the San Joaquin River, from the vicinity of Mendota
on the south nearly to Tracy on the north. The sources of local water
supply tributary to this division are the San Joaquin River carrying

water contributed by lower east side streams and the Orestimba Creek
Group from Laguna Seca Creek on the south to Buenos Aires Creek
on the north.

Division 8 consists of that part of the San Joaquin Valley floor

located east of the San Joaquin River, north of the Chowchilla River
and south of the J\Iereed River. Division 8A is the adjacent eastern

foothill area and includes all of the irrigable foothill lands between the

Chowchilla River and the northern boundary of the Merced River
watershed. The sources of local water supply tributary to these

divisions are the San Joaquin and JMerced rivers, Dutchman Creek
Group, Mariposa Creek, the Owen Creek Group, Bear Creek and the
Burns Creek Group.

Division 9 is that part of the San eloaquin Valley floor bounded
on the west by the San Joaquin River, on the south by the ]\Ierced

River and on the north by the Stanislaus River, the southern boundary
of the Oakdale Irrigation District and by Dry Creek. DiA'ision 9A
is the adjacent eastern foothill area Avithin the Tuolumne River water-
shed, exclusive of lands now receiving a Avater suppW from the Stanis-

laus River. The sources of local water supply tributary to these

divisions are the Tuolumne River and Dry Creek in the Wildcat Creek
Group.

Division 10 consists of that part of the San Joaquin Valley floor

located south and west of the San Joaquin River Delta and north of
Division 7. The sources of local water supply tributary to this division

are minor streams in the Orestiml)a Creek Group north of Buenos
Aires Creek. The main water supply for this division is obtained from
the delta channels of the Sacramento and San Joaquin rivers.

Division 11 is that part of the San Joa(|uin Valley floor bounded
on the south by the Stanislaus River, the southern boundary of the
Oakdale Irrigation District and Dry Creek in the Wildcat Creek
Group, on the west by the San Joaquin River and the western boundary
of the South San Joaquin Irrigation District, and on the north by
Mormon Slongli and southern boundary of tlie Calaveras River water-
shed. Division 11 A is the adjacent eastern foothill area located
between the southern boundary of the Calaveras River watershed on
the north and Division 9A on the south. Tlie sources of local water
supply tributary to tliese divisions arc tlie Stanislaus River. "Wildcat
Creek in the Wildcat Creek Group. Littlejohns Creek and Rock, Big
Spring and Peaehys creeks in the Martells Creek Group.
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Division 12 is that part of the San Joaciuin Valley floor bounded
on the west by the San Joaquin River Delta north of Stockton and by
the main San Joaquin River south of Stockton, on the south by westerly

boundary of the South San Joaquin Il'rigation District, Mormon
Slough and the southern boundary of the Calaveras River watershed,

and on the north by Dry Creek of the Sutter Creek Group. Division

12A is the adjacent eastern foothill area located in the watersheds of

the Mokelumne and Calaveras rivers and Dry Creek. The sources of

local water supply tributary to these divisions are the Calaveras and
Mokelumne rivers. Bear and Martells creeks of the Martells Creek
Group and Dry and Sutter creeks of the Sutter Creek group.

Division 13 consists of that part of the San Joaquin Valley floor

located east of the San Joaquin River Delta, north of Dry Creek and
south of the Cosumnes River. Division 13A is the adjacent eastern

foothill area within the watershed of the Cosumnes River. The sources

of local water supply tributary to these divisions are the Cosumnes
River and Willow Creek of the Sutter Creek Group.

Hydrographic divisions 1, 2 and 7 are further divided into zones

of water service which are delineated on Plate VI. Hydrographic
divisions 1 to 6, inclusive, comprise the upper San Joaquin Valley;

and 7 to 13, inclusive, the lower, exclusive of the San Joaquin Delta.

The segregation of the classification of valley floor lands, by hydro-
graphic divisions, are set forth in Table 18. The classification of

agricultural lands in eastern foothills adjacent to San Joaquin Valley
floor is given by hydrographic divisions in Table 19.

TABLE 18

CLASSIFICATION OF LANDS ON SAN JOAQUIN VALLEY FLOOR
BY HYDROGRAPHIC DIVISIONS

For boundaries of hydrographic divisions see Plate VI
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TABLE 19

CLASSIFICATION OF AGRICULTURAL LANDS IN FOOTHILLS ADJACENT TO SAN
JOAQUIN VALLEY FLOOR. BY HYDROGRAPHIC DIVISIONS

For boundaries of hydrographic divisions see Plate
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Practically every crop grown in California can be found in some
part of the San Joaquin Valley and its adjacent foothills. Citrus fruits

are grown chiefly in Tuhire County in the region adjacent to the eastern
foothills between Orange Cove on the north and Terra Bella on the
south, in Fresno County in coves adjacent to the foothills between
Orange Cove on the south and Fancher Creek on the north and in

Kern County in the vicinity of Edison about seven miles east of

Bakersfield.

Deciduous orchards, including those of fig and nut trees, are quite

generally distributed throughout the eastern side of the valley from the

Cosumnes River on the north to Deer Creek on the south, and on the
west side from Orestimba Creek north to Antioch. There are smaller

scattered areas on the east side of the valley south of Deer Creek in

Tulare Countj'- and in Kern County.
Grapes of nearly all varieties are grown on scattering areas through-

out most of the valley but the largest single area planted to vines is in

Fresno and Tulare counties on the Kings River Delta where there is a

vineyard area equal to more than half that of the entire valley. Large
vineyard areas also are found in San Joaquin, Stanislaus, Merced,
Madera, Kings and Kern counties.

In the early days of agriculture in the San Joaquin Valley, grain
was the principal crop. As the valley developed and more land was
brought under irrigation, portions of the area devoted to grain farming
became more valuable for other crops and the areas of grain plantings
were considerably reduced. The area still planted to grain, however,
is nearly one-third of the entire cropped area of the San Joaquin Valley
and approximates twice that of any other single crop. The largest

areas are in San Joaquin, Madera, Fresno, Stanislaus, Merced, Kings
and Kern counties, but grain is grown extensively in every San Joaquin
Valley county. About one-third of all the area planted to grain receives

some irrigation.

Alfalfa is found in general throughout the same areas as deciduous
orchards and vineyards, the largest areas being located in Stanislaus
and Merced counties in the ]\Iodesto, Turlock and Merced Irrigation

districts. San Joaquin, Fresno, Tulare, Kern, Kings, Madera and
Contra Costa counties follow in the order named in the relative size

of areas planted to alfalfa.

Field crops which include sorghum, feterita, sudan grass, field

corn, maize, etc., are grown in every San Joaquin Valley county. The
largest area is found in Kern County, with San Joaquin County second
and Fresno County third.

Cotton is grown extensively in all San Joaquin Valley counties
south of Merced River. Tulare, Kern and Fresno counties have the
largest areas planted to this crop.

The largest single area devoted to the growing of truck crops is

located in San Joaquin and Contra Costa counties in and adjacent to

the San Joaquin Delta. Areas planted to truck crops also are found
in Stanislaus and Merced counties.

A few tracts have been planted to rice during recent years in the
lower San Joaquin Valley, principally on the west side of the San
Joaquin River between Mendota and Newman, but rice has not become
an important crop in the San Joaquin Valley.
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Table 20 sots fortli the arcns of ci-ops un'der eaeli of tlie classifica-

tions sliown in the fore<;()in<^' list, for that portion of each county in the

San Joaquin Valley and adjacent foothills covered by the land classi-

fication and crop survej^ with the exception of areas in El Dorado and
Sacramento counties, which are included in another report.*

The yields and values of agricultural and live stock products from
the San Joaquin River Basin and an inventory value of farms, equip-

ment and live stock in the basin are shown in Table 21, by counties.

These data were taken mainly from the Fifteenth Census of the United
States and no means are available for determining what portion of the

products and their values from counties lying only partially within
the basin should be credited to other sections. For this reason, no
data are included for Sacramento, El Dorado and Alameda counties,

the larger part of whose agricultural lands lie outside of the San
Joaquin River Basin. To offset the losses on products and values from
the portions of these counties lying in the basin, the products and
values from portions of Contra Costa and Kern counties which lie

outside of the basin are included with those for lands in these counties

lying within the basin. It is believed, therefore, that the totals shown
for the thirteen counties in Table 21 closely approximate those which
would be obtained for the San Joaquin River Basin area only.

For comparison of the agricultural industry in the San Joaquin
River Basin with that of the entire State, totals are given in the last

column of Table 21 for the yields and values of agricultural and live

stock products and the inventory values from farms, equipment and
live stock, for the State.

Future Agricultural Development of San Joaquin River Basin.

A study was made to estimate the ultimate water requirements in

the San Joaquin River Basin, as explained in Chapter V. In order to

estimate these ultimate w^ater requirements, it was necessary to make
an estimate of the amounts of land that would be irrigated under the

conditions of ultimate development. It was necessary, also, to take
into account the marked diff'erence between the upper and lower San
Joaquin valleys in the adequacy of local streams to meet the ultimate
irrigation demand. The lower San Joaquin Valley is an area in

which the local supplies, afforded by the San Joaquin River and its

east side tributaries, may be considered plentiful in amount and
dependable in occurrence if properly conserved and regulated. It was
assumed, therefore, that all of the arable land in this area will be

brought ultimately into use and tliat all lands which are of sufficiently

good quality and for which it is phj'sieally possible to furnish a water
supply will be irrigated. This procedure, also, was followed in esti-

mating the irrigation requirements for lands in the Sacramento River

Basin. The upper San Joaquin Valley, on the other hand, is an area

in which the tributary run-off is inadequate to meet present require-

ments and in which ultimate development will be possible only with

the importation of waters from distant sources, at relatively high costs.

Service under such conditions is only justified for the better lands.

In estimating net irrigable areas in each classification the following

percentages of gross agricultural areas were used for valley floor lands

:

• Bulletin No. 26, "Sacramento River Basin," Division of Water Resourcess,
State Department of Public Works, 1931.
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Table 20 sets fortli the arcns of ci-ops under each of the classifica-

tions shown in the fore*roin<r list, for that portion of each county in the

San Joaquin Valley and adjacent foothills covered by the land classi-

fication and crop survey, with the exception of areas in El Dorado and
Sacramento counties, which are included in another report.*

The yields and values of agricultural and live stock products from
the San Joaquin Kiver Basin and an inventory value of farms, equip-

ment and live stock in the basin are shown in Table 21, by counties.

These data were taken mainly from the Fifteenth Census of the United
States and no means are available for determining what portion of the

products and their values from counties lying only partially within
the basin should be credited to other sections. For this reason, no
data are included for Sacramento. El Dorado and Alameda counties,

the larger part of whose agricultural lands lie outside of the San
Joaquin River Basin. To offset the losses on products and values from
the portions of these counties lying in the basin, the products and
values from portions of Contra Costa and Kern counties which lie

outside of the basin are included with those for lands in these counties

lying within the basin. It is believed, therefore, that the totals shown
for the thirteen counties in Table 21 closely approximate those which
would be obtained for the San Joaquin River Basin area only.

For comparison of the agricultural industry in the San Joaquin
River Basin with that of the entire State, totals are given in the last

column of Table 21 for the yields and values of agricultural and live

stock products and the inventory values from farms, equipment and
live stock, for the State.

Future Agricultural Development of San Joaquin River Basin.

A Study was made to estimate the ultimate Avater requirements in

the San Joaquin River Basin, as explained in Chapter V. In order to

estimate these ultimate water requirements, it was necessary to make
an estimate of the amounts of land that would be irrigated under the

conditions of ultimate development. It was necessary, also, to take

into account the marked difference between the upper and lower San
Joaquin valleys in the adequacy of local streams to meet the ultimaii

irrigation demand. The lower San Joaquin Valley is an area in

which the local supplies, afforded by the San Joaquin River and its

east side tributaries, may be considered plentiful in amount and
dependable in occurrence if properly conserved and regulated. It was
assumed, therefore, that all of the arable land in this area will be

brought ultimately into use and that all lands which are of sufficiently

good quality and for which it is i)hysicall3' possible to furnish a water
supply will be irrigated. This procedure, also, was followed in esti-

mating the irrigation requirements for lands in the Sacramento River

Basin. The upper San Joacpiin Valley, on the other hand, is an area

in which the tributary run-off' is inadequate to meet present require-

ments and in which ultimate development will be possible only with

the importation of waters from distant sources, at relatively high costs.

Service under such conditions is only justified for the better lands.

In estimating net irrigable areas in each classification the following

percentages of gross agricultural areas were used for valley floor lands

:

* Bulletin No. 26, "Sacramento River Basin," Division of Water Resources,
State Department of Public Works, 1931.
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CLASSIFICATION OF CROPS IN THE SAN JOAQUIN VALLEY AND ADJACENT FOOTHILLS BY COUNTIES, 1929
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AGRICULTURAL STATISTICS OF SAN JOAQUIN RIVER BASIN BY COUNTIES

Item
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Class 1 80 per cent

Class 2 80 per cent

Class 3 60 per cent

Class 4 20 per cent

The percentages used for foothill areas have been set forth in Table 19.

A higher percentage was used for lands in the delta.

The ultimate net irrigable areas for all classes of land are pre-

sented in Table 22 by the same sections as were used in showing the

gross agricultural areas in the San Joaquin River Basin, in Table 17.

A more detailed tabulation of ultimate net irrigable areas for various

classes of land by hydrographic divisions and also an estimate of the

net irrigable areas to be served under ultimate development are given
in Chapter V.

TABLE 22

ULTIMATE NET IRRIGABLE AREAS IN SAN JOAQUIN VALLEY AND ADJACENT
FOOTHILLS, INCLUDING SAN JOAQUIN DELTA
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CHAPTER IV

IRRIGATION DEVELOPMENT AND WATER SUPPLY
UTILIZATION

Favorable soil and climatic conditions, v^^ith the one exception of

adequacy of rainfall, have made the San Joaquin Valley a pioneer sec-

tion in irrigation in California. The development has been rapid and
extensive. More than one-third of the total irrigated land of the State

lies in the San Joaquin Valley. The irrigated area in the San Joaquin
River Basin was over two and one-quarter million acres in 1929. This

is about two-fifths of the entire net acreage susceptible of irrigation in

that basin.

History of Irrigation Development.

Irrigation development in the San Joaquin Valley began in the

decade following 1850 when diversions were made to lands lying

adjacent to the streams, although areas of naturally overfloAved land

had been used for pasturage prior to that time. The lands adjacent to

streams had, in many instances, passed into private title as Spanish or

Mexican land grants. In later years, additional areas were acquired

under various swamp and overflow land acts. The early irrigation

developments were largely individual enterprises, some of which have
continued in this form to the present time.

Construction of the railroad through the valley during the period

1869 to 1875 resulted in an increase in population and a demand for

suitable land for more intensive cultivation. Areas under some of the

earlier canals were then subdivided and sold. Additional systems were

also built to serve dry sections and bring more land under irrigation.

Various forms of organization were used for these enterprises. In some

cases, water was sold without participation by the land owner in the

ownership of the canal system. This method usually resulted in the

canal company becoming a public utility, later subject to regulation in

its rates and service. Many of the canals, particularly those of small

to medium size, were built through the joint effort of the land owners

to be served, under mutual water company forms of organization.

While many of these earlier private and mutual water companies still

remain in operation, organized developments in recent years have taken

the form of irrigation, reclamation and water storage districts. Such

districts have, in several instances, absorbed the former public utility

systems.

The first California irrigation district law was passed in 1872. It

was entitled "An Act to Promote Irrigation" and provided for the

formation of irrigation districts by owners of lands susceptible of one

mode of irrigation or drainage. All of such owners were required to

sign the petition to the county supervisors which initiated the organi-

zation, rather than a majority, as provided in later acts. The irrigation

district, in the form generally used in the United States, had its origin,
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however, in the Wright Irrigation District Act, passed by the Legis-

lature of California in 1887.

The earl}^ enterprises made use of the natural stream flow only.

Due to the rapid reduction in stream flow following the melting of snow
on the higher drainage areas, usually in June or early July, the lands
which could be given full service without storage were limited. Many
areas received only a partial service and either adjusted the crops to

those of early maturity, or by excessive use of flood waters, while avail-

able, raised the ground water to provide at least partial subirrigation

;

during the remainder of the season. AVater logging was often caused by
such excessive applications, and continued high ground water resulted

in soil injury through alkali accumulations in many areas. Drainage
was undertaken in some sections to afford relief.

iln the southern or upper valley the first irrigation developments
were made by direct surface diversion to lands, principally on the

delta fans. For areas distant from streams, where surface supplies

were not obtainable, ground water was found to be available and pump-
ing began to be practiced in the early part of the present century. In

many localities, where artesian wells first were secured, increased draft

has resulted in a lowering of the water table and pumping is now
required. Early pumping plants of the steam and gas engine type

have been replaced hy electrically driven equipment or by modern gas

engines. Pumping from wells has been developed to a very large extent

in this section of the valley, where stream flow is small in relation to the

demand. On the Kings and Kaweah river deltas, pumping from wells,

within the irrigated areas, is extensively used to supplement direct

surface diversion. For areas further south, practice includes all vari-

ations from entire dependence on stream diversion to full pumping or

combinations of these two practices.

In the northern or lower valley, direct surface diversions were used

until the developments had become sufficiently extensive to enable

storage to be financed. These storage developments were made, to a

large extent, economically feasible by the development and sale of

hydroelectric energy in conjunction with the storage and release of

irrigation water. Such storage is now in use on the Merced, Tuolumne
and Stanislaus rivers. Pumping from wells is limited to drainage.

However, drainage water, in most instances, is re-used for irrigation.

On the San Joaquin River, some storage for power is now available as

a partial aid to irrigation. Supplies from the lower portions of the

jSan Joaquin River have been obtained by pumping rather than by
gravity diversion. This method is used for all west side areas, under
irrigation, north of Patterson.

Agencies Furnishing Irrigation Service.

Various forms of organization are used to furnish irrigation service

to California lands. They comprise irrigation districts, public utilites,

mutual water companes, contract companies, individuals, partnerships,

associations, private companies. United States Bureau of Reclamation,

United States Indian Service, county water districts, municipal

improvement districts, water conservation districts, water storage dis-

|tricts and reclamation districts. Those furnishing service in the San
Joaquin River Basin include irrigation districts, public utilities, mutual

I



116 DIVISION OF WATER RESOURCES

water eoinpanios, Avater stora^je districts, a roclamatioii district, water

conservation districts, a county Avater district, private companies and
individuals.

Irrigation Districts—The irrigation district is probably the most
important form of organization furnishing irrigation service in Cali-

fornia. Districts are formed under the "California Irrigation District

Act." The districts have power to issue bonds to pay for their works
and to levy and collect taxes, assessments and water tolls to amortize

TABLE 23

IRRIGATION DISTRICTS IN SAN JOAQUIN RIVER BASIN

Active Districts

District
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the cost of, and to operate and maintain their Avater systems. California

irrigation districts are political subdivisions of the State and are organ-

ized under the jurisdiction of the county or counties in which they are

located. Although it is possible to organize an irrigation district and
issue bonds without the approval of the State Engineer, or of the

board of supervisors of the county in which the district is located, the

bonds are not legal security for public funds and savings banks unless

they are certified by the California Districts Securities Commission.

The affairs of the district are managed by an elective board of directors,

assessor, tax collector and treasurer. A secretary is appointed by the

board of directors. The plans for the district must be prepared by a

competent irrigation engineer.

There are now 36 active irrigation districts in the San Joaquin

River Basin and seven inactive ones. Their histories and statistics

are given in detail in other publications.* Of the active districts, only

four, the Alta, Modesto. Turlock and Tulare, were in existence prior

to 1890. No additional districts were organized until 1900. The period

of greatest activity in the formation of these districts was from 1915

to 1925. In 1920, fourteen districts were organized in the State nine of

which are in the San Joaquin River Basin. Information on the active

districts is given in Table 23.

PiiUic Utilities—A public utility water company is usually a pri-

vate corporation operating a water system and subject to the pro-

visions of the public utilities act of California and the jurisdiction,

control and regulation of the State Railroad Commission. The term

also applies to any person, firm or private corporation, their lessees,

trustees, receivers or trustees appointed b.y any court, owning, con-

trolling, operating or managing any water system within the State

which sells, leases, rents, or delivers water for compensation to any
person, firm, private corporation, municipality, or any other political

subdivision of the State. An exception is made in the case of a

private corporation or association organized for the purpose, solely,

I

of delivering water to its stockholders or members at cost. Such
(organization is not a public utility and is not subject to the juris-

diction, control and regulation of the State Railroad Commission.

However, a contract water company that sells water to non-contract

holders and mutual water companies, delivering water for compen-
sation to others than members or stockholders, becomes a public utility

|and subject to the jurisdiction of the State Railroad Commission.

The Railroad Commission has power not only to fix rates but

also to regulate substantially the entire activities of all public utilities.

A public utility water company has no power to levy taxes or assess-

ments against the area it serves, must stand ready to give service if

called upon, and may not make any charge unless water service is

ordered.

A list of the principal public utility water companies for which
data are available in the San Joaquin River Basin, their sources of

water supply, the county or counties in which they furnish service

and tlie approximate areas irrigated are given in Table 24.

* Bulletin.s No. 21, 21-A, and 21-B, "Irrigation Districts in California," Division
of Engineering and Irrigation, and Divisii>n of T\'ater Resources, State Department of
Public Works.
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TABLE 24

PUBLIC UTILITY WATER COMPANIES IN SAN JOAQUIN RIVER BASIN, 1929

Name of company
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TABLE 25

MUTUAL WATER COMPANIES IN SAN JOAQUIN RIVER BASIN, 1929

Name of company

Campliell and Moreland Ditch Company.
Columbia Canal Company
Consolidated Peoples Ditch Company
Crescent Canal Company
Elk Bayou Ditch Company
Emigrant Ditch Company
Empire Water Company
Evans Ditch Company
Farmers Ditch Company
Firebaugh Canal Company
First Edison Well Company
Fleming Ditch Company
Frecmont Irrigation Association

Ooshen Ditch Company
Hubbs and Mirer Ditch Company
Jacob Rancho Water Company

Som-ce of supply

Jenni-^gs Ditch Company
Lakeside Ditch Company
Last Chance Water Ditch Company
Lemon Cove Ditch Company
Jjemoore Canal and Irrigation Company-
Liberty Canal Company
Liberty Mill Race Company
Lower Tule Water Users Association

Mathews Ditch Company..
Meiga Canal Company
Merryman Ditch Company
Modoc Ditch Company
Oakes Ditch Company
Packwood Canal Company
Patterson Water Company
Peoples Ditch Company
Persian Ditch Company
Pioneer Water Company
Poplar Irrigation Company
Porter Slough Ditch Company
Poso Canal Company
Reed Ditch Company.
Rhodes and Fine Ditch Company
San Luis Canal Company
Settlers Ditch Company

Second Edison Well Company
Stinson Canal and Irrigation Company
Tulare Irrigation Company
Uphill Ditch Company
Watson Ditch Company, .i

Woods Central Irrigating Ditch Company.
Wutchumna Water Company

Tule River
San Joaquin River
Kaweah River
Kings River
Kaweah River
Kings River
Kings River
Kaweah River
Kaweah River
San Joaquin River
Groundwater
Kaweah River
San Joaquin River.....
Kaweah River
Tule River
Lemoore Canal (Kings

River)

Kaweah River
Kaweah River
Kings River
Kaweah River
Kings River
Kings River
Kings River
Tule River
Kaweah River
Kings River
Kaweah River
Kaweah River
Kaweah River
Kaweah River
San Joaquin River
Kings River
Kaweah River ^

Tule River
Tule River
Tule River
San Joaquin River
Kings River
Tule River
San Joaquin River
Peoples Ditch (Kings

River) ...

Groundwater
Kings River
Kaweah River
Kaweah River
Kaweah River
Tule River
Kaweah

County in which water
is served

Tulare
Madera
Tulare
Fresno and Kings.
Tulare
Fresno
Kings
Tulare
Tulare
Fresno
Kern
Tulare
San Joaquin
Tulare
Tulare

Approximate
area irrigated,

in acres

Kings
Tulare
Kings -

Kings
Tulare
Kings
Fresno
Fresno
Tulare
Tulare
Kings
Tulare
Tulare
Tulare
Tulare
Stanislaus

King?
Tulare
Tulare
Tulare
Tulare
Fresno and Merced.
Fresno
Tulare
Merced

Kings..
Kern...
Fresno.
Tulare.
Tulare

-

Tulare.
Tulare.
Tulare.

675
16,000

15,500

2,894

5,637

4.500
16,000

2,500

8,000
24,000

412
1,014

649
1,867

1,059

11,013

800
19,750

19,556

1,100

14,574

1,000

3,870

4,259
1,150

7,993

1.680

4,000
1,000

3,000
14,000

23,400
3,500
3,012

3,192

1,405
20,114

3,000

437
40,500

5,300
300

5,984

3,284

1,900

2,900
1,307

•7,446

* Exclusive of area in Lindsay-Strathmore Irrigation District.

Water Storage Districts—In general, the purposes of these dis-

tricts are to store water for irrijration and to distribute water among
the OAvners of lands within their boundaries, in accordance with such

priorities in right to water, between the different consumers, as may
legally exist. Water storage districts are formed by petition to the

State Engineer, rather than to county supervisors, as is the case with

irrigation districts. For purposes of carrying out the water .storage

district act, the Governor is authorized to name two executive directors

to assist the State Engineer. A petition for formation must be signed
by a majority in number of the holders of title or evidence of title to

lands already irrigated, or susceptible of irrigation from a common
source and by the same system of storage and irrigation works, and
representing a majority in value of said lauds; or the petiticm may be
signed bv not le.ss than 500 holders of title or e\ndence of title to lands

ii
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therein, representinp; not less than 10 per cent in value of all the lands

within the proposed district. The State Engineer determines the

practicability, feasibility and utility of the proposed project set forth

in such petition. xVfter a hearing by the State Engineer, the matter

of organization is submitted by him to an election for majority

approval, at whicli only the holders of title or evidence of title to

lands within the district are entitled to vote. The construction of

works by a water storage district and the management of the district

are under the direction of a board of directors, who have the powers
necessary to carr}^ out the purposes of the water storage district act,

and may submit propositions relating to the project to the qualified

electors at any general or special election. During the construction

of works, reports must be filed with the State Engineer.

P'our water storage districts have been formed in California, all

in tlie San Joaquin River Basin : San Joaquin River Water Storage

District, Kern River "Water Storage District, Buena Vista Water
Storage District and Tulare Lake Basin Water Storage District. In

rlie case of the San Joaquin and Kern River districts, the objective

in organizing was to equitably adjust water rights on San Joaquin

and Kern rivers, and to bring about more economic utilization of

run-off through the construction and operation of storage reservoirs.

The i)lans of these districts were not consummated. Both were dissolved

by due legal process in 1929.

Tulare Lake Basin AVater Storage District includes a gross area of

192,730 acres of which 11,520 acres are set aside for reservoir pur-

poses, leaving a net assessable area of 181,210 acres. About 162,000

acres are classed as irrigable, although portions of this area are subject

to overflow during years of excessive run-off. The water supply is

received from surplus flows of Kings, Kaweah, Tule and Kern rivers.

Tlie district includes about twenty reclamation districts and also the

Lakeland Irrigation District. With the exception of a small area

whicli projects into Tulare County, north of Alpaugh, the entire dis-

trict is located in Kings County.
Buena Vi.sta AVater Storage District embraces land receiving water

from Kern River at the, so-called, "Second Point of Measurement."
Avhich is below diversions of the various canals that supply the main
portion of Kern River Delta, in the vicinity of Bakersfield. The dis-

trict boundaries encompa.ss Buena Vista Lake, containing 25.459 acres.

This lake, partly used as a storage reservoir and partly farmed, is

owned by Buena Vista Reservoir Association, in which INIiller and

Lux, Inc., hold an 84 per cent interest. The irrigable area in the

district, over which assessments have been spread, is 50,405 acres.

Rrrlawafioii /)f.9/rj>/.s—Although reclamation districts in Cali-

fornia have been formed jirimarily for the ])urpose of constructing

works to reclaim swamp and overflow lands, some of these districts

also have constructed irrigation works. The reclamation district law

jiuthorizes the trustees to include in their plans of development such

works as may be necessary foi- irrigation, and gives them the power to

adopt rules and regulations for the distribution of water and the estab-

lishment and collection of water tolls. In most cases, irrigation Avithin

reclamation districts is carried on by individual land owners. How-
ever, in some instances the areas are served by mutual water companies.
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In other instances, lands in the reclamation district receive irrigation

service from irrigation districts. These lands may or may not lie

within the irrigation district boundaries. There are many small

reclamation districts within the Tulare Lake Water Storage District and
on the lower Kings River in Fresno and Kings counties, which are served

by that district and organized irrigation districts with flood waters

from the Kings, Kaweali and Tule rivers. In the Sacramento-San
Joaquin Delta, many of the reclamation districts operate irrigation

works. District 2075 (Mc^Mullen), organized in 1927 and containing

a gross area of 5930 acres, is the only reclamation district in the San
Joaquin Valley, above the San Joaquin Delta, operating irrigation

works as a district. Water is diverted from the Stanislaus and San
Joaquin rivers by means of two main pumping plants, one on each

stream.

Wafer Conservation Disfricfa—There are two laws or statutes in

California relating to the organization of water conservation districts.

The first of these, known as the ''California Water Conservation Dis-

jtrict Act," was approved in 1923 and amended in 1925 and 1927. This

I
act was drafted primarily to organize the various groups which obtain

water from Kings River, for the purpose of storing water on Kings
River at the Pine Flat reservoir site, and incidentally for accomplish-

ing an adjustment of the complicated water right situation on that

stream. The second act, known as the "Water Conservation Act of

1927," was drafted in the interest of various irrigation companies and
irrigators obtaining water from Santa Clara RiA^er, in Ventura County,

and relates largely to the conservation of water by spreading.

A petition proposing the formation of the Kings River Water Con-
sei-vation District was filed with the State Engineer June 12, 1924, and
an order establishing the suf^ciency of that petition was issued July
16, 1924. The principal activity of this district, to date, has been in

[connection Avith the establishment of the Kings River water right

|agreement and monthly diversion schedule. This schedule covers
'direct-flow rights to Kings River water and its distribution. A second
schedule, covering storage rights, is part of the proposed program. The
linterested irrigation districts and other organized agencies, acting
largely through the Kings River Water Association, have made studies

pertaining to storage development at Pine Flat.

The Kaweah Delta Water Conservation District was formed for the
purpose of conservation and preservation of the underground Avaters of
the KaAveah Delta, too-ether Avith their sources of supply. The district

lAvas organized in 1927 and embraces an area of 259,360 acres in Tulare
County and 83.000 acres in Kings County. It is made up of scA^eral

[smaller protectiA'e associations, tAvo of Avhich, the St. Johns RiA'er Asso-
ciation and the KaAveah River Association, include the Tulare Irrigation
|District.

Conniy ^Yater Disfricfs—These districts are formed under an act
approved June 30, 1913, to AA'hich amendments have been made by suc-
ceedina: legislatures. A large number of such districts have' been
formed in the State, but mainly for securing domestic Avater supi)lies.
They are not subject to State superA-ision and are formed by petition
|to the county supervisors. P>onds may be issued. Avhen autliorized Iia-
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more than a two-thirds vote of the resident electors, as qualified under

the general election laws of the State.

The Stevinson County Water District, located in Merced County
at the confluence of the Merced and San Joaquin rivers, was organized

in 1930, for the purpose of distributing irrigation water from the San
Joaquin River and Deadman, Duck, Owens and Bear creeks and Merced
River water to be diverted tlirough the M^orks of the ]\Ierced Irrigation

District. It includes a small portion of the land now served by the East

Side Canal and Irrigation Com])any, a public utility, and adjacent

areas bordering on the San Joaquin and Merced rivers. The total area

included in the district is about 7500 acres. Negotiations are now
pending for the acquisition of the East Side Canal by the district,

together with all right, title and interest of the East Side Canal
and Irrigation Company to divert w'aters of the San Joa(|uin River and
its tributaries, and the waters of several creeks and s])illways discharg-

ing water from the Merced Irrigation District into the East Side Canal.

Inclividuol and Private Companies—In many cases, individuals,

or companies who farm land outside of an organized area, or Avho have

an adequate water supply independent of organized agencies, divert

irrigation water from streams by gravity or by pumping, or pump
ground water for the irrigation of their own lands.

General Location and Extent of Irrigation Development.

On Plate VII, "Agricultural Lands and Areas ITnder Irrigation in

the San Joaquin Valley and Adjacent Foothills," the total area of

agricultural land is shown in yellow and the portion under irrigation

development in green. In addition to the areas shown as being under
irrigation development, certain lands are used for dry farming. In the

San Joaquin Valley, with a small normal rainfall, such farming is

confined chiefly to grain.

An inspection of Table 20, in Chapter III, discloses that, of the

total area of 2,824,400 acres cropped in 1929, 596,500 acres or 21

per cent were dry farmed. Of the total 2,227,900 acres of irrigated

crop lands shown in the table, 1,026.100 acres lie in the lower San
Joacpiin Valley and adjacent foothills, including delta lands in Contra

Co.sta and San Joa(piin counties, but excluding areas in El Dorado
and Sacramento counties. Tlie water tributary to this portion of the

basin is adequate to support the existing development. The main
streams are regulated by storage reservoirs and the lands are adequately

served. With these conditions of plentiful water su|)ply, the tendency
in the lower San Joaquin Valley is for the irrigated crop areas to

increase .slightly, year by year. Therefore, it is believed that the

figure given for the irrigated lands in the lower San Joaquin is prob-

ably the maximum that has been ii-i'igated at any time.

In the upper San Joacpiin Valley, the irrigated area, in 1929, Avas

1,201,800 acres. This total is made up of lands served by surface

diversion only, those served by jnmiping ]ilants only and lands served

by both the.se classes of su]iply. Due to the low run-off of the 1928-29

.season, the in-igated areas for the upper San Joa(|nin V^alley are

somewhat below the average. None of the streams, tributary to tliis

portion of the basin, are regulated by surface irrigation storage and
ilie limit of utilization of their surface run-off, under existing diversion
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more than a two-thirds vote of the resident electors, as qualified under

the jreneral election laws of the State.

The Stevinson County Water District, located in Merced County
at the confluence of the Merced and San Joaquin rivers, was organized

in 1930, for the purpose of distributing irrigation water from the San
Joaquin River and Deadman, Duck, Owens and Bear creeks and Merced
River water to be diverted through the works of the Merced Irrigation

District. It includes a small portion of the land now served by the East

Side Canal and Irrigation Com])any, a public utility, and adjacent

areas bordering on the San Joaquin and Merced rivers. The total area

included in the district is about 7500 acres. Negotiations are now
pending for the acquisition of the East Side Canal by the district,

together with all right, title and interest of the East Side Canal

and Irrigation Company to divert waters of the San Joaquin River and
its tributaries, and the waters of several creeks and spillways discharg-

ing water from the Merced Irrigation District into the East Side Canal.

Individual a/nd Privaie Companies—In many cases, individuals,

or companies who farm land outside of an organized area, or who have

an adequate water supply independent of organized agencies, divert

irrigation water from streams by gravity or by pumping, or pump
ground water for the irrigation of their own lands.

General Location and Extent of Irrigation Development.

On Plate VII, "Agricultural Lands and Areas ITnder Irrigation in

the San Joaquin Valley and Adjacent Foothills," the total area of

agricultural land is shown in yellow and the portion under irrigation

development in green. In addition to the areas shown as being under
irrigation development, certain lands are used for dry farming. In the

San Joaquin Valley, with a small normal rainfall, such farming is

confined chiefly to grain.

An inspection of Table 20, in Chapter III, discloses that, of the

total area of 2,824,400 acres cropped in 1929, 596,500 acres or 21

per cent Avere dry farmed. Of the total 2,227,900 acres of irrigated

crop lands shown in the table, 1,026,100 acres lie in the lower San
Joaquin Valley and adjacent foothills, including delta lands in Contra

Costa and San Joaf|uin counties, but excluding areas in El Dorado
and Sacramento counties. The water tributary to this portion of the

basin is adequate to support the existing development. The main
streams are regulated by storage reservoirs and the lands are adequately

served. With these conditions of plentiful water supply, the tendency

in the lower San Joaquin Valley is for the irrigated crop areas to

increase sliglitly, year by year. Therefore, it is believed that the

figure given for the irrigated lands in the lower San Joaquin is prob-

ably the maximum that has been ii-i-igated at any time.

In the upper San .loacpiin Valley, the irrigated area, in 1929, was

1,201,800 acres. This total is made up of lands served bj' surface

diversion only, those served by pumping plants only and lands served

by both these classes of supply. Due to the low run-off of the 1928-29

season, tlio irrigated areas for the upper San Joa(|uin A^alley are

somewliiil below tlie average. None of the streams, tributary to this

portion of the basin, are regulated by surface irrigation storage and
the limit of utilization of their surface run-off, under existing diversion .

i
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rigrhts, has lonji- since been reached. The cropped land, irrigated solely

from surface diversion, varies through wet and dry periods. This is

particularly true where lands are in large holdings, as has been the

ease in Division 1 of tliis area. On the other hand, the extent of

irrigated areas, entirely dependent upon a supply pumped from ground
water, has been increasing rapidly even though the water levels under-

lying these areas have been steadily receding. It is estimated that

the acreage so served in 1029 is the maximum of record.

Tlie difference in conditions of i)resent irrigation develojnnent,

in the upper and lower parts of the San Joaquin Valley, makes a

separate discussion of each section essential. In the remainder of this

chapter the discussion and maps have been separated into two parts.

The first of tliese deals with the upper San Joa(|uin Valley, using the

same area as that used in Chapter III in discussing agricultural lands.

Tliis extends from Chowchilla River on the east side and Mendota
on tlie west side soutli to tlie upper limit of the valley. Tlie area from
this division northward to the delta and Sacramento Valley areas is

discussed under the heading of the lower San Joaquin Valley.

UPPER SAN JOAQUIN VALLEY

Location of Present Irrigation Development.

Practically all present irrigation development is on the east side

of the valley and within the valley floor. AVater supplies from west
side tributaries are inadequate to serve any large area, and ground
water is limited in amount and uncertain in quality. Some water
from east side tributaries is diverted across the valley trough to lower
west side areas along Kern and Kings rivers.

The southern portions of the Sierra Nevada do not contain the
same character and extent of foothill lands as occur in the portions

adjacent to the lower San Joaquin and Sacramento valleys. The topog-
raphy is more rough and the soils generally of less depth. There are
few mountain valleys of sufficient extent to require considerati{m in

studies of water supplies. The South Fork Valley on Kern River is

an exception to this general statement. There are areas of older

geologic valley formation, extending from Kern River northward to

the vicinity of Porterville, between the valley floor and main moun-
tainous areas, which contain some agricultural lands. These areas,

however, have practically no locally tributary water supplies and
extend to elevations too great to be considered for service from canals
in the valley area. Other cultivated areas, within the foothills, are
limited to generally narrow bottom lands along the streams. Broad
ridges of tillable land, such as are found in tlie foothill fruit producing
areas further north, do not occur in this general area.

Present Storage.

There are no existing surface reservoirs foi- irrigation on the
streams of the up]5er San Joaquin Valley, except the relatively unimpor-
ant storage in the valley trough on Kern and Kings rivers. Buena
Vista Lake stores surplus flood waters of Kern River, for use on lower
lands served from that stream. This reser\-oii' is below the main irri-

gated area on Kern River. Tulare Lake is the depression south of the
ridge built across the valley by Kings River, upon which its flow divides,
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part running north through Fresno Slough to the San Joaquin River

and part south to Tulare Lake. Partial reclamation by levees in

Tulare Lake restricts the area of overflow, under normal inflow, to

smaller areas than those naturally subject to inundation. Water stored

in Tulare Lake is used only on adjacent lands below the main areas

served from Kings River.

Aside from a relatively small amount on Kaweah River, the exist-

ing power storage in the upper San Joaquin Valley is entirely on the

San Joaquin River. Much of the water released from this power
storage is available for irrigation in the lower San Joaquin Valley.

This storage system consists of the reservoirs of the Southern California

Edison Company on Big Creek and South Fork, and those of the San
Joaquin Light and Power Corpoi'ation on the North Fork, comprising

a total present constructed capacity of 334,000 acre-feet.

Growth of Irrigated Area.

The growth of irrigation in this area, as a whole, is indicated by

the census returns which have been reported by counties, although

the county lines do not correspond exactly with the area of the upper
valley. The returns for Kern, Tulare, Kings, Fresno and Madera
counties represent approximately the area of the upper valley, except

that the figures for Fresno and Madera counties include relatively small

acreages in the lower San Joaquin Valley. The available data are

shown in Table 26. Due to the low seasonal run-oft' in 1928-29, the

figures for irrigated areas tabulated for 1929 are somewhat below the

average, as extensive areas normally flooded for pasturage and annuals

received no water. The tabular figures indicate the general progress

of development. For individual years the acreage is influenced by
the volume of run-olf, which controls largely the extent of area flooded

for pasturage, grain and other annuals.

For the special census of 1902 and the regular censuses of 1919

and 1929, data on irrigated areas have been segregated by stream

sources and are shown in Table 27.

TABLE 26

GROWTH OF IRRIGATED AREAS IN UPPER SAN JOAQUIN VALLEY BY COUNTIES
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TABLE 27

GROWTH OF IRRIGATED AREAS IN UPPER SAN JOAQUIN VALLEY BY STREAM BASINS

Data from U. S. Census reports

Stream
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Present Irrigated Crops.

A c()nipr('heiisi\'e survey of the oxtont and character of crops

irrigated iu this area was made in 11)29 as a part of the investigations on
which this report is based. The results for Ideal areas are presented

with the description of the details of each local area. For the entire

area of the npper San Joaquin Valley, the results of this survey of

irrigated crops are summarized in Table 29. Due to the low run-off of

the season 1928-29, the irrigated acreages given in the tabulation

are somewhat below the average.

TABLE 29

IRRIGATED CROPS IN UPPER SAN JOAQUIN VALLEY, 1929

Crop



SAN JOAQUIN RIVER BASIN 127

319,000 acres of dry farmed grain in the upper San Joaquin Valley
in 1929.

Ground Water Conditions.

While little surface storage for irrigation has been constructed in

this area, extensive use has been made of ground water storage. For the

conditions existing in many parts of the area this has been an economical
type of development.

Prior to the settlement of the valley, all of the tributary water sup-

ply either ran off through existing channels or overflowed on adjacent
lands. Drainage to the lower valley was retarded by the barrier built

by Kings River, and run-off from streams south of the Kings could

reach the San Joaquin River only after filling Tulare Lake. Run-off
was dissipated by evaporation from Tulare Lake or other water areas,

by transpiration of the tule and grass growths on overflowed lands
and, in years of extremely large run-off, by overflow to the north into the

San Joaquin River. Kern River built a smaller ridge at the southern
end of the valley with two depressions on its south side, Kern and
Buena Vista lakes, which functioned for Kern River similarly to Tulare
Lake for Kings River. The only ground w^ater records for this period
are general in character. Lands near streams and overflow areas had
generally high ground water. Areas back from streams generally had
depths to ground water greater than the limits of plant use. Illustra-

tions of this are the depths of 50 to 60 feet to ground water near
Fresno and similar depths at Rosedale and other areas north of Kern
River. Absorption from higher overflow areas or stream channels
reached lower areas under confining strata and resulted in artesian
pressures in the valley trough. Such artesian areas extended into the
lower portions of the stream deltas.

Following the construction of canal systems into areas away from
stream channels, artificial sources of ground water were made available.

Seepage from canals and percolation from lands resulted in raising the
ground water until, in many areas, it came within reach of the crop
roots and close enough to the ground surface to result in water logging
and alkali concentrations. Such injured lands generally reverted to

pasture use.

When surface diversions had utilized the available stream flow,

ground water developments were begun. Among the earlier develop-
ments were attempts to use artesian flow near Semitropic, in Kern
County, and pumping for citrus orchards near Lindsay. The loss of
artesian pressure and difficulties with soils resulted in a general decline
of primping near Semitropic. The limited local replenishment, in the
area near Lindsay, resulted in lowering and change in quality of the
ground water, so that it became necessary to seek an outside water
supply. The demand for land, in the period from 1900 to 1910, resulted
in the undertaking of pumping from wells in many parts of the area.
Such developments waited until land values had increased to a point
where pumping costs could be supported. Electric power became avail-

able for pumping and the growth of ground water use has been con-
tinuous to date. Pumping plants have been installed in areas having
no surface supply and in canal-served areas for supplemental use.
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The extension of ])inn])iii*i' in recent yejii's luis altered <j:ronnd watei'

conditions in many ii-i-iuated areas. Instead of losses from canal use

causing an injuriously high ground "water table, ]uimping drafts have
exceeded replenishments and recessions have occurred. Recessions in

some areas have been of benefit in .supplying needed drainage. In

areas of inadequate surface su])plies, the draft lias exceeded the

replenishment and progressive recession is taking place. Such reces-

sion increases the pumping lift and costs. The subnormal run-oflF

of recent years has aggravated this condition. In areas dependent
entirely on pumping and "without active local sources of ground water
supply, the success obtained from the operation of the earlier plants

has resulted in stimulating additional development until overdraft
has occurred. The resulting recession has proceeded in some areas

to a point where the cost of the increased pumping lifts exceeds the
value of the use on some crops.

The conditions vary so widely in the ditferent local areas that
generalizations or averages are of limited assistance only in studying
the problems of the upper San Joaquin Valley. A study of ground
water conditions in each local area is necessary for a determination
of present needs. It is also necessary for the formulation of any
plans for the relief of present overdrafts, as ground water storage is

an essential part of the plans for such relief. For the purpose of

making this study, the area under consideration has been subdivided
into smaller areas, designated as ground water units. The boundaries
of these units were determined by local conditions of influence upon
ground water. The analyses and conclusions regarding amounts of

deficiencies are given in Chapter VIII. In the following discussion

the records and results regarding past experience in the use of ground
water are described, because they are more couA-eniently discussed

with the descriptions of the canal systems in the different local areas.

~

Some features regarding ground water conditions of the valley can
be shown for the area as a Avhole. This has been done on general

plates. Other features, applicable to local areas only, are shown on
plates described with the discussions of such local areas or units.

Plate VIII, "Lines of Equal Elevation of Ground Water Table
in Upper San Joaquin Valley, Fall of 1929," is ba.sed on measure-
ments on about 1700 Avells distributed throughout the area. Lines of

equal elevation shown in red are referred to U. S. G. S. datum. This

plate indicates the direction and rate of ground water slope for the

area as a whole. The general ground Avater slope is from the east

side of the valley toward the valley trough. Ground water cones are

built up under the deltas formed by some of the streams. The effect

of excessive ground water draft in some local areas is shown in the

resulting ground water depressions.

Sufficient data were not available to plot lines of equal elevation

for the Tulare Lake area, which is here u.sed to include the total area

of the Corcoran and Lakeland districts and the Tulare Lake Water
Storage District, served by water diverted from the Kings, Kaweah
and Tule rivers, mainly at high stages. Ground water supplies in this

area are obtained mainly from the deeper strata and artesian wells

formerly were obtainable. The formation is considered relatively non-

absorptive and a definite natural barrier along the eastern rim seems
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to resist ground water movement into the area from the east. The
depth to ground water in a few scattered wells measured in 1929 was
about 100 feet, as compared with that of 30 feet in the area just east

of Corcoran on the outer Tule Delta.

Among the areas in Avhich the result of excessive ground water
draft is shown on Plate YlII are the Edison and Arvin areas, the
marked cone of depression near Delano, the smaller cone at Earlimart,

the extensive cone surrounding Lindsay and small local depressions

in the Madera area. Other areas, in which the draft has resulted in

ground water lowering, without having as yet resulted in a closed

cone of depression, are in the vicinity of Shafter, Wasco and McFar-
land in Kern County, west of Tulare and Goshen, within the city of

Fresno and in parts of the Madera Unit.

The effect of stream flow in building up the adjacent ground
water is illustrated by the ground water contours near Kern River
and in the upper portions of Tule and Kaweali deltas. Ground water
slopes toward Kings River where it is in a depressed channel through
Centerville Bottoms. Below Kingsburg the river is on a slight ground
water ridge. The San Joaquin River where it enters the valley flows

in a relatively deep channel. On the south side of the river, irrigation

in the Fresno Irrigation District with surface supplies from the Kings
River has resulted in a ground water table sloping toward the river.

On the north side, pumping without canal service in the Madera area
has resulted in a slope away from the river.

Plate IX, "Lines of Equal Depth to Ground Water Table in Upper
San Joaquin Valley, Fall of 1929," shows the difference in elevation
between the ground water contours delineated on Plate VIII and the
ground surface. These lines are shown in red. The depth to ground
water as shown on the plate plus the drawdown while pumping would
represent the total pumping lift to ground surface at a particular
location. The drawdown during pumping depends on the tightness
of the water bearing materials and the rate of pumping draft. For
the usual rates of pumping, drawdowns in the more open materials
vary generally from ten to 25 feet and for the finer materials draw-
downs of from 25 to 50 feet may occur. Plate IX also brings out
the effect of excessive 2>umping on the depth to ground water. Like
Plate VIII it is based on measurements of about 1700 wells. While
the depth increases from the valley trough toward the eastern side
of the valley, local increases in depth are shown in areas of heavy
pumping draft away from direct sources of water supply. The rapid
increase in depth to ground water in the Arvin area is due to the
rise in ground elevation over a relatively flat ground water slope. The
same conditions occur in the higher valley areas north of Kern River
and in southern Tulare County. The effect of canal service in main-
taining a relatively high ground water table is shown in the main
canal served areas on Kern and Kings rivers where depths of from
five to ten feet occur over large areas, with additional areas having
depths of from ten to 20 feet. These relatively shallow depths, shown
on Plate IX for 1929, obtain immediately following a series of years of
less than normal run-off. Similar lines for 1921 would show much
larger areas having ground water within ten feet of the ground sur-
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face. The effect of lioavy pumpinj? draft in increasinp: the pumping
lift is shown clcarlj' for areas in the vicinities of Delano, Lindsay,
Tulare, Goshen and south of Madera and west of Chowchilla. The
depth to ground Avater in these areas is greater than that in similar

adjacent areas of smaller pumping draft.

Plate X, "Lines of Equal Total Lowering of Ground Water Table
in Upper San Joaquin Valley, 1921-1929," shoAvs the total lowering
of ground water that has occurred in the eight-year period for those

parts of the area for which records are available. These lines of

equal total lowering, shown in red and based on measurements on
wells varying in number from about 900 in 1921 to about 1700 in

1929, were interpolated from differences in elevation of ground water
estimated for each section corner from the 1921 and 1929 ground water
elevations. This plate brings out, even more forcibly than Plates VIII
and IX, the large variation in lowering in different areas. The amount
of lowering is generallj^ proportional to the distance from direct

sources of ground water supply and the extent of pumping draft.

]\Iaximum lowering of 85 feet is shown for the Lindsay area which is

distant from sources of supply and with large areas irrigated by
pumping. Lowering of 70 feet is shown at Delano. The lowering
for other areas of heavy pumping draft varies generally from 25 to

50 feet where no direct sources of water supplj^ are available. In
other areas of extensive pumping which have direct sources of water
supply, such as the areas under the upper Kings River canals, parts
of the Kaweah Delta and the main canal served areas on Kern River,

lowering of from five to ten feet has occurred. Although the stream
flow for the period, 1921-1929, has been below normal, there are some
areas in which no lowering has occurred. These are relatively small
in extent, however, and occur along stream channels.

On Plate XI, '

' Zones of Variation in Depth to Ground Water, San
Joaquin Valley, Fall of 1929," are shown by zones, the depth to ground
water, between given limits, in both the upper and lower San Joaquin
valleys. Areas having depths of less than ten feet are generally adja-

cent to streams or in canal served areas where little pumping for irri-

gation is practiced. Depths to ground water are generally less in the

lower San Joaquin Valley than in the upper. Much of the canal

served area in the upper San Joaquin Valley has depths of from ten

to 25 feet. Outside of the canal served areas, depths are generally

from 50 to over 200 feet.

Ground water profiles and hydrographs of the records of fluctua-

tion of typical wells have been prepared. The locations of these pro-

files and wells are shown on Plate XII, "Key Map Showing Boundaries
of Ground Water Units and Locations of Profiles and Typical Record
Wells, Upper San Joaquin Valley."

Plate XIII, "Profiles of Water Levels in Ground Water Ihiits of

Upper San Joaquin Valley Along Line X-X, 1921 and 1929," shows
the general ground surface and ground water levels through all ground
water units from Chowchilla River to the vicinity of Arvin. This
plate also illustrates the varying effect of factors of draft and supply.
In general, the ground water is close to the ground surface near the

main stream channels and has shown little lowering in their vicinity

during the eight-year period. This is well illustrated in the Madera
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Unit, where greater depth and lowering are phown in the areas away
from stream channels. The relativel}^ deep channel of the San Joaquin

River is shown clearly. Tliis causes the slope of the ground water in

the northern portion of the Fresno Irrigation District to be toward
j

the San Joaquin River. Shallow depth, with relatively small lowering, ! |

is shown generally in the main Kings River area, crossed by the

profile. The profile crosses the Kaweah Delta in its outer portion

where the stream is divided among several channels. Cross Creek is j ,

the only one of these channels under which the conditions in adjacent <

areas have supported a relatively high ground water table. Cross
|

Creek is approximately the dividing line between the deltas of Kings '

and Kaweah rivers. Flows in the portions of Mill, Packwood and
Cameron creeks crossed by the profile are not sufficient in amount or

in regularity of occurrence to maintain high ground water under
present conditions of draft. Tule River and Deer Creek do not show
any effect on the adjacent ground water. Profile X-X crosses both

^

of these channels below the point to which regular flow extends.

There are no streams of importance, tributary to the area crossed by
the profile, from Tule River to Kern River. There are, however,
relatively large areas dependent on ground water pumping. The ,

result is clearly shown by the differences in elevation between the I

ground water profiles for 1921 and 1929. In the Rosedale area near
Kern River the depth to ground water is less and, due to the stream
flow and canal use, little lowering has occurred. South of Bakersfield

Profile X-X crosses the higher ground on the point of the Kern River
Bluffs. This causes increased elevation of the ground surface profile.

Such increase in ground surface elevation is not reflected, however,
in the ground water profiles. These show a relatively flat slope in

1921 with a steepening in 1929, due to the ground water lowering that
has occurred in the northern portion of the Edison-Arvin Unit.

In addition to the general plates just described, plates for each
local ground water unit showing typical profiles of the ground water
for 1921 and 1929, and continuous records of the fluctuations of repre-
sentative wells for the period, 1921 to 1929, have been prepared.
These are described with the discussion of each local unit.

Analyses of Ground Water Records.

Similar methods of presenting and analyzing the material relating
to the use of ground water and the resulting effect on the ground water
table have been used for nearly all local areas. To avoid repetition

I

in the description of each unit, a general explanation applicable to all

areas is here presented. The ground water records used in the analy-
ses begin as early as 1917, for some of the areas, and are fairly com-
plete for most of the upper San Joaquin Valley from 1921 to date.
Many of these records liave been secured by local organizations. A
number of investigations also have been made by the state engineer
in cooperation with local interests. The results of some of these
studies have been published in other bulletins.* Additional investiga-

.. .
* Bulletin No. 9, "Water Resources of Kern River and Adjacent Streams and

tneir Utilization," State Department of Engineering, 1920.
Bulletin No. 3, "W^ater Resources of Tulare County and their Utilization," State

JJepanment of Public "Works, Division of Engineering and Irrigation, 1922.
Bulletin No. 11, "Ground Water Resources of the Southern San Joaquin Valley,"

State Department of Public Works, Division of Engineering and Irrigation, 1927.
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t

lions have been made m connection with procedure relating to the

various irrigation, water, storage and water conservation districts. All

of these data have been. utilized in the preparation of this chapter.

Terms and Methods Used—In the analyses of canal and ground
water records, presented in this chapter, certain terms and methods
are used which it is advisable to define.

"Consumptive Use" designates the amount of water actually

consumed through evaporation and transpiration by plant groAvth.

"Net Use" designates the sum of consumptive use from arti-

ficial supplies and irrecoverable losses.

For any particular ground water unit or basin, the portion of the

net use termed irrecoverable losses comprises ground water outflow

from the unit if any occurs, water consumed by natural vegetation in

uncultivated or noncropped areas, and all other water lost or consumed
other than that consumed directly in connection with the application

of water for crop irrigation. An absorptive area receiving an average
Avater suppy equal to its net use would maintain its ground water
without progressive rise or fall. In a particular ground water unit, the

rate of gross pumping may, and often does, exceed the rate of net use

per unit area of irrigated crops. Such amounts of gross draft in

excess of the net use percolate back to the ground water and become:
available for reuse by subsequent pumping. Net use, as the term has
been defined, is limited to moisture received from sources other than
direct rainfall on the area. The rainfall in the upper San Joaquin
Valley, while helpful in meeting the moisture requirements of crops]

during the Avinter months, is insufficient to be a material ground water
factor, b}^ direct penetration of moisture to the Avater table or in meet-
ing crop needs during the summer months, by retention in the surface

soil. The precipitation in these areas serves to reduce the irrigation]

need during the winter months.
The A'olume of Avater represented by ground Avater fluctuations]

depends on the total extent of the fluctuations and the proportion of

the soil volume filled or drained by the rise or lowering. While from!
25 to 30 per cent of the total soil volume may represent the Avateri

drained from saturated coarse materials, the aA'erage per cent for the-:

mixed materials, usually encountered in the alluvial fills of the San'
Joaquin Valley, is considerably less than 25 per cent. All moisture
Avill not drain from any soil due to its capillary capacity.

"Drainage Factor" designates the per cent of the total soil A'olume'

represented by the Avater obtained by drainage. The percentage]
obtained by drainage for any material will be numerically the same as

;

that required for its resaturation Avhen a ground Avater rise occurs.

While over 25 per cent may be drained from coarser materials, the

materials Avithin the zone of ground Avater fluctuation usually include
some impervious materials so that the average drainage factor is gen-

erally less than that for the coarser materials alone.

The records of areas irrigated, used in this chapter in studies of^

net use, were secured from the irrigation organizations where available,
^

and by field canvass AA'here not otherAvise obtainable. In most sections,,

these data represent essentially the net service areas, and in fullj
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developed sections would average about 80 per cent of the gross area of

irrigable lands. Lands which are nonirrigable, due to roughness or

other factors, have been excluded from the irrigable areas in the land

classification.

Determination of the Water Supply Required to Meet Net Use

Requirements—In areas where losses by seepage and percolation from
canals and irrigated lands are recovered by pumping and re-used, it is

necessary to bring to such areas sufficient Avater only to meet the net

use. Several areas in the upper San Joaquin Valley are now developed

on the basis of re-use of the percolation to the ground water. Conse-

quently in plans for meeting the water requirements of such areas it is

necessary to estimate the amount of net use. The best basis for such

an estimate is the actual experience in the areas now under this type

of development. If more water is delivered to any area than is con-

sumed by transpiration, evaporation and irrecoverable losses, the excess

will percolate to the ground water and cause it to rise. If less is deliv-

ered than the net use and the shortage in supply made up by pumping,
a lowering of the water table will occur. The records of supply, areas

irrigated and ground water fluctuations in many areas enable estimates

to be made of the rate of supply required for the mean net use without

progressive rise or fall of the water table. A graphical method of mak-
ing such estimates was used for several areas in the upper San Joaquin
Valley, in analyses presented in Bulletin No. 11, previously referred to.

A similar method has been used in this report, generally applied, how-
ever, to larger units of area. The method consists in plotting the

water supply for each season, in terms of acre-feet of measurable net

inflow per acre irrigated, against the change in ground water elevation,

expressed in feet for the same season. Such plotting for different years
indicates the relationship between supply and changes in ground water
level. A mean line expressing such relationship is drawn. The inter-

section of this line with the zero line of the scale of fluctuation indicates.

Ion the scale for inflow, the acre-feet per irrigated acre needed to meet
the net use, including the difference between unmeasurable inflow and
outflow, without progressive ground water change. The supply used
in such comparisons is the sum of all measurable sources of inflow less

all similar measurable items of outflow. The product of the unit net
use so determined and the average area irrigated during the period of

^record, shows the mean seasonal net supply which would have been
necessary to meet the crop requirements and irrecoverable losses with-
lout progressive rise or fall of the ground water. The difference between
the seasonal inflow, thus derived, and the mean actual inflow for the
•period indicates the average shortage of supply for areas where lower-
ing has occurred. This method of analysis assumes that the require-
ments for net use are met in all j'ears without shortage. This condi-
tion is generally met for lands served from wells, but is not always met
in years of deficient canal supply for crops dependent on such canal
service alone. The method includes, in the determination of net use,

jthe net difference between the ground water inflow and outflow.
Neither of these items are directly measurable. The net use determined
by this method also includes water used by natural vegetation and
jancultivated areas. These inclusions result in variations in net use
(per unit of area of irrigated crops in different ground water units.
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The data available indicate that, in most parts of the upper San Joa-

(juin Vallej', general ground water movements from one area to another

involving much distance are relatively slow and the quantities involved

are generally small and have relatively little effect upon the net use

Avitliin the areas. The method also is based on the assumption that,

on the average, an equal amount of water is released per foot of

lowering or that the average drainage factor is constant throughout
the full depth of fluctuation. Within usual ranges of fluctuation this

assumption is probably closely correct.

Ground water depletion estimates for the units, in which the ground
water fluctuations vary consistently with the seasonal inflow, have been

based upon the assumption that the average annual depletion is equal

to the average annual shortage of net use requirements. An assumed
drainage factor is not used in this method of analysis. The actual

value of this factor is indicated by the ratio of the average annual
depletion, in acre-feet, to the average annual volume of soil drained,

expressed in acre-feet. For example, in Table 44, the gross area of

the Fresno-Consolidated Ground Water Unit is given as 700 square
miles or 448,000 acres. The average area irrigated for the 8-year

I)eriod 1921-1929 is 319,900 acres and the average seasonal water
supply diverted into the unit is 537,000 acre-feet. The average sea-

sonal fall of ground water level is 0.81 foot. On Plate XX it is demon-
strated graphically that a supply of 1.90 acre-feet per acre of cropped
area would meet crop needs and maintain a constant ground water
level. The average seasonal water requirement for this area equals

319,900 acres times 1.9 acre-feet per acre or 607,800 acre-feet. The
average annual depletion equals 607,800 acre-feet minus 537,000 acre-

feet or 70,800 acre-feet. The depletion per foot of lowering equals

70,800 acre-feet di\dded by 0.81 foot or 87,400 acre-feet. The soil

volume drained per foot of lowering equals 448,000 acre-feet. There-

fore, the drainage factor equals 87,400 acre-feet divided by 448,000

acre-feet or 19.5 per cent. While no method of ground water analysis

can be exact, due to the man}' variable factors involved, the generally

consistent variations of the annual fluctuations with the water supply,

for the several areas, and number of years for which records are now
available, indicate that the method is generally applicable to the condi-

tions existing in these areas. The analvses of net use in the various

ground water units have been made for the 8-year period 1921-1929,
for which records of inflow, irrigated areas and ground water fluctua-

tions are available.

Kern River Areas.

The Kern River areas as the term is liere used cover the same area
as Hj'drographic Division No. 1 on Plate VI. It includes those portions

of the upper San Joafjuin Valley for which Kern River is the main

^ source of water supply, although many parts of the area are not reached
by tlie present systems diverting from Kern River. It includes all of

the portions of Kern County in the San Joaquin Valley except the

northern three miles.

V The water of Kern River i.s divided between two groups of canal
> interests in accordance with the jMiller-IIaggin agreement. The flow!

of the river is measured at "First Point of Measurement" which is]
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above all diversions in the valley. From March 1 to September 1,

one-third of the flow at First Point in excess of 300 second-feet is

delivered at "Second Point of Measurement," located on Kern River
about five miles above its point of discharp;e into Buena Vista Slongh,

I

for use on lower lands. The remainder of the flow is diverted by the
different canals between First Point and Second Point, to the extent
of their capacities. These canals have varying priorities which result

in differences in the character of service received by different parts of

the canal served areas. At present there is no storage on Kern River
above Second Point. Buena Vista Lake acts as a reservoir for part
of the "Second Point" water.

Investigations relative to the utilization of the water supply of
Kern River were made, during 1920, b}' the State Engineer in coopera-
tion with Kern County and local interests. In 1923 the Kern River
Water Storage District, comprising about 250,000 acres, was formed.
Its area corresponded generally with that recommended in the report
of the 1920 investigations for service above "Second Point." Exten-
sive investigations were conducted by the storage district and a plan
prepared which included the utilization of ground water storage and
pumping for areas on the south side of the river in order that water
now diverted from the river for use in this area, in excess of net use,

might be used for higher lands on the north side of the river. Although
such a plan would have resulted in a much more complete and eco-
nomical use of the available water supply, the varioTis local interests
involved were unable to agree regarding its accomplishment and the
district was dissolved in 1929.

Most of the important canals using "First Point" water operate
as public utilities. These utilities recognize certain lands as having
rights to service under the different canals. A number of questions
regarding the definition of service, areas and rates have been involved
in proceedings before the California Railroad Commission. The areas
irrigated in each year vary Avitli the run-off. An area of about 165,000
acres is served usually, under all ditches, with additional areas in

years of above normal supply. The records of the canal companies
show an average annual diversion of 413.000 acre-feet for the period
1893 to 1925, inclusive. The adequacy and distribution of the supply
through the season vary with the different canals, those of early prior-
ity having a generally well distributed service.

For purposes of discussion, the area as a whole has been divided
into smaller local areas and ground water units having similar condi-
tions. These divisions, in the order presented, consist of the Edi.son-

.Arvin Unit, canal served areas south of Kern River, Rosedale Unit,
Pioneer Canal area, Buttonwillow and Semitropic Ridges, Buena
Vista Water Storage District and McFarland Shafter Unit. In mak-
ing the crop survey of 1929 for all units in Kern County, from which
the area irrigated in each unit has been determined, all highway's, rail-

roads, county and private roads, incorporated and unincorporated
towns, main canals, main laterals, sublaterals, and building and
uncropped areas of more than one acre were excluded. Private ditches
and building areas and yards of less than one acre, situated within the
cropped areas, were included.
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Edison-Arvin Unit—This unit includes the pump irrigated areas

lyinf? above the East Side Canal on the south side of Kern River. Its

northern limit is that of the developed area between Bakcrsfield and
Edison, from which it extends southward, a distance of fourteen miles,

to the south line of Township 31 South. The eastern limit is that of the

intensive development around Arvin and on tlie cone of Caliente Creek.

A small intensive citrus development is located near Edison and an

area devoted to both citrus and deciduous fruits extends from Edison
westward past Magunden toward Bakersfield on both sides of the

Southern Pacific Railroad. Although the principal source of replen-

ishment for the ground water of this unit is the run-off of Caliente

Creek, the cone of depression, that has developed during the past five

years under this area of heavy pumping draft, has lowered the water
table to elevations below that under the East Side Canal three miles

to the west. The total irrigation development under pumping service

for the portion of this area on the Caliente Creek fan is 17,400 acres.

The gross area of the unit is 51 square miles and the area irrigated

in 1929 was 31 square miles, or 20,000 acres.

Profile J-J on Plate XIV, "Edison-Arvin Ground Water Unit,"
extends in a northeasterly direction from a point on the Rim Ditch,

ten miles east of Buena Vista Lake, to a point about five miles south-

east of Edison. It shows the slope condition in the canal served area

south of Kern River as well as that in the Edison-Arvin Unit. Profile

K-K, shown on same plate, extends about ten miles, in an easterly

direction parallel to the Southern Pacific Railroad, from a point about

eight miles south of Bakersfield. Both of these profiles, for the 1929

ground water elevations, show- ground water depressions tlu'ough the

East Side Canal and the higher part of the Caliente cone. This lias

been caused by the excess of draft over supply for the period, 1921 to

1929, as the ground water slope was formerly continuous from the

east toward the west. For Well 31-29-16, about eight miles south

of Edison near the East Side Canal, the pumping draft and winter

recovery are large for each season and amount to more than 30 feet in

some years. There has, however, been a general lowering from 1924 to

1929. The characteristics of Well 31-29-23, about ten miles south of

Edison and two miles east of the East Side Canal, are somewhat similar

to those for Well 31-29-16. Well 29-28-36a, located about three miles

westerly from Edison and near the East Side Canal, shows smaller

lowering than the other two wells referred to, but is somewhat similar

in its general characteristics with regard to winter recovery and general

lowering.

The available records of water supply, area irrigated and ground
water fluctuation are shown in Table 30. The ground water fluctuations

shown in Table 30 do not vary consistently with the estimated run-off

for the different years. Caliente Creek does not have a surface run-oflE

in its stream channel that is accessible for measurement, as the flow

is largely absor])ed and moves slowly to the lower areas. The incon-

sistencies between the estimated annual run-oflfs and the resulting

ground water fluctuations are due probably to some increasing influ-

ence of East Side Canal seepages and the time lag between surface

run-off and delivery to the ground water in the area, and prevent the

determination of a definite relationship between inflow and changes in
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Edison-Arvin Unit—This unit includes the pump irrigated areas

lyinp- above the East Side Canal on the south side of Kern River. Its

northern limit is that of the developed area between Bakersfield and
Edison, from which it extends southward, a distance of fourteen miles,

to the south line of Township 31 South. The eastern limit is that of the

intensive development around Arvin and on tlie cone of Caliente Creek.

A small intensive citrus development is located near Edison and an

area devoted to both citrus and deciduous fruits extends from Edison

westward past Magunden toward Bakersfield on both sides of the

Southern Pacific Railroad. Although the principal source of replen-

ishment for the ground Avater of this unit is the run-off of Caliente

Creek, the cone of depression, that has developed during the past five

years under this area of heavy pumping draft, has lowered the water
table to elevations below that under the East Side Canal three miles

to the west. The total irrigation development under pumping service

for the portion of this area on the Caliente Creek fan is 17,400 acres.

The gross area of the unit is 51 square miles and the area irrigated

in 1929 was 31 square miles, or 20,000 acres.

Profile J-J on Plate XIV, "Edison-Arvin Ground Water Unit,"
extends in a northeasterly direction from a point on the Rim Ditch,

ten miles east of Buena Vista Lake, to a point about five miles south-

east of Edison. It shows the slope condition in the canal served area

south of Kern River as well as that in the Edison-Arvin Unit. Profile

K-K, shown on same plate, extends about ten miles, in an easterly

direction parallel to the Southern Pacific Railroad, from a point about
eight miles south of Bakersfield. Both of these profiles, for the 1929

ground water elevations, show ground water depressions through the

East Side Canal and the higher part of the Caliente cone. This has

been caused by the excess of draft over supply for the period, 1921 to

1929, as the ground water slope was formerly continuous from the

east toward the west. For Well 31-29-16, about eight miles south

of Edison near the East Side Canal, the pumping draft and winter

recovery are large for each season and amount to more than 30 feet in

some years. There has, however, been a general lowering from 1924 to

1929. The characteristics of Well 31-29-23, about ten miles south of

Edison and two miles east of the East Side Canal, are somewhat similar

to those for Well 31-29-16. Well 29-28-36a. located about three miles

westerly from Edison and near the East Side Canal, shows smaller

lowering than the other two wells referred to, but is somewhat similar

in its general characteristics with regard to winter recovery and general

lowering.

The available records of water supply, area irrigated and ground

water fluctuation are shown in Table 30. The ground water fluctuations

shown in Table 30 do not vary consistently with the estimated run-off

for the different years. Caliente Creek does not have a surface run-off

in its stream channel that is accessible for measurement, as the flow

is largely absorbed and moves slowly to the lower areas. The incon-

sistencies between the estimated annual run-offs and the resulting

ground water fluctuations are due probably to some increasing influ-

ence of East Side Canal seepages and the time lag between surface

run-off and delivery to the ground Avater in the area, and prevent the

determination of a definite relation.ship between inflow and changes in
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TABLE 30

EDISON-ARVIN UNIT—WATER SUPPLY, AREA IRRIGATED AND GROUND
WATER CHANGES

Gross area 51 square miles

Season or period

1921-24.
1924-25.
1925-26-
1926-27.
1927-28-
1928-29.

Averages, 1921-29.

Water supply.

Run-off of

Caliente Creek,
in acre-feet

77,800

35,200
12,600

32,700
15,100

15,100

23,600

Area
irrigated,

in acres

(')

17,437

()
(')

()
20,000

18,600

Change of

ground water
level, in

fcet>

»—9.57
—0.89
—2.34
—3.44
—1.28
—3.99

—2.69

' Data not available.

'Interpolated for period 1921-1924, from 1920 and 1924 records.
' (—) indicates lowering of ground water level.

ground water level. The estimated run-off of Caliente Creek is also

subject to considerable error as it is based on comparison with adjacent

streams due to the lack of stream flow measurements. An average

annual depletion of about 13,000 acre-feet has been estimated by sub-

tracting the mean annual run-off of Caliente Creek from an estimated

aet use of two acre-feet per acre. This would indicate an average

irainage factor of 15 per cent for this unit.

Can<il-served Areas South of Kern River—The larger part of the

'First Point" water is diverted to the area south of Kern River. This
irea is served by several different canals which are mainly under the

jontrol of the Kern County Canal and Water Company. The quantitj^

)f water available varies with the different canals and with the char-

leter of run-off of the indiAddual seasons. The canal served area south
)f Kern River is compact, as a whole, except for the area served by the

ilast Side Canal. The ground water is within six feet of the ground
urface for about two-thirds of the total area of 90,000 acres, exclusive

j>f the East Side Canal area. This area is one of the few remaining
ireas in the San Joaquin Valley having injuriously high ground water
inhere no steps to remedy the condition liaA-e been taken. For much of

his land, drainage is a greater need than additional water. There is

omparatively little ground water development in this area although
he recent dry years have caused the development of a number of wells
or supplemental use. The adequacy of the canal supply has resulted in

imited local interest in pumping. Wells of good yield are obtainable
Q the portions of the area near Kem River where coarser materials are
ncountered. Toward the south, from Kern Lake to Buena Vista Lake,
rtesian wells are obtainable. The water-bearing sands are fine, and
ells of the gravel envelope type are most effective in securing large
ields. The largest present draft on the ground water is that for
lunicipal supply for the city of Bakersfield. The total present ground
ater draft is a very small proportion of the canal diversions into
le area. A large portion of the area shows no lowering of ground
ater, and the maximum in any part is about five feet.

The area under the Ea-st Side Canal is separated from the main
|outh Side Canal area by an intervening strip of alkali land in the
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topographic trouf;h of the former course of Kern River. About 6000

acres of the gros.s area of 15,000 acres under the East Side Canal

receive canal service. The average total annual diversions into the

canal are about 25,000 acre-feet. About 60 per cent of the canal served

area also secures a supplemental supply by pumping and an additional

area of about 6000 acres is irrigated entirelj^ from wells. Deeper wells

within this area are seldom perforated in the upper strata, and are not

immediately influenced by the flow of water in the canal or its use on
overlying lands. Such .supply as may be available in the deeper wells

is considered to be received from the general ground water movement
from higher areas tributary to Caliente Creek. These waters may now
be intercepted, at least partly, by pumping in the areas nearer to

(Caliente Creek. From 1921 to 1929, the ground water in this area has

lowered generally from ten to twenty feet at the north end to five to

fifteen feet at the .south end. Present depths to water vary from
twenty-five to sixty feet.

Rosedale Unit—The Rosedale unit lies immediately south of the

Seventh Standard Parallel and extends southward for a distance of

five and one-half miles. Its eastern limit is along the Kern River near
Bakersfield, and the western boundarj^ is near Rio Bravo. It is served

by the Calloway, Beardslej^ ]\IcCaffrey and Emery canals. The areas

irrigated from these canals vary with the run-off of the different years.

Table 31 sets forth the available data on water supply, areas irrigated

and ground water changes in this unit.

TABLE 31

ROSEDALE UNIT—WATER SUPPLY, AREA IRRIGATED AND GROUND WATER CHANGES

Gross area 79 square miles
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requirement of 4.6 acre-ifeet per acre, the indicated mean annual deple-

tion of ground water for the period 1921-1929 is approximately 9000
acre-feet, and indicates a drainage factor of about 14 per cent. Prior

to canal irrigation, the ground water was about 50 feet lower than at

present. The additions to the ground water 'from irrigation have
changed the ground water slopes so that outward movement now
occurs. In the earlier years sho^^ii in Table 31 the ground water was
sufficiently high to result in loss by soil moisture evaporation from
larger areas than the cropped areas given. If a rate of net use, similar

to that indicated for other areas, is applied to this area for each year,

the resulting imaccounted for water varies widely in different years.

During the period 1921-1929 the average seasonal supply exceeded the

probable use within the area by about 20,000 acre-feet. In years of

larger supply the unaccounted for water is a larger amount. The out-

flow from this area appears to be responsive to the extent of the supply
in each year. The total lowering, from 1921 to 1929, amounting to

10.27 feet, appears to have reduced but not to have eliminated ground
water outflow losses in this area.

Pioneer Canal Area—This area covers the lower area north of

Kern River, served mainly by the Pioneer Canal. The area irrigated

varies with the extent of stream flow in different years and may exceed
12,000 acres in years of large run-off. The canal divei*sions average
about 27,000 acre-feet per year. There is only a limited amount of

present use of ground w^ater in this area, although the ground water
supply and conditions for pumping are generally favorable. The
records of ground water fluctuations are not complete. Those available

indicate that some outflow of ground water occurs and that there is

probably some ground water inflow from the Rosedale area. Only
limited lowering has occurred since 1920.

Buttonwillow and Semitropic Ridges—This area covers the lands

along Goose Lake Slough and the adjacent Buttonwillow and Semi-
tropic ridges. There is some irrigation along Goose Lake Slough from
wells, largely artesian. As discussed in Chapter III, these lands are

generally of poor quality and there is little irrigation development.
Toward the northern end a number of w^ells supply water for duck
club use. The records of ground water fluctuations in this area are

incomplete. Some wells w^hich formerly flowed now require pumping.
Wells pumped during the summer may recover their pressure head
and resume flow during the winter season of smaller draft. While
there are no surface sources of inflow into this area, ground water
movement may occur from adjacent areas at the east and south.

Buena Vista Water Storage District—The "Second Point" water

on Kern River is now handled by the Buena Vista Water Storage

District. This district contains 78,825 acres including the area of

Buena Vista Lake and the valley trough lands extending north to

Wasco Road. When organized, about 90 per cent of the land was
owned by Miller and Lux, Inc. A portion of the district has since been

colonized. Formerly the area irrigated varied with the available run-off,

Buena Vista Lake being iised for storage. This lake is one of the

natural depressions in w^hich excess stream flow collected. The area

of submergence is now limited by levees. The depth of flooding is
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shallow and evaporation losses represent a large part of the water
stored. Ground water is fairly close to the surface in much of the

area irrigated. The water-bearing materials consist of fine .sand which
require wells adapted to such conditions, if good yields are to be
secured. There has been considerable recent pumping development
in the southern part of the main area of the di.strict which has made
available a more complete and dependable water supply.

McFarland-Shafter Unit—This unit extends southward from a
line three miles south of the Tulare County line, a distance of 21
miles, to the Seventh Standard Parallel. The eastern boundary is

about two miles east of the Southern Pacific Railroad and the State

highway, and the western limit is the west line of Range 24 East.

Part of the eastern portion receives canal service from the Lerdo and
Calloway canals. As these canals have flood water rights only, the

water supply available varies widely in different years. Poso Creek
also supplies some stream flow to the northern part of the area. The
gross area is 310 square miles. Table 32 summarizes the available

data on water supply, irrigated area and ground water fluctuation for

the period 1919-1929, inclusive. The average lowering for the full

area has been three feet per year. The lowering has varied in the

different parts of the area as shown on Plate X. A total lowering of

as much as 40 to 45 feet has occurred in some of the more heavily
pumped areas. In the southwest part of the area near Goose Lake
Slough, where the ground water draft is slight, little lowering has
occurred. The lowering is generally less in the ])oorer lands along
the west side and beyond the areas now developed.

The average ground water fluctuation is plotted against the aver-

age water supply per acre for each of the nine years of record on
Plate XV, "McFarland-Shafter Ground Water Unit." The points for

the different years are scattered somewhat but indicate generally that

an inflow of two acre-feet per acre will meet the crop requirements and
maintain the ground water at its present level witli such unmeasurable
ground water outflow or inflow as may now occur. Part of the varia-

tions in individual years are due probably to the difference in use on
canal-served areas which may receive onlj'' partial service. Some
ground water outflow to the west also may occur. Such outflow prob-
ably would be somewhat larger under the higher ground water condi-

tions of 1922 than at present. Prior to irrigation in this area, the
ground water was about 50 feet lower than in 1920. About one-half
of the subsequent rise had been lost by 1929. The ground water level,

prior to irrigation, was that maintained by the balance of natural
inflow and outflow. The natural inflow is represented by the absorp-
tion from Poso Creek. The actual pump draft in this area was found
by canvass of all plants in 1920 to exceed two acre-feet per acre.

Pumped water in excess of net use will return to the ground water as
deep percolation and is only a temporary draft on the supply. With
full recovery of ground water, a delivered supply into this area of two
acre-feet per acre of cropped area should meet the crop requirements
and such outflow as may occur, with present ground water elevations,

and prevent further ground water lowering. The 1921-1929 average
annual ground water depletion is assumed to equal the difference
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between the required seasonal net use of approximately 100,000 acre-

feet for the area under irrifratiou. and tlie estimated mean seasonal

inflow of al)out ;5i),()0() acre-feet, or (31,000 acre-feet. This Avould indi-

cate an averajre drainaffe factor of about 10 per cent for this unit.

Profile II-II on Plate XV extends generally parallel to Poso Creek

from Famoso to beyond Elmo. The areas under the Lerdo and Callo-

way canals receive irregular canal service. Pumping is practiced

near the lower end of the area crossed by the profile. There has been

very little canal service in this area in recent years and larger lowering

has occurred in the canal areas than in the pumping areas.

Profile I-I extends east and west near Shafter. Little lowering

has occurred at the upper end above the canals. A lowering of about
.'30 feet is shown in the pumping area near Shafter. At the west, where
there is little development, only limited lowering occurred.

Well No. 26-24-11, Plate XV, is located west of Elmo in the edge

of the pumping area. Lowering occurs during the summer pumping
season with a winter recovery. The winter peaks show an average

annual lowering of about two feet each below the peak of the previous

year until 1929, except for the winters following the larger supplies

of 1922 and .1927, which caused relatively greater winter recoveries.

Winter recovery was very small in the winter of 1928-29 and larger

lowering occurred in the summer of 1929.

Well No. 27-24-10 is west of the pumping area near Wasco. It

shows a continuous lowering of about three feet per year with a small
winter recovery from the summer draft.

Well No. 27-25-26 is east of Shafter under the Lerdo Canal. It

maintained its level with some gain to 1923 and has dropped steadily

since, with the exception of holding even in 1927. Lowering has aver-
ap:ed between four and five feet per year since 1923. The years of low-
ering are ones of small flow in the Lerdo Canal.

Well No. 27-25-1 is at the side of Poso Creek near Famoso. It

shows a marked response of about ten feet to adjacent irrigations in

1922, dropping back quickly after the irrigation. Since 1923 it has
lowered steadily at an average rate of about five feet per year. The
larger supply in 1927 only reduced the rate of lowering in that year
to three feet.

Well No. 28-26-26a is near the Calloway Canal at the southern
side of this area. It shoAvs response to adjacent canal use, holding its

level in 1922 and 1923, lowering through 1926, gaining enough in 1927
to balance the lowering in 1928, and lowering seven feet in 1929.

Wells in the eastern part of this area do not show a wiiiter recov-
ery. The winter recovery at the west is probably, or at least partly, a
l)ressure recovery similar to the pressure recoverj^ that causes some wells
farther west to resume flow during the winter. The winter recovery
indicates that some movement occurs, the lowering in the upper areas
being reflected by the rise in the lower areas.

Earlimart-Delano Unit.

This unit includes the pump developed areas around those two
towns. It is bounded on the north by the division between the areas
affected by White River and Deer Creek, and extends southward for
eleven miles to an east and west line three miles south of the north
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line of Kern County. The eastern limit is along the Southern Pacific

branch line between Kichgrove and Ducor and the western limit is the
west line of Range 25 East. This area has only very limited tributary
run-oif . White River is the only stream draining higher foothill areas.

There are additional minor lower drainage areas such as Rag Gulch.
All irrigated areas are served entirely by pumping from wells. The
generally high quality of the lands in this area has resulted in a rela-

tively large area of pumping. The available records on water supply,
areas irrigated and ground water fluctuation are assembled in Table 33.

The areas irrigated are based on direct canvass in 1921, ,1924, 1925 and
1929 with interpolations for intervening years. A continual increase
is shown with a total increase of about 160 per cent in nine years.

In making the crop survey of 1929 for all units in Tulare County,
from which the areas irrigated in each unit has been determined, all

highwaj^s, railroads, incorporated and unincorporated towns, main
canals, main laterals, sublaterals and building and uncropped areas of

more than one acre were excluded. County and private roads, private
ditches and building areas and yards of less than one acre situated
within the cropped area were included.

Table 33 shows the average ground water fluctuation in the Earli-

mart-Delano Unit for each year. Plate X shows the total lowering for

the eight-year period, from 1921 to 1929. The lowering has been
largest eastward from Delano in the area of heaviest development. A
maximum lowering of 70 feet with lowering in excess of 50 feet over a
relatively large area is shown. The ground water contours on Plate
VIII .show that the loAvering has resulted in a ground water depression
in the area of heaviest pumping, with the ground water sloping into

this area from all sides.

TABLE 33

EARLIMART-DELANO UNIT—WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES

Gross area, 1 50 square miles

Season
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with an average irrifjatcd area of about one-fourth of the gross area,

an average lowering of about five feet per year has occurred. A larger

lowering oecurrod in 1027 than in the very dry year of 1924, indicating

that the area irrigated is the main factor causing loAvering and that

(litTcrences in the very limited tributary supply in individual years do

not materially affect the results. An average annual depletion of

about 50.000 acre-feet for the period, 1921-1929, has been estimated

for tiie Eiiflimart-Delano Unit u])()n the basis of an assumed drainage

factor of 12^ per cent applied to the total drained soil volume. The
sum of the annual depletion and the average estimated annual run-off

of White River indicates a use of 2.5 acre-feet per irrigated acre

average for the eight-year period, and 1.7 acre-feet per acre irrigated

in 1929.

On Plate XVI, ''Earlimart-Delano Ground AVater Unit," is shown
a profile extending east and west through Delano. This crosses the area

|

of heavy pumping east of Delano. The relatively flat slope of the

ground water in 1921, in comparison with the land slopes, illustrates

the rapid increase of pumping lift to the east as well as the light slope

of the ground water needed to discharge the naturally tributary sup-
ply. The profile for 1929 show's, clearl.v, the effect of pumping in this

area. The lowering has produced a ground water depression which
has reversed the ground w^ater slope underlying the western portion
of the unit. The plate also shows the hydrographs of two wells whose
fluctuations are typical for this area. Well No. 24-26-29 and 24-26-
30a, jointly, show the progress of lowering in the almost solidly

developed area near Delano. The readings on these Avells were not
continuous, but sufficient were obtained to show that the steady
decline is unaffected by the variations in stream flow in different years.
These wells are remote from any stream channels. Well 24-26-9 is on
the lower course of White River. A more rapid lowering occurred in the
later years shown than at the beginning of the period. This is prob-
ably due to the larger area irrigated in later years. The record of
water levels in this well does not show^ the effect which might be
expected due to its proximity to the channel of White River. It

lowered about as much in 1927 as in 1028 or 1929. The draft in this
area is so large in relation to the supply that variations in the annual
supply cause little if any change in the rate of lowering.

Tule-Deer Creek Unit.

This unit is bounded on the north by the Ivaweah and Lindsay
units, along the line of the Fifth Standard Parallel. It extends south-
ward about sixteen miles to a line two miles north of Earlimart.
The eastern limit is near Porterville and the Avestern limit is four
miles east of Angiola. Tule River and Deer Creek arc the principal
local tributary streams. The total area is 239,000 acres.

The available data on Avater supply, areas irrigated and ground
water fluctuations are shown in Table 34. A total lowering in eight
years of 22.6 feet has occurred. The conditions of Avater supply and
irrigation vary in the different parts of this area. Canals diverting
from Tule River serve lands near Porterville. The main portion
of the run-off, partieulai'ly in years of less than normal run-off, is

used in the upper portion of the Tule River Delta. Surplus water is
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with an average ii-ri{?ated area of about one-fourth of the gross area,

an average lowering of about five feet per year has occurred. A larger

lowering occurred in 1927 than in the very dry year of 1924, indicating

that the area irrigated is the main factor causii^g lowering and that

dilTerencps in the very limited tributary supply in individual years do

not materially affect the results. An average annual depletion of

about 50,000 acre-feet for the period, 1921-1929, has been estimated

for the E;n-limart-Delano Unit upon the basis of an assumed drainage

factor of 12^ per cent applied to the total drained soil volume. The
sum of the annual depletion and the average estimated annual run-off

of White River indicates a use of 2.5 acre-feet per irrigated acre

average for the eight-year period, and 1.7 acre-feet per acre irrigated

in 1929.

On Plate XVI, "Earlimart-Delano Ground Water Unit," is shown
a profile extending east and west through Delano. This crosses the area

of heavy pumping east of Delano. The relatively fiat slope of the

ground water in 1921, in comparison with the land slopes, illustrates

the rapid increase of pumping lift to the east as well as the light slope

of the ground water needed to discharge the naturally tributary sup-

ply. The profile for 1929 shows, clearly, the effect of pumping in this

area. The lowering has produced a ground water depression which
has reversed the ground water slope underlying the western portion

of the unit. The plate also shows the hydrographs of two wells whose
fluctuations are typical for this area. Well No. 24-26-29 and 24—26-
30a, jointly, show the progress of lowering in the almost solidly

developed area near Delano. The readings on these wells were not
continuous, but sufficient were obtained to show that the steady
decline is unaffected by the variations i]i stream flow in different years.

These wells are remote from any stream channels. Well 24-26-9 is on
the lower course of White River. A more rapid lowering occurred in the
later years shown than at the beginning of the period. This is prob-
ably due to the larger area irrigated in later years. The record of
water levels in this well does not show the effect which might be
expected due to its proximity to the channel of White River. It

low^ered about as much in 1927 as in 1928 or 1929. The draft in this

area is so large in relation to the supply that variations in the annual
supply cause little if any change in the rate of lowering.

Tule-Deer Creek Unit.

This unit is bounded on the north by the Kaweah and Lindsay
units, along the line of the Fifth Standard Parallel. It extends south-
ward al)out sixteen miles to a line two miles north of Earlimart.
The eastern limit is near Porterville and the western limit is four
miles east of Angiola. Tule River and Deer Creek are the principal
local tributary streams. The total area is 239,000 acres.

The available data on water supply, areas irrigated and ground
water fluctuations are shown in Table 34. A total lowering in eight
years of 22.6 feet has occurred. The conditions of water supply and
irrigation vary in the different parts of this area. Canals diverting
from Tule River serve lands near Porterville. The main portion
of the run-oft', particularly in years of less than normal run-off, is

used in the upper portion of the Tule River Delta. Surplus water is,
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largely diverted to lower lands on tlie delta and larger flows result

in some waste to Tnlare Lake. There lias been no surface outflow from
Tule River from 1921 to 1929. Deer Creek has a small run-off. Pump-
ing is carried on along its course by individual land owners and from a

group of Avells used to serve the Terra Bella Irrigation District, which
also exercises a surface diversion right through the Deer Creek Ditch.

For the remainder of this general area, there is no direct stream flow or

canal use and any ground water replenishment is dependent on the
slow outward movement of ground water from adjacent areas. The
areas irrigated in 1921 and 1929 were determined from crop surveys,
but for other years a uniform rate of increase in the irrigated area has
been assumed.

An estimated average annual depletion of 56,000 acre-feet for
the Tule-Deer Creek Unit is based upon the difference between the
run-off and an indicated net use requirement for zero fluctuation

of 2.2 acre-feet per acre for an average irrigated area of 67,400 acres.

This gives an indicated average drainage factor of about eight per cent
for the entire unit.

TABLE 34

TULE-DEER CREEK UNIT—WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES



146 DIVISION OF WATER RESOURCES

TABLE 35

TULE RIVER AREA—WATER SUPPLY, AREA IRRIGATED AND GROUND
WATER CHANGES

Gross area, 155 square miles

Season



! I

PLATE XVII

ATION OF INFLOW TO
LEVEL OF GROUND WATER FOR
CREEK GROUND WATER UNIT

26

1923

1925

1922

1927
Part of supply in 1922 and 1927 consumed by
additional lands not included in interpolated
areas from 1921 and 1929 crop surveys

1929

GROSS AREA 373 SQUARE MILES
AVERAGE AREA IRRIGATED 67,400 ACRES

1 2
nnual inflow in feet per acre irrigated

RELATION OF INFLOW TO
&E IN LEVEL OF GROUND WATER FOR

TULE RIVER AREA

" 1922
Part of supply In 1922 and 1927 consumed by
additional Isnda not Included in Interpolated
areas from 1921 and 1929 crop aurveys —

O o I

1923 1927

GROSS AREA 155 SQUARE MILES
AVERAGE AREA IRRIGATED 39,500 ACRES

1 2 3
Annual Inflow in feet per acre irrigated
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TABLE 35

TULE RIVER AREA—WATER SUPPLY, AREA IRRIGATED AND GROUND
WATER CHANGES

Gross area, 155 square miles ,

Season
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TABLE 36

DEER CREEK AREA-WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES

Gross area, 66 square miles

Season
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Kaweah Unit.

This unit includes that portion of the Kaweah River Delta served

by surface waters from that stream. Its northern limit is at Cotton-

wood Creek and the southern limit two miles south of the Fifth

Standard Parallel near Waukena. The eastern limit is about two miles

east of Exeter and the western limit one mile east of the east line of

Range 22 East at Wauliena. The gross area is 468 square miles and
the average area irrigated is 209 square miles, or 133,700 acres. While
there are a few diversions between Three Rivers and McKay Point,

the main use of Kaweah River occurs below McKay Point. Here the

river divides into the St. Johns and Kaweah channels. The diversions

by the individual canals are governed by their relative rights and
priorities have been established through litigation. The larger and
more dependable part of the stream flow is used mainly by the higher
canals. As the low water flow of Kaweah River is much less than the

demands of the total area irrigated, supplemental pumping is usual.

Formerly much land secured its supplemental supply by subirrigation

from liigh ground water. Lowering in recent years has necessitated

pumping. The individual canals on Kaweah River serve generally

small areas which are somewhat intermingled. Nearly all systems are

organized as mutual water companies, an exception being the Tulare
Irrigation District. The small size and overlapping of the dilferent

systems make it impractical to segregate the use and ground water
fluctuations, by individual areas.

Plate X shows the changes in ground -water from 1921 to 1929.

Lowering has occurred throughout the KaAveah Delta except for a spot

on the river near the hills and a spot on the north edge where there is

practically no use of water. In the main canal served areas the general
lowering has varied from five to fifteen feet. Away from canal service,

lowering has varied with the extent of pumping draft. General lower-
ing of about twenty feet around Ivanhoe, twenty to fifty feet near
Exeter, thirty feet near Goshen, and twenty-five to thirty-five feet near
Tulare illustrate results in areas of extensive pumping. Lowering of
ten to twenty-five feet has occurred around the edges of the area.

The data on water supply, areas irrigated and ground water
changes for the entire area of tlie Kaweah Unit are given in Table 37.

These show an average lowering over the whole area for the eight year
period of 2.24 feet per year with an average supply of 1.88 acre-feet

per acre irrigated. This area includes some lands adjacent to the
Kaweah River but not supplied by it. Some additional areas toward
which tlie ground water slopes from the Kaweah Delta are included in

other areas. Accompan.ying graph.s, a typical profile and hydrographs
from records of typical wells are shown on Plate XVIII, "Kaweah
Ground Water Unit."

An apparent average net use requirement of 2.56 acre-feet per acre
for the average irrigated area of 133,700 acres in the Ka-w'eah Unit is

indicated, and the estimated average annual depletion of 92,000 acre-
feet is based upon the difference between the indicated net use require-
ment and the mean net inflow of 250,800 acre-feet for the 1921-1929
period. Tliis results in an indicated average drainage factor of about
14 per cent for this unit. This large apparent net use is due to several
factors, some of which are: (1) the use of water (not deducted from
the inflow) by lands to the east of the ground water unit which are
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Kaweah Unit.

Tliis unit includes that portion of the Kaweah River Delta served

by surface waters from that stream. Its northern limit is at Cotton-

wood Creek and the southern limit two miles south of the Fifth

Standard Parallel near Waukena. The eastern limit is about two miles

east of Exeter and the western limit one mile east of the east line of

Range 22 East at Waulcena. The gross ai'ea is 468 square miles and
the average area irrigated is 209 square miles, or 133,700 acres. While
there are a few diversions between Three Rivers and McKay Point,

the main use of Kaweah River occurs below McKay Point. Here the

river divides into the St. Johns and Kaweah channels. The diversions

by the individual canals are governed by their relative rights and
priorities have been established through litigation. The larger and
more dependable part of the stream flow is used mainly by the higher
canals. As the low water flow of Kaweah River is much less than the

demands of the total area irrigated, supplemental pumping is usual.

Formerly much land secured its supplemental supply by subirrigation

from high ground water. Lowering in recent years has necessitated

pumping. The individual canals on Kaweah River serve generally

small areas which are somewhat intermingled. Nearly all systems are

organized as mutual water companies, an exception being the Tulare
Irrigation District. The small size and overlapjiing of the different

systems make it impractical to segregate the use and ground water
fluctuations, by individual areas.

Plate X shows the changes in ground Avater from 1921 to 1929.

Lowering has occurred throughout the KaAveah Delta except for a spot

on the river near the hills and a spot on the north edge where there is

practically no use of w^ater. In the main canal served areas the general
lowering has varied froni five to fifteen feet. Away from canal service,

lowering has varied with the extent of pumping draft. General lower-
ing of about twenty feet around Ivanhoe, twenty to fifty feet near
Exeter, thirty feet near Goshen, and twenty-five to thirty-five feet near
Tulare illustrate results in areas of extensive pumping. Lowering of

ten to twentj'-five feet has occurred around the edges of the area.

The data on water supply, areas irrigated and ground water
changes for the entire area of the Kaweah Unit are given in Table 37.

These show an average lowering over the whole area for the eight year
period of 2.24 feet per year with an average supply of 1.88 acre-feet

per acre irrigated. This area includes some lands adjacent to the
Kaweah River but not supplied by it. Some additional areas toward
which the ground water slopes from the Kaweah Delta are included in

other areas. Accompanying graphs, a typical profile and hydrographs
from records of typical wells are shown on Plate XVIII, "Kaweah
Ground Water Unit."

An apparent average net use requirement of 2.56 acre-feet per acre
for the average irrigated area of 133,700 acres in the KaWeah Unit is

indicated, and the estimated average annual depletion of 92,000 acre-
feet is based upon the difference between the indicated net use require-
ment and the mean net inflow of 250,800 acre-feet for the 1921-1929
period. This results in an indicated average drainage factor of about
14 per cent for this unit. This large apparent net use is due to several
factors, some of wliich are: (1) the use of water (not deducted from
the inflow) by lauds to the east of the ground water unit which are
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iiot included in the irrigated areas, (2) the subirrigation and flooding

a years of large flow of lands not included in the irrigated areas, (3)

he underground outflow to lands in the west part of the Lindsay

Jnit, (4) possible underground outflow to areas to the west of the

elected ground water unit, (5) consumption of water by natural vege-

ation.
TABLE 37

:AWEAH unit—water supply, area irrigated and GROUND WATER CHANGES

Gross area, 468 square miles

Season
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The in-ifjated areas in Table 38 represent only the cropped areas.

In addition, there are areas along tlie channels supporting trees and
pasture which also consume water, and in j^ears of larger run-oflf

additional lands receive partial service for pasturage. Definite data

regarding tlie extent of tliese areas are not available. They are suf-

ficient to ho a factor in such years as 1922 and 1927. The average net

water supply is plotted against the ground water changes on Plate XIX,
"Kaweah and Lindsay Ground Water Units." The normal relation-

ship between supply and change is considered to be represented by
the line shown. This line is based on the years 1921, 1923, 1925, 1926,

1928 and li>29. For 1922 and 1927 the additional lands flooded would
reduce the supply per acre if the amount of such land were known and
added to the cropped area and bring the points for these years, shown
on the graph, into closer agreement with the results for other years.

In 1!I24: the .stream flow was insufficient to supply the full needs of

the cropped areas not equipped for pumping and the smaller indicated

net use is due to this shortage. For years in which cropped lands

receive a normal supply, an inflow of 2.17 acre-feet per acre of cropped
area apjioars to be needed to meet net use requirements and maintain
the ground water. This includes actual moisture use on cropped lands

and on the normal areas of channel lands not included in the cropped
areas, and takes account of any lack of balance between unmeasured
inflow and outflow. The result is somewhat larger than that obtained

for areas in the Fresno Consolidated and Alta districts on Kings River.

This difference is consistent with the conditions, as the.se district areas

do not include extensive channel lands and the proportion of the areas

planted to alfalfa is smaller than that on the Kaweah River Delta.

If channel lands are held to their present area and additional lands
are not partially supplied in years of larger run-off, the analyses
indicate that an acre of irrigated crop can be supplied for each 2.17

acrc-fcet retained on this area. If the excess, in years of normal or
larger run-off, is used on additional areas the number of acres of
peniuinent crops which can be supported will be reduced in proportion
to such additional use.

I'rofile D-D, on Plate XVIII, extends southwesterly across the
Kaweah Delta. The upper portion follows the river in an area of
heavy ]nimping, the effect of which shows on the profile. Below this

area, the profile crosses the main canal served lands. While develop-
ment liere is extensive, the more direct canal supply has maintained
the ground water with only limited lowering, even during the period
of less than normal run-off. In the lower portion of the profile, there
is little canal service although there are extensive areas depending on
pumping. The greater distance from sources of direct supply and
lieavy draft has resulted in a lowering of over 30 feet during the eight-
year period.

Profile E-E on Plate XTX extends east and west through the area
between the deltas of Kaweah and Tule rivers, near Lindsay, and across
the outer Kaweali Delta into the lower part of the South Kings area.
The reversed ground water sIojk^s caused by the heavy draft in the
inter-delta an^a at the east are clearly illustrated by this profile. Near
Elk Bayou the more direct canal supply has maintained tlie ground
water with limited lowering even in recent dry years. The western
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The irrifjated areas in Table 38 represent only the cropped areas.

Ill addition, there are areas along the channels supporting trees and
l)astiiro which also consume water, and in j'ears of larger run-oft'

additional lands receive partial service for pasturage. Definite data

regarding the extent of these areas are not available. They are suf-

ficieut to be a factor in such years as 1022 and 1927. The average net

water supply is plotted against the ground water changes on Plate XIX,
"Kaweah and Lindsay Ground Water Units." The normal relation-

ship between supply and change is considered to be represented by
the line shown. This line is based on the years 1921, 1923, 1925, 1926,

1928 and 1929. For 1922 and 1927 the additional lands flooded would
reduce the supply per acre if the amount of such land were known and
added to tlie cropped area and bring the points for these years, shown
on the graph, into closer agreement with the results for other years.

In 1924 the stream flow was insufficient to supply the full needs of

the cropped areas not equipped for pumping and the smaller indicated

net use is due to this shortage. For years in which cropped lands
receive a normal supply, an inflow of 2.17 acre-feet per acre of cropped
area appears to be needed to meet net use requirements and maintain
the ground water. This includes actual moisture use on cropped lands

and on tlie normal areas of channel lands not included in the cropped
areas, and takes account of any lack of balance between unmeasured
inflow and outflow. The result is somewhat larger than that obtained
for areas in the Fresno Consolidated and Alta districts on Kings River.
This difference is consistent w'ith the conditions, as these district areas
do not include extensive channel lands and the proportion of the areas
planted to alfalfa is smaller than that on the Kaweah River Delta.

If channel lands are held to their jiresent area and additional lands
are not partially supplied in years of larger run-off, the analyses
indicate that an acre of irrigated crop can be supplied for each 2.17

acre-feet retained on this area. If the excess, in years of normal or
larger run-off, is used on additional areas the number of acres of
permanent crops which can be supported will be reduced in proportion
to such additional use.

Profile D-D, on Plate XVIII, extends southwesterly across the
Kaweah Delta. The upper portion follows the river in an area of
heavy pumi)ing, the effect of which shows on the profile. Below this

area, the profile crosses the main canal served lands. While develop-
ment liere is extensive, the more direct canal supply has maintained
the ground water with only limited lowering, even during the period
of less than normal run-off. In the lower portion of the profile, there
is little canal sorvice although there are extensive areas depending on
pumping. The greater ilistance from sources of direct supply and
heavy draft has resulted in a lowering of over 30 feet during theeight-
year period.

Profile E-E on Plate XTX extends east and west through the area
between the deltas of Kaweah and Tule rivers, near Lindsay, and across
the outer Kaweah Delta into the lower part of the South Kings area.
The reversed ground water slopes caused by the heavy draft in the
inter-ddta nrea at the east are clearly illustrated by this profile. Near
Elk Payou the inore direct canal supply has maintained the ground
water with limited lowering even in recent dry years. The western
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and lower part of the Kaweah Delta shows similar heavy lowering to

that shown on Profile D-D on Plate XVIII. On this plate are shown
the hydrographs of four wells whose fluctuations illustrate the effect

of supply and draft on the ground water. Well No. 18-25-4a is

located in the northern part of the Kaweah Delta in an area of scattered

canal and pumping service. A quite regular cycle of fluctuation is

shown with a rise during the early summer and a decline during the

period of low stream flow in the late summer. A total lowering of

about seven feet for the eight-year period is shown. Well No. 18-25-34a
is near Visalia within the area of canal service. In 1921 water rose

in this well to within six feet of the ground surface. It did not fail

to remain at more than 10 feet below the ground surface until the

latter part of 1928. In 1929 lowering to more than 20 feet below the

ground surface occurred. Well No. 18-23-11 is in the outer part of

the Kaweah Delta, near Goshen, in an area receiving mainly flood

water service and having little pumping development. A continuous
and steady lowering, with little response to periods of larger river or

canal flow, is shown. The rate of lowering shows little change either

in greater than normal years like 1922 and 1927 or in dry years like

1924 or 1929. The lowering is probably the slowly accumulative effect

of the general lack of balance between inflow and draft. Well No.
19-23-21b is also in the outer Kaweah Delta in an area of little pump
or canal service. The record is incomplete, but indicates a total low-

ering of about 25 feet in the eight years.

Lindsay Unit.

This includes the area at the eastern rim of the San Joaquin
Valley between the deltas of Kaweah and Tule rivers. It includes a
large portion of the Lindsay-Strathmore Irrigation District and all

of Township 20 South, Range 26 East. The gross area is 64 square
miles and the irrigated area 22,000 acres. It is devoted largely to

citrus culture. Pumping in this area was among the earliest uses of

ground water for irriga^tion in the San Joaquin Valley. Such pumping
resulted in rapid ground water lowering. The increase in salt content
with lowering of the ground water, in some areas, rendered the wells

unsuited to use. These conditions resulted in the organization of the

Lindsay-Strathmore Irrigation District for the purpose of securing

outside water of suitable quantity and quality. This district has a

gross area of 15,250 acres of which 7800 acres, largely in citrus, were
irrigated in 1929. The area here described, of which the Lindsay-
Strathmore Irrigation District is a part, has a gross area of 41,216

'. acres and, extends to the west of the Lindsay-Strathmore District.

Approximately 22,000 acres of this combined area were irrigated

in 1929. This area occupies the higher valley lands against the

adjacent foothill slopes in a locality where there are no locally tribu-

,
tary streams of more than nominal run-off. It is relatively distant

from the Kaweah and Tule rivers and out of the direction of the

. main ground water movement of their respective units. This lack of

j
active sources of ground water replenishment is shown by the rapid
rate of lowering that has occurred.

The available data on water supply and ground water fluctuations

are shown in Table 39.
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TABLE 39

LINDSAY UNIT—WATER SUPPLY AND GROUND WATER CHANGES

(22,000 acres irrigated in 1929)

Gross area, 64 square miles

Season
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season, to flood water practice utilizing water at the occasional times

at which it may be available. No storage has as yet been constructed

on the Kings River. A site is available at Pine Flat and preliminary

steps toward organization for its construction have been taken. Some
storage occurs at times in Tulare Lake. Kings River flow divides on
the crest of its delta, part flowing north through Fresno Slough to the

San Joaquin River and part to the south into Tulare Lake. Tulare

Lake is formed by the ridge which Kings River has built across the

valley. Az the low water flow of Kings River is insufficient to meet
the demands during the late summer months, of the lands now devel-

oped, extensive pumping from the ground water is practiced in several

of the areas served. Such pumping is more general in the upper
areas.

Diversions from Kings River since 1918 have been measured by a

water master representing the State or the Kings River Water Associa-

tion. During the later portion of the period such diversions have been
under the general control of the water master operating under a sched-

ule of diversions agreed upon by the larger part of the water right

interests. This schedule specifies the amount of diversion to which
each canal is entitled at river stages extending to river flows of 9450
cubic feet per second in the months of maximum demand. Rights are

claimed at higher stages but are not scheduled. The work of the

water master makes available an unusually complete record of prac-
tically all diversions from Kings River since 1918. The diversion

schedule varies in the different months. In June, the month of

maximum schedule rights, the entitlements total 9000 second-feet.

The schedule shows the diversion which each canal may make for

variations in mean daily stream flow of 100 second-feet. The amounts
of these diversions for a few stages of the river in June are shown in

Table 40. The difference between the river stage and the total schedule

TABLE 40

SUMMARY OF KINGS RIVER SCHEDULE FOR JUNE

Schedule of 1928
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For purposes of discussion, the Kin^s River area as a whole has

been divided into smaller local areas and j^round water units having
similar conditions. These divisions, in the order presented, consist of

the Fresno-Consolidated Unit, areas northeast of P^resno Irrigation

District, Laguna and Riverdale irrigation districts, areas along north

side channels of Kings River, Alta Unit, Foothill Irrigation District

and areas served by Kings County canals.

Fresno-Consolidated Unit. This unit includes the total combined
area of the two irrigation districts from which its name is derived and
a small additional area under pumping development just west of these

districts. It extends from the San Joaquin River to the Kings River
and has a gross area of 700 square miles, of which 503 square miles, or

321,800 acres, were irrigated in 1929.

The crop survej^s in the unit, from which the areas irrigated in

each district have been determined, are based on water service areas

from which highways, railroads, incorporated and unincorporated
towns and main canals have been excluded. The sum of the irrigated

areas so determined equals about 80 per cent of the gross irrigable area

of this unit.

The Fresno Irrigation District has a gross area of 241.300 acres,

of which 192,800 acres were irrigated in 1929. The district has exten-

sive rights of relatively early priority on Kings River and receives a

more dependable water supply both in amount and in distribution I

through the season than other large areas on Kings River. It is gen-

erally highly developed, trees and vines constituting the principal

plantings. The city of Fresno secures its water supply from ground
water within the city area. As a result of irrigation in this area, the

ground water has risen from 30 to 60 feet above its elevation prior to

the construction of canals.^ This rise resulted in waterlogging with
resulting injury from alkali on much of the lower land in the district.

With the increased use of pumping for irrigation in recent years suffi-

cient ground water lowering has occurred so that drainage has been
accomplished. In addition to over 30,000 acres which use pumped
water exclusively, the larger part of the canal served area also is

furnished supplemental service by pumping.
Table 42 shows the records on water supply, irrigation and ground

water changes. These show a direct relationship between the water
supply per acre and the resulting ground water fluctuation. For the

eight-year period, three years show a rise, one year no change and four
years a lowering. Plate X shows the lowering from 1921 to 1929 to

have varied from zero to ten feet in difTerent parts of the district.

Over much of the area the water table has lowered from five to ten
feet, with an average of about 5.75 feet. Profile B-B on Plate XX,
"Fresno-Consolidated Ground Water Unit," extends southwesterly
through Fresno and the wells of the James Irrigation District on
McMullin Grade Road to Fresno Slough. Lowering has not been great,
except near Fresno. The pumping draft for municipal use in Fresno
has resulted in a flattening of the ground water slope immediately
beneath tlie city Avith a consequent steepening to the eastward. The
larger value of diversion per acre irrigated, available to the Fresno

lU. S. G. S. Water Supply Paper No. 18, "Irrigation near Fresno, California,"
1898.
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For purposes of discussion, the Kings River area as a whole has
been divided into smaller local areas and ground water units having
similar conditions. These divisions, in the order presented, consist of

the Fresno-Consolidated Unit, areas northeast of Fresno Irrigation

District, Laguna and Riverdale irrigation districts, areas along north
side channels of Kings River, Alta Unit, Foothill Irrigation District

and areas served by Kings County canals.

Fresno-Consolidated Unit. This unit includes the total combined
area of the two irrigation districts from which its name is derived and
a small additional area under pumping development just west of these

districts. It extends from the San Joaquin River to the Kings River
and has a gross area of 700 square miles, of which 503 square miles, or

321,800 acres, were irrigated in 1929.

The crop surveys in the unit, from which the areas irrigated in

each district have been determined, are based on water service areas
from which highways, railroads, incorporated and unincorporated
toAvns and main canals have been excluded. The sum of the irrigated

areas so determined ecpials about 80 per cent of the gross irrigable area
of this unit.

The Fresno Irrigation District has a gross area of 241.300 acres,

of which 192,800 acres were irrigated in 1929. The district has exten-

sive rights of relatively early priority on Kings River and receives a

more dependable water supply both in amount and in distribution

through the season than other large areas on Kings River. It is gen-

erally highly developed, trees and vines constituting the principal

plantings. The city of Fresno secures its water supply from ground
water within the city area. As a result of irrigation in this area, the
ground water has risen from 30 to 60 feet above its elevation prior to

the construction of canals.^ This rise resulted in waterlogging with
resulting injury from alkali on much of the lower land in the district.

With the increased use of pumping for irrigation in recent years sulBfi-

cient ground water lowering has occurred so that drainage has been
accomplished. In addition to over 30,000 acres which use pumped
water exclusively, the larger part of the canal served area also is

furnished supplemental service by pumping.
Table 42 shows the records on water supply, irrigation and ground

water changes. These show a direct relationship between the water
supply per acre and the resulting ground water fluctuation. For the

eight-year period, three years show a rise, one year no change and four
years a lowering. Plate X shows the lowering from 1921 to 1929 to

have varied from zero to ten feet in different parts of the district.

Over much of the area the water table has lowered from five to ten
feet, with an average of about 5.75 feet. Profile B-B on Plate XX,
"Fresno-Consolidated Ground Water Unit," extends southwesterly
through Fresno and the wells of the James Irrigation District on
McMullin Grade Road to Fresno Slough. Lowering has not been great,
except near Fresno. The pumping draft for municipal use in Fresno
has resulted in a flattening of the ground water slope immediately
beneath the city with a consequent steepening to the eastward. The
larger value of diversion per acre irrigated, available to the Fresno

>U. S. G. S. Water Supply Paper No. 18, "Irrigation near Fresno, California,"
1898.
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Irrigation District, is reflected in the smaller relative lowering than
that in areas of large development with less adequate canal supplies.

TABLE 42

FRESNO IRRIGATION DISTRICT—WATER SUPPLY, AREA IRRIGATED
AND GROUND WATER CHANGES

Season
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the recent years of subnormal surface supply, practically all of sucli

pot liole areas have become dry. Althoug:h the ^n-ound water may
rise in years of above noniuil supply, no niatci-ial jiroblems of (lraina<?e

are to be anticipated. The lowering from 11)21 to li)29 as shown on

Plate X varies generally from five to ten feet with small areas of

fifteen feet near the Kings River. Table 43 shows the records on
water su]->ply, irrigation and ground water fluctuation. A direct

relationship between the water supply per acre and the resulting

ground water fluctuation is shown. For the eight-year period, a low-

ering is shown in six years and a rise in two years.

TABLE 43

CONSOLIDATED IRRIGATION DISTRICT—WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES

Season
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acre. The estimated depletion corresponds to a drainage factor of

about 20 per cent.

TABLE 44

FRESNO-CONSOLIDATED UNIT—WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES

Gross area, 700 square miles
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pumping -was not practiced extensively as early in their development
as in the adjacent lai-ger districts. The rijihts of these districts include

some low water flow with the ]ar<>er part oi" the supply secured at

liiglier stages. Ground water has been relatively high under much of

the area but api)ears to be under control with the present amount of

pumping.

Areas Along Not^th Side Channels of Kings liiver—There are

several separate irrigation systems located along the channels of Kings
River leading to the north toward the San Joaquin River. Tliey are

listed in Table 45, together with tlieir gross areas and areas irrigated

in 1929.
TABLE 45

IRRIGATION SYSTEMS ALONG NORTH SIDE OF LOWER KINGS RIVER

Name of system
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used mainly for pasture. Tlie general ground water lowering during
recent years of less than average water sii]iply lias removed any prob-

lems of drainage in the cropped areas. Ground water lowering from
1921 to 1929 is shown on Plate X. This has varied in the different parts

of the district depending on relative supply and draft. Lowering of

25 to 35 feet has occuvied along the upper portion of the district away
from Kings Kiver. In the southern part of the district, used mainly
for pasturage with little canal service or pumping, the lowering has
varied from nothing to five feet. Lowering in the central portion has
varied from five to fifteen feet.

Table 46 shows the records of water supply, area irrigated and
ground water fluctuations for the area in the Alta Unit. The area
irrigated represents the cropped area, exclusive of the pasture lands

in the southern part of the district, to which some water for stock pur-

poses and some flooding is delivered. In making the crop survey of

1929 from which the irrigated area for this unit has been determined,
all highways, railroads, incorporated and unincorporated towns, main
canals, main laterals and sublaterals and building and uncropped
areas of more than one acre were excluded. County and private roads,

private ditches and building areas and yards of less than one acre

situated within the cropped areas were included.

TABLE 46

ALTA UNIT—WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES

Gross area, 191 square miles

Season
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iiulit'.ilcs that a supply of almut l.!M) acre-foot por acre will meet crop

use and maiiitain ])re.soiit {jround water elevations. This rate of supply

would also meet any excess of ground water outflow over inflow and

includes a supply for use that may occur on pasture areas not included

in the crop areas. This rate of use is smaller than that indicated for

some other areas. This ditl'erence is considoi'od to be due to the fact

that crops in the Alta area are very largely deciduous fruits and

grapes having a smaller consumptive use than forage crops. The esti-

mated average annual depletion of 20,000 acre-foot for the Alta Unit,

for the period 1921-1929, is approximately the difference between the

mean canal diversions and the indicated net supply required for the

average area of 79,000 acres. The indicated average drainage factor

for this unit is about 12 per cent.

Profile CC on Plate XXI shows the slope of the water table

and the lowering that has occurred. This profile extends southwesterly

from the Alta Canal across the central portion of the Alta District to

the southwestern corner of the district. It further extends to the

southwest across the central portion of the South Kings area. The
profile illustrates the more rapid lowering that has occurred in the

upper part of the Alta District where the pumping draft is heavy.

There is less cropped area in the lower part of the district so that

the lowering has been small due to the lighter pumping draft. In the

South Kings area, records are available since 1925 only. The ground
water is fairly close to the ground surface and has shown little change.

Hydrographs of four typical wells in the Alta District also are

shown on Plate XXI. Well No. 15-23-13C is in the upper portion of

the district about three miles from Kings River. This well shows a

rapid rise, in response to the flow of water in the Alta canal system, in

the early summer Avith a similar rapid lowering after canal service ends.

While the lowering for the very dry year of 1924 was largely recovered
in 1927, the total lowering over the eight years shown has exceeded
25 feet. Well No. 17-23-15 is located in the lower portion of the dis-

trict where the land is used mainly for pasture. The canal service and
pumping in this area are limited. In years of larger canal supply,
delivery into this area is also larger. These conditions are reflected

in the fluctuations of this well. Little total lowering has occurred in

the oiglit year })eriod. In 1924 the ground Avater dropped to about ten
feet below the ground surface to tlie probable limit of use by vegetation
through subirrigation, but did not continue to lower materially in

1925 or 1926. The larger supply in 1927 caused a rise to within four
feet of the ground surface. In 1929 it dropped back again to the

capillary limit of subirrigation. Wells No. 16-24-30a, b, and c are

located two miles southwest of Diiuiba in the lower portion of the

cropped area of the district and about five miles from Kings River.

They show a less marked response to canal supply than wells in the

upper part of the district. Their fluctuations are intermediate

between those of wells 17-23-15 and 15-23-13c. Well No. 16-25-30a

is in the cropped area southeast of Dinuba. Water rose to within

about five feet of the ground surface in 1922, but remained over ten

feet below since 1924. The recovery in 1927 was lost in 1928 and

1929 and the ground Avater shows a total lowering of about 20 feet

for the full period.
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ALTA GROUND WATER UNIT



162 DIVISION OF WATER RESOURCES

indicates that a supply of about l.DO acre-fVot per acre will meet crop

use and maintain present ground water elevations. This rate of supply

would also meet any excess of ground water outflow over inflow and ^
includes a supply for use that may occur on pasture areas not included

in the crop areas. This rate of use is .smaller than that indicated for

some other areas. This ditt'erence is considered to be due to the fact

that crops in the Alta area are very largely deciduous fruits and

grapes having a smaller consumptive use than forage crops. The esti-

mated average annual depletion of 20,000 acre-feet for the Alta Unit,

for the period 1921-1929, is api)roximately the difference between the

mean canal diversions and the indicated net supply required for the

average area of 79,000 acres. The indicated average drainage factor

for this unit is about 12 per cent.

Profile CC on Plate XXI shows the slope of the water table

and the lowering that has occurred. This profile extends southwesterly

from the Alta Canal across the central portion of the Alta District to

the southwestern corner of the district. It further extends to the

southwest across the central portion of the South Kings area. The
profile illustrates the more rapid lowering that has occurred in the

upper ])art of the Alta District where the pumping draft is heavy.

There is less cropped area in the lower part of the district so that

the lowering has been small due to the lighter pumping draft. In the

South Kings area, records are available since 192;3 only. The ground
water is fairly close to the ground surface and has shown little change.

Hydrographs of four typical wells in the Alta District also are

shown on Plate XXI. Well No. 15-23-13C is in the upper portion of

the district about three miles from Kings River. This well shows a

rapid rise, in response to the flow of w'ater in the Alta canal system, in

the early summer with a similar rapid lowering after canal service ends.

While the lowering for the very dry year of 1924 was largely recovered

in 1927, the total lowering over the eight years shown has exceeded
25 feet. Well No. 17-23-15 is located in the lower portion of the dis-

trict where the land is used mainly for pasture. The canal service and
pumping in this area are limited. In years of larger canal supply,
delivery into this area is also larger. These conditions are reflected

in the fluctuations of this well. Little total lowering has occurred in

the eight year ])eriod. In 1924 the ground water dropped to about ten

feet below the ground surface to the probable limit of use by vegetation

through subirrigation, but did not continue to lower materially in

1925 or 1926. The larger supply in 1927 caused a rise to within four

feet of the ground surface. In 1929 it drop])ed back again to the

capillary limit of subirrigation. Wells No. 16-24-30a, b, and c are

located two miles southwest of Dinuba in the lower portion of the

cropped area of the district and about five miles from Kings River.

They show a less marked response to canal supply than wells in the

upper part of the district. Their fluctuations are intermediate

between those of wells 17-23-15 and 15-^3-13c. Well No. 16-25-30a

is in the cropped area southeast of Dinuba. Water rose to within

about five feet of the ground surface in 1922, but remained over ten

feet below since 1924. The recovery in 1927 was lost in 1928 and

1929 and the ground water shows a total lowering of about 20 feet

for the full period.
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Foothill Irrigation District. This district extends along the foot-

hills south from Kings River and above the Alta Irrigation District.

It has no present canal system or supply. The gross area is 50,687

acres of which a net area of 11,000 acres was irrigated by pumping in

1929. The area is adapted to citrus culture and present crops are

largely of this character. The ground water records are very meager
for this area. Material lowering has occurred. It is generally recog-

nized that this area is one of practically zero ground water replenish-

ment. The depth to the underlying granite is less than in the valley

areas and the available ground water accumulation is correspondingly

small. The Foothill District was organized as a means of endeavoring

to secure additional water supplies but to date has not succeeded.

Areas Served hy Kings County Canals—The area considered

herein embraces lands served by the systems of the Peoples, Last

Chance and Lemoore canals which serve adjacent areas on the south

side of Kings River in Kings County. The development is a relatively

old one. The water supply obtained from Kings River has been suffi-

cient to cause high ground water under much of the area. Such lands

are used largely for pasture. In recent years some supplemental

pumping has been installed but the extent of the use of the ground
water is much less than in the upper Kings River area. Drainage
would be beneficial to much of tliis land under the ground water con-

ditions of years of normal run-off. The gross area, area of Classes 1

and 2 lands and the net area irrigated in 1929 for each of these systems

is set forth in Table 47.

TABLE 47

CANAL SYSTEMS IN KINGS COUNTY

Name of system
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in this area. Artesian wells formerly were obtainable. Water is

obtained mainly from deeper strata and many wells are 1500 to 2000
feet deep. The Avater bearing materials are generally fine. The
formation is considered relatively nonabsorptive and a definite natural
barrier along the eastern rim seems to resist ground water movement
into the area from the east. The de]ith to ground water in wells in

June of 1929 was about 100 feet as com])ared with that of 30 feet in

the area just east of Corcoran on the outer Tule Delta. Data on a

few scattered wells indicate an average lowei'ing of ground water
levels of about 40 feet between 1926 and 1929. In some areas irriga-

tion has resulted in building up an artificial, shallow ground water
supply which is used to some extent with the deeper water.

Hydrographic Divisions 5 and 5B.

These divisions cover the west side lands from Mendota south.

There are no canal systems as there are no available local surface

water supplies. The lower, canal served lands along the Kings River
channels, are included in the Kings River areas. Some pumping from
local ground water has been developed. Deep wells are required.

The upper ground water is generally of unsatisfactory quality and
wells are perforated only in the lower strata. The total area irri-

gated in 1929 was about 50,000 acres, practically all of which was
within the lower portion of Division 5.

Madera Unit.

This unit has been included in the upper San Joaquin Valley
because it is an area in which present use of ground water supplies

exceeds the replenishment from local sources, and the natural and most
practicable source of supplemental supply required to meet the defi-

ciency between average use and availability of ground water supplies is

the San Joaquin River which is also the proposed source of supple-

mental supply for the remaining easterly portion of the upper San
Joaquin Valley. Bounded on the north by the Chowchilla River,

on the south by the San Joaquin River and on the east by the line

of the Santa Fe Railroad, it extends westward an average distance
of fifteen miles to the area served b}- the present east side canals
diverting from San Joaquin River.

The Madera area has had a lengthy history in its efforts to secure
canal irrigation. The present Madera Irrigation District was organized
with an area of 352,000 acres in 1920. Efforts to work out an adjust-
ment of rights on San Joaquin River resulted in the organization of the
San Joaquin River Water Storage District in 1923. That district had
a total area of about 550,000 acres including about 184,000 acres in the

JMadera District as well as the other crop lands served from the San
Joafjuin River. As efforts to reach a l)asis on which the storage
district could proceed were not successful, it was dissolved in 1929 and
the JMadera District resumed its efforts to secure a separate supply.
The area in the district was reduced by the exclusion of poorer lands
to a present area of about 182,000 acres. The district plans include
storage on the San Joaquin River at Friant and canals extending as
far north as Chowchilla River. Although the area has not as yet suc-
ceeded in securing a supply from the San Joaquin River, irrigation
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has proceeded through the use of Fresno River water and wells. Both
Fresno and Chowchilla rivers cross this area and contribute to its

ground water. The Madera Canal and Irrigation Company serves a

variable area averaging about 10,000 acres near Madera by diversion of

direct flow from Fresno River. Both of these streams drain lower
portions of the Sierra Nevada and have less regular and dependable
run-offs than streams draining higher areas.

Ground water is extensive^ used, a total of 81,000 acres being
wholly or partially irrigated, in 1929, from this source. The principal

areas now developed are located from IMadera south to the San Joaquin
River and in the vicinity of Chowchilla. Ground water contours are

shown on Plate VIII. These indicate the effect of replenishment from
Fresno and Chowchilla rivers and of the concentration of pumping
south of Madera and southwest of Chowchilla. Plate X shows the
lowering that has occurred from 1921 to 1929. This has been generally

five to ten feet near Fresno River and fifteen to twenty feet south of

Madera. Lowering up to 25 feet has occurred in the main pumping
areas near Chowchilla. General lowering of ten to twenty feet has
occurred in the area between Madera and Chowchilla. Present depths
to water as shown on Plate IX vary from fifty to seventy feet in the
southeastern part of the area to five to tAventy feet in the lower west
side areas. Near Chowchilla general deptlis are thirty to fifty feet.

Plates VIII and X do not indicate any material effect on the ground
water of this area due to such percolation as may occur from San
Joaquin River. The river has a net gain in the section bordering the
Madera Unit. Any percolation from the channel affects only a narrow
strip adjacent thereto.

Table 48 shows the available data on water supply, areas irrigated
and ground water fluctuations for the period, 1921 to 1929. Wells in

Season

TABLE 48

MADERA AREA—WATER SUPPLY, AREA IRRIGATED AND
GROUND WATER CHANGES

Gross area, 343 square miles

1921-1922
1922-1923
1923-1924
1924-1925
1925-1926
1926-1927
1927-1928
1928-1929

Averages,
1921-1929

Water supply

Run-off
of Fresno
River near
Knowles,

in acre-feet

93,000
82,300
13,200

45,600
31,000
69,800
44,200
21,200

50,040

Fresno
Lumber
Company
flume

contribu-

tion, in

acre-feet

4,100

4,100

3,200
4,000

4,000

4,000
4,100

4,100

3,950

Run-off of

Chowchilla
River at

Buchanan,
in acre-feet'

108,000
68,400
7,600

85,000

31,700

69,800

52,000
36,800

57,410

Total
inflow,

in acre-feet

205,100

154,800
24,000
134,600
66,700
143,600

100,300
62,100

111,400

.\rea

irrigated,

in acres-

60,000
62,100
64,300

66,400
68,500
72,700
77,000
81,000

69,000

Seasonal
inflow, in

acre-feet

per acre

irrigated

3.42
2.49
0.37
2.03
0.97
1.98
1.30
0.77

1.61

Seasonal
average
change of

ground
water level,

in feet'

+0.55
—0.17
—2.74
—1.83
—1.82
—0.55
—1.34
—3.37

—1.41

1 Stream flow records for seasons 1921-1922 and 1922-1923, other seasons estimated from indices of seasonal wetness
Division K.

'

2 Area for 1929 from crop survey; other years estimated.
' (-1-) indicates a rise and (—) a fall in ground water.
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this area have been read only in the spring and fall. The figure for

the area irrigated in 1929 is based on an actual survey. Those for

l)receding years are estimated from the be-st data available as there are

no actual records 'for earlier years. In making the 1929 crop survey,

highways, railroads, incorporated and unincorporated towns and build-

ing and minor uneropped areas of more than five acres were excluded.

County and ])rivate roads, canals, ditches and buildings and uneropped
areas of less than five acres, situated within the cropped areas, were
included.

The records for this area do not permit of a direct comparison of

sui)ply and u.se, as part of the tributary run-off passes across the area

Avithout diversion or absorption. The results shown in the table indi-

cate that an inflow of about 2.5 acre-feet per acre irrigated is needed
to furnish a sutficient supply to this area for crop use and outflow.

The proportion of the run-off retained within the area varies with the

character of its occurrence as well as with its amount. The estimated

average annual depletion of 61,000 acre-feet is based upon the difference

between an indicated average net use requirement of 2.5 acre-feet per
acre for 69,000 acres and the mean seasonal inflow of 111,400 acre-feet.

The indicated average drainage factor for this unit is about 20 per cent.

Profile A-A on Plate XXII, "Madera Ground Water Unit,"
extends west from a point near the crossing of the Santa Fe Railroad
and the Fresno River to a point two miles north and eight miles west

of Madera and thence in a direction somewhat north of west to Chow-
chilla River. A lowering of about twenty feet is shown on this line in

the westerly part of the unit.

Ilydrographs of three wells are shown on Plate XXII. Well
12-18-16 shows fairlv uniform lowering from October, 1921, to Octo-

ber, 1929, with a total of about eighteen feet. Well ll-17-33b shows
lowering from March, 1922, with some recovery in 1927 and about the

same total lowering. Well 10-16-4 shows lowering from October, 1920,

to October, 1929, with some recovery in 1922, 1923 and 1927 and a total

lowering of about twelve feet.

Net Use in Ground Water Units of Upper San Joaquin Valley.

The foregoing analyses of net use in the several ground water
units of the upper San Joaquin Valley indicate that where the use of

water is predominately that for irrigation of crops and there is little

outflow, the annual net use closely approximates 2.0 acre-feet per acre of

irrigated crops. The greater net use indicated in certain of the areas

such as the Kaweah, Tule-Deer Creek and Madera units is undoubtedly
due to use of Avater in large areas of natural vegetation (trees, grass
lands, etc.), a material amount of unmeasurable outflow or other
irrecovei'able losses, the combined amount of which is substantially

greater in these units in relation to cropped area and crop use than
in the units more intensely developed to crop production.

LOWER SAN JOAQUIN VALLEY

Irrigation development in the lower San Joaquin Valley divides
itself naturally into three parts on the basis of sources of water supply.
These sources of supply are the main San Joaquin River, the east side
tributaries of the San Joaquin River and the channels of the San
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this area have been read only in the spring and fall. The figure for

the area irrigated in 1929 is based on an actual survey. Those for

preceding years are e.stimated from the best data available as there are

no actual records for earlier years. In making the 1929 crop survey,

highways, railroads, incorporated and unincorporated towns and build-

ing and minor uneropped areas of more than five acres were excluded.

County and ]irivate roads, canals, ditches and buildings and uneropped
areas of less than five acres, situated within the cropped areas, were
included.

The records for this area do not permit of a direct comparison of

sujiply and use, as part of the tributary run-off passes across the area

without diversion or absorption. The results shown in the table indi-

cate that an inflow of about 2.5 acre-feet per acre irrigated is needed
to furnish a sufficient supply to this area for crop use and outfloAV.

The proportion of the run-off retained within the area varies with the

character of its occurrence as Avell as with its amount. The estimated
average annual depletion of 61,000 acre-feet is based upon the difference

between an indicated average net use requirement of 2.5 acre-feet per
acre for 69,000 acres and the mean seasonal inflow of 111,400 acre-feet.

The indicated average drainage factor for tliis unit is about 20 per cent.

Profile A-A on Plate XXIT, "Madera Ground Water Unit,"
extends west from a point near the crossing of the Santa Fe Railroad
and the Fresno River to a point two miles north and eight miles west
of IMadera and thence in a direction somewhat north of west to Chow-
chilla River. A lowering of about twenty feet is shown on this line in

the westerly part of the unit.

Hydrographs of three wells are shown on Plate XXII. Well
12-18-16 shows fairlv uniform loAvering from October. 1921, to Octo-

ber, 1929. with a total of about eighteen feet. Well ll-17-33b shows
lowering from ]\Iareh. 1922, with some recovery in 1927 and about the

same total lowering. AVell 10-16-4 shows lowering from October, 1920.

to October, 1929, with some recovery in 1922, 1923 and 1927 and a total

lowering of about twelve feet.

Net Use in Ground Water Units of Upper San Joaquin Valley,

The foregoing analyses of net use in the several ground water
units of the upper San Joaquin Valley indicate that where the use of

water is predominately that for irrigation of crops and there is little

outflow, the annual net use closely approximates 2.0 acre-feet per acre of

irrigated crops. The greater net use indicated in certain of the areas

such as the Kaweaii, Tule-Deer Creek and i\Iadera units is undoubtedly
due to use of water in large areas of natural vegetation (trees, grass
lands, etc.), a material amount of unmeasurable outflow or other
irrecoverable losses, the combined amount of wliich is substantially

greater in these units in relation to cropped area and crop use than
in the units more intensely developed to crop production.

LOWER SAN JOAQUIN VALLEY

Irrigation development in the lower San Joaquin Valley divides
itself naturally into three parts on the basis of sources of water supply.
These sources of supply are the main San Joaquin River, the east side

tributaries of the San Joaquin River and the channels of the San
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Joaquin Delta. As the run-oflP of west side tributaries is practically-

negligible in amount, the main San Joaquin River supplies all w&st

side areas now developed from surface waters as well as some lower east

side areas above the mouth of ]\Ierced River. The remaining east side

areas are served from the east side tributaries.

The adequate water supply of the lower San Joaquin Valley has

resulted in a different type of development from that used in the upper
valley. Pumping from wells for irrigation is practiced to only a limited

extent by individuals. Irrigation is accomplished by means of canal

systems. Sufficient storage has been constructed on the three principal

east side streams to yield practically a full seasonal surface supply for

the areas now dependent thereon. Adequate supplies also are secured

by the lower w^est side systems pumping from the San Joaquin River
due to the availability of return flows from higher irrigated areas. The
larger part of the development is now under the irrigation district

form of organizatioji. In order to show the location and extent of

present irrigation development in the lower San Joaquin Valley, two
plates have been prepared. Plate XXIII, ''Lands With Irrigation

Service from San Joaquin River Above Mouth of Merced River," shows
canal systems, "Crop Lands," "Gi'ass Lands" and lands considered
riparian for the area specified. Plate XXIV, "Lands With Irrigation

Service in San Joaquin Valley North of Merced, '

' shows the boundaries
of organized districts and canal systems for the area specified.

Lands with Irrigation Service from San Joaquin River Above Mouth
of Merced River.

The areas described under this general heading cover the lands
served by diversions from the San Joaquin River above the mouth of

the Merced River. They include some land below the Pierced River on
the west side which is served from higher diversions. The larger part

of existing development is served by canals controlled by Miller & Lux,
Incorporated. These include canals serving the lands of that company
as well as canals serving lands of mixed ownership.

Conditions regarding diversion and use on the San Joaquin River
are quite complex. Uses under riparian and appropriative rights are

intermingled ; two cla.sses of agricultural practice, crop and grass land,

occur. There are differences in claims regarding title to use. ]Many
efforts to work out agreements regarding present rights and efforts to

increase the use of this stream have been made, and much has been
accomplished.

Extensive storage for power has been built on the upper drainage
area. The Southern California Edison Company in connection with
the Big Creek development has storage capacities of 64.400 acre-feet

above the Florence Tunnel, 88,800 acre-feet at Huntington Lake and
135, .300 acre-feet at Shaver Lake. The San Joaquin Light and Power
Corporation has storage of 45,000 acre-feet capacity at Crane Valley
on the North Fork. Storage sites are available below present power
plants for use for irrigation. The conditions of operation of the
power storage are covered by contracts between the power companies
and lower riparian owners.

Pumping plants used for generally small areas along the river
serve a total of about 5000 acres from Friant to the Gravelly Ford
diversion. The highest existing canal is the Gravelly Ford! This



168 DIVISION OF WATER RESOURCES

canal, t()j>etlier with the Aliso and the Brown and Lone Willow slonghs,

from which the Columbia and Chowchilla canals are supplied, serve
the lands on the north side of the river having diversions above
Mendota. These diversions serve both crop and grass lands.

The San Joaquin River turns northward at Mendota, where Fresno
Slough enters the San Joaquin River from the south. In all but dry
years Kings River water reaches the lower portion of Fresno Slough.
In high flows the San Joaquin River overflows through Lone Tree
Slough and other channels across the Herminghaus lands to Fresno
Slough. At lower stages San Joaquin River water is backed np
Fresno Slough by the Mendota AVeir. Pumping diversions by the
James and Tranquillity irrigation districts, which comprise part of

the area in the James Ranch, are permitted when the flow of the
San Joaquin River at Friant exceeds 1360 second-feet.

Several large canal diversions head at the Mendota Weir. The
largest of these is the San Joaquin and Kings River Canal, including
the Main and Outside canals, serving lands on the west side of the

San Joaquin River. This system operates as a public utility and serves

both crop and grass lands in an area extending northward to the

area served by the pumping system of the Patterson Water Company,

TABLE 49

DIVERSION CAPACITIES OF CANALS AND AREAS OF IRRIGATION SERVICE FROM SAN
JOAQUIN RIVER, ABOVE MOUTH OF MERCED RIVER
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below the mouth of the Merced River. The Helm Canal is part of

the San Luis Canal system and diverts for lands lying between the

river and the areas served by the San Joaquin and Kings River Canal.

The Firebaugh Canal System consists of a series of pump lifts serving

lands northward from the Mendota diversion and above the Outside

Canal. Below the Mendota Weir are several canals and sloughs which
divert to adjacent lands. Blythe Canal and the East Side Canal
serve lands on the east side; Temple and Pick Anderson sloughs serve

lands on the west side. In addition to the definite diversions some
areas secure water through other sloughs or by general overflow. Such
areas include the Herminghaus lands above IMendota and several

holdings along the river below Mendota. Table 49 gives general data

on diversion capacities and areas served by these canals. Recently,

6000 acres of grass lands, not shown in the table, have been irrigated

from the Chowchilla Canal.

The intake of the Gravelly Ford Canal, which has no headgate, is

located near the southwest corner of the southeast quarter of Section 8,

Township 13 South, Range 17 East, M. D. B. and M. The zero of a

staff gage, established September 3, 1929, is set at elevation 192.00 feet,

U. S. Geological Survey datum. The water surface elevation at maxi-
mum diversion is 201 feet.

The Aliso Canal diverts from the San Joaquin River at the east

side of the northwest quarter of the northwest quarter of Section 22,

Township 13 South, Range 16 East. The headgate is located about 1000
feet down the canal from its intake and a staff gage about 1000 feet

below the headgate in the northeast quarter of the northeast quarter
of Section 21. The zero of the gage is set at elevation 180.00 feet. The
water surface elevation at maximum diversion is 186 feet.

Water is diverted through Brown and Lone Willow sloughs to the
Columbia and Chowchilla canals. Brown Slough diverts from the San
Joaquin RiA'er in the northeast quarter of the northwest quarter of

Section 29, Township 13 South, Range 16 East. A headgate and a staff

gage are located about 1000 feet down the canal from the intake. The
zero of the gage is set at elevation 172.00 feet. The water surface
elevation at maximum diversion is 176 feet. Lone Willow Slough
diverts from the San Joaquin River in the southeast quarter of the
northwest quarter of Section 25, Township 13 South, Range 15 East, at

Whitehouse. The headgate is located at the point of diversion. A
staff gage, established August 3, 1929, is located about 1500 feet down
the canal from its intake in the northeast quarter of the northwest
quarter of Section 25. The zero of the gage is set at elevation 164.00
feet and the water surface elevation at maximum diversion is eleva-
tion 171 feet. Brown Slough discharges into Lone Willow Slough at

the headgate of the Columbia Canal in the southwest quarter of the
northeast quarter of Section 23, Township 13 South, Range 15 East.
The zero of a gage at the headgate is set at elevation 164.00 feet, and the
Avater surface elevation at maximum diversion is elevation 168 feet.

The Chowchilla Canal intake and headgate are located about one-half
mile northerly, along Lone Willow Slough, from the Columbia Canal
intake, near Whitehouse Ranch headquarters in the southeast quarter
of the southwest quarter of Section 14. The gaging station at this
point Avas discontinued August 2, 1929, and the staff gage removed.
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The Firebaufrh and Outside canals' intakes and headgates are

located on Fresno Sloupfh about four-fifths of a mile south of Mendota
Weir, in tlie nnrtlioast (|uarter of the northeast quarter of Section 30,

Township 1.'] South, Rangfc 15 East. The zero of a gajre on the Fire-

baugfh Canal near its head, established February 12, 1930, is set at ele-

vation 156.00 feet and the maximum recorded water surface elevation is

162 feet. There is a <xafrinfr station, established Aujrust 27, 1929, on
the Outside Canal about one and one-half miles below its intake in

the northeast quarter of "the northeast quarter of Section 24, Township
13 South. Ranf^e 14 East. The zero of the gage is set at elevation 153.00

feet and the water surface elevation at maximum diversion is 159 feet.

The j\Iain Canal, Helm Canal and Helm Ditch divert from the

pool immediately above IMendota Dam in the southwest quarter of the

northeast quarter of Section 19, Township 13 South, Range 15 East.

The zero of a gage near the head of Main Canal is set at elevation

151.00 feet and the water surface elevation at maximum diversion is

160 feet. The Helm Canal has a drop just below its intake, on the

lower side of which is located a staff gage. The zero of the gage is

set at elevation 151.00 and the water surface elevation at maximum
diversion is 156 feet. The Helm Ditch diverts just to the north of

Helm Canal. It follows the high land adjacent to the river. The
zero of a staff gage near its head is set at elevation 156.00 feet and the

water surface elevation at maximum diversion is 159 feet.

The Blythe Canal is an artificial channel about six-tenths of a mile

in length that diverts water from the east side of the San Joaquin
River to the lower channel of Fresno River. Its point of diversion is

located in the northeast quarter of the northeast quarter of Section 13,

Township 11 South, Range 13 East. The zero of a gage on this canal

near its head, (now discontinued) was set at elevation 122.00 feet and
the water surface elevation at maximum diversion is 126 feet.

Temple Slough diverts from the west side of the San Joaquin
River at a point about one-third of a mile below the Blythe Canal
intake in the southeast quarter of the southwest quarter of Section 12,

Township 11 South, Range 13 East. The zero of a gage below the

headgate, established December 4, 1929, is set at elevation 118.00 feet

and the water surface elevation at maximum diversion is 123 feet.

Chamberlain Slough diverts from the east side of the San Joaquin
River below the mouth of Chowchilla River in northwest quarter of

the nortlicast quarter of Section 31, Township 9 South, Range 13 East.

The elevation of its water surface at maximum diversion is 111 feet.

Pick Anderson Slough diverts from the west side of the San Joa-
quin River through five channels. The locations of the points of diver-

sion all of which are in Township 9 South, Range 12 East, and the
elevations of their water surfaces at maximum diversion are set forth

in a downstream order as follows

:

1. Southwest (juarter of the southeast quarter of Section 26, eleva-

tion 106 feet.

2. Southwest quarter of the southeast quarter of Section 26, eleva-

tion 106 feet.

3. Northeast quarter of the southwest quarter of Section 26, eleva-

tion 105 feet.
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4. Northwest quarter of the southwest quarter of Section 26, eleva-

tion 103 feet.

5. Southwest quarter of the northeast quarter of Section 27, eleva-

tion 103 feet.

The San Luis Island Canal (also known as Clair Canal) is located
between Salt Sloug:h and the San Joaciuin River. Its intake is located

on the east side of Salt Slough in tlie southwest quarter of the north-

east quarter of Section 14, Township 9 South, Range 11 East, at an
elevation of about 95 feet. It receives water diverted from the San
Joaquin River through Pick Anderson Slough and thence through
Middle and Salt sloughs to its intake.

The East Side Canal diverts from the east side of the San Joaquin
River in the northwest quarter of the northeast quarter of Section 17,

Township 9 South, Range 12 east. The elevation of its water surface

at maximum diversion is 98 feet.

As a result of extensive discussion among various interests on
San Joaquin River, which were in 1929 connected witli the proposed
San Joaquin River Water Storage District, a suggested flow schedule
was tentatively agreed upon and used in the formulation of plans for

additional irrigation development. The schedule is based on the
records of diversions during the different months of the year, and
for various river stages. The river flow, as regulated by the upper
power storage, is allocated to existing diversions in accordance with
their priorities, up to an amount equal to the total requirements.
Diversions totaling 5000 second-feet are listed.

A modified flow schedule was filed with the California Railroad
Commission by the San Joaquin and Kings River Canal Company, in

connection with an application by that company for authority to

increase water rates. This schedule is mentioned in the commission's
decision No. 22228 of March 19, 1930. It provides for the use of power
released waters by the compam^ based upon an apparently reasonable

and practicable exchange for use by Miller & Lux, Inc., o'f certain

amounts of the company's natural flow waters in the early part of

the irrigation season when usually all such waters are not required
by the utility consumers. Operation under this flow schedule as

stated in said decision was limited to the irrigation season of 1930, but
might eventually result in minor modifications of the original San
Joaquin River "Water Storage District schedule, as herein applied.

Such modifications would have resulted in an annual average water
yield of about 20,000 acre-feet less for the crop lands involved than
under the original schedule.

In Table 50 are summarized the maximum water yields for the
crop lands that would have been obtained by the application of the
proposed San Joaquin River Water Storage District schedule, to the
stream flow, as regulated by existing power storage, for the period
1910-1927. The area irrigable under each right represents the land
now considered for service thereunder. The totals differ from the

corresponding figures shown in Table 49 because in Table 50 grass
lands under \h-e Blythe Canal are included with the crop lands.

Blythe Canal waters are used in conjunction with crop land waters
from the Chowchilla Canal. At this time it appears that it would not
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be feasible to differentiate between the two uses of water in this par-

ticular area as portions of the respective grass land and crop land are

utilized together in individual enterprises. The estimated total diver-

sion requirements for tiie 309,000 acres classified as crop lands, in

Table 50, are 895,700 acre-feet per season.

TABLE 50

AREAS OF IRRIGATION. SERVICE, CROP LAND REQUIREMENTS AND AVERAGE
SEASONAL SCHEDULE YIELD FOR DIVERSIONS FROM SAN JOAQUIN

RIVER, ABOVE MOUTH OF MERCED RIVER, 1910-1927

Service area

Riparian lands above Gravelly Ford

Chowchilla Canal

San Joaquin and Kings River Canal

Columbia Canal...

San Luis crop lands

Firebaugh Canal
Lone Willow Slough residual area

Aliso Canal
Gravelly Ford Canal..

Fresno Slough areas

San Luis grass lands

East Side Canal
Blythe Canal (grassland)

State Game Farm
Herminghaus grasslands (overflow lands).

Chamborlain-Potter (overflow lands)

Lower East Side (overflow lands)

Lower West Side (overflow lands)

Totals.

Crop lands

Area,

in acres

5,000

10,000

155,500

16,000

47,500

24,000

14,000

20,000
14,000

3,000

309,000

Maximum
seasonal

demand,
in acre-feet

12,200

51,200
482,000
40,000

117,700
60,000

33,600

48,000
42,000
9,000

895,700

Average
seasonal

schedule
yield, 1910-1927.

in acre-feet

No schedule
51,200

495,600
43,200
135,700

59,500
50,100
03,100

37,900
27,600
120,900
54,200
42,300
9.000

Grass land
area,

in acres

37,500

23,000
22,000
14,000

58,500

16,000

2,000

25.000
20,000

218,000

Table 51 shows the seasonal yield which would have been obtained

from the San Joaquin River by the crop lands and grass lands during

the 12-year period, 1917-1929, under the proposed schedule, with exist-

ing conditions of irrigation and power development.

TABLE 51

WATER YIELD OF SAN JOAQUIN RIVER IN ACCORD WITH PROPOSED SCHEDUI.E OF
SAN JOAQUIN RIVER WATER STORAGE DISTRICT

Season
Crop land water,

in acre-feet

Grassland water,

in acre-feet

Surplus water,

in acre-feet

Total
impaired flow

at Friant,

in acre-feet

1917-1918
1918-1919
1919-1920
1920-1921
1921-1922 —
1922-1923
1923-1924
1924-1925
1925-1926
1926-1927
1927-1928
1928-1929

12-year averages

864,000
728,500
843,600
870,500
892,100
886,900
460.800
861.100
736,900
878,800

739.400
768,300

794,200

640,500
626.000
429.400
671,700
974.300
772.200
193.200

408.700
494.800
912.000
480.600
148.100

562.700

41.400
8.600

27.600
17,700

413,100

24.400

3.700
300

94.900
9,400

53.400

1,545,900

1,363,100

1,300,600

1.559.900

2,279,500

1,683,500

654.000
1.273,500

1,232,000

1,885,700

1,229.400

916,400

1.410,300
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Lands with Irrigation Service in San Joaquin Valley, North of Merced.

Irrigation development, in this section. of the lower San Joaquin
Valley, segregates itself naturally into areas obtaining water from
the main San Joaqnin River, from east side tributaries and from San
Joaquin Delta.

Service from Main San Joaquin River—On the west side of the

lower San Joaquin Valley, diversions below the mouth of the Merced
River are made by pumping from the main San Joaquin River. The
Avater supply comprises the flow of the main San Joaquin River and
its east side tributaries. The low water flow consists largely of return

water from irrigation. From the south to the north the more impor-

tant irrigation systems above the delta area are those of the Patterson

Water Company and the West Stanislaus, Banta Carbona, and West
Side irrigation districts. These systems pump by multiple lifts to

maximum total heights of about 175 feet, in some cases. They serve

practically all of the west side area up to the elevation of their maxi-

mum lifts, from vicinity of Patterson to Tracy. A total area of about

43,000 acres was irrigated by these sj^steras in 1929.

Service from East Side Trihufaries—Development along the east

side of the lower San Joaquin Valley has been effected almost entirely

under the irrigation district form of organization. These districts have
been described in detail in another report ^ so that extensive dis-

cussion here is not required. In general, the conditions are materially

different from those in the upper San Joaquin Valley and the methods
used are therefore different. Surface storage works have been con-

structed on the three main tributary streams. The supply afforded

by these reservoirs, together with the utilization of the return flow in

the lower stream channels, enables the late summer requirements to

be supplied from stream diversion rather than bj^ use of ground water
storage. As the canal systems cover the larger part of the area and
afford adequate surface supplies, there is little development of wells

by individual landowners. Ground water use for irrigation occurs

mainh' in the north end of the area near Stockton. Such ground
water pumping, as practiced in other areas, is mainly for drainage
to remove excess water resulting from irrigation rather than as a

source of supplemental water, although a considerable amount of the

water so pumped for drainage is being utilized also for irrigation.

Such drainage pumping is handled by the district organizations rather

than by the individual landowners.
The six irrigation districts on the east side of the lower San

Joaquin Valley include nearly all of the better lands between the

rolling hardpan or residual soils on the east and the lower and gen-
erally alkaline areas near the valley trough. Lands to the north of these

districts are within the lower valley areas where the rainfall is larger
and irrigation canal systems have not been generally constructed.

The Merced Irrigation District covers lands south of Merced River
with a small area on the north side. The total area in the district is

189,682 acres of which 134,379 acres were irrigated in 1929. The crops

^Bulletin No. 21, "Irrigation Districts of California,"
and Irrigation, State Department of Public Works, 1929.

Division of Engineering
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are well diversifietl. The district has constructed storagre on Merced
River at Lake McClure of 279,000 acre-feet cai)acity. The direct stream
flow with the storage and some re-use of water, pumped for drainage,
furnish a generally adequate and well sustained water supply for this

district. The district extends from the more rolling hardpan lands

at the east to the lower and generally alkaline lands at the west.

At the south there is an area between the Merced District and Chow-
ehilla liiver for wliieli canal facilities have not been provided. The
•recently organized El Nido Irrigation District comprises 9450 acres

of this area, of which 4000 were irrigated in 1929. It has arranged
to secure surplus water from the Merced District. There is some
additional development by individual pumping plants, but these repre-

sent only a small part of the gross area outside of the El Nido District.

The Turlock Irrigation District embraces 181.498 acres extending
from the Tuolumne River to the Merced River. There were 133,750

acres irrigated in 1929. This district and the Modesto District have
constructed joint storage at Don Pedro on Tuolumne River. Pumping
for drainage is also partly used for irrigation. The Turlock district

covers the better lands between the Tuolumne and Merced Rivers and
between the upper hardpan and lower alkali areas.

The Tuolumne River also supplies lands on the north side, in the

Modesto and Waterford irrigation districts. The ]\Iodesto District

includes 81,183 acres of which 66,370 acres were irrigated in 1929.

The water supply is obtained from direct flow and storage with some
ground water pumping for drainage. The Waterford District includes

14,110 acres of which 5079 acres were irrigated in 1929. This district

covers lauds near the river and above the Modesto District. Its

boundaries are more irregular in order to include the valley areas in

the more rolling topography of the lower foothills.

The Stanislaus River is the source of supply for the Oakdale and
South San Joaquin irrigation districts. These districts have con-

structed storage jointly at Melones. The Oakdale Irrigation District has

a gross area of 74,240 acres, of which 23,321 acres were irrigated in

1929. This district lies on both sides of Stanislaus River in the main
valley and extends into some irregular areas of valley land, within the

generally lower foothill areas. On the south side of the river the Oak-
dale District extends to the boundaries of the Modesto and Waterford
districts. On the north side it extends to the eastern boundary of the
South San Joaquin Irrigation District.

The South San eJoaquin Irrigation District includes 71,112 acres,

of which 54,340 acres were irrigated in 1929. In addition, there were
14,400 acres of nonirrigated crop land Avhich are largely subirrigated.
There is some pumping for drainage. The district covers the areas
below the Oakdale District on the north side of the Stanislaus River.

The lower San Joaquin Valley, as this term is used herein, extends
northwai'd on the east side of the valley to the Cosumnes River,
although it is proposed that the area north of the lands served from
the Stanislaus River shall have deficiencies in water supply met by
diversions from the Sacramento Valley. This area includes the lands
adjacent to Calaveras and Mokelumne rivers. Present development
is nuiinly by pumping from individual wells. The Woodbridge Irri-

gation District includes 33,851 acres of lower lands near the
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Mokelumne River served by canal diversion from that stream of which
6184 acres were irrigated in 1929. The recently organized Linden
Irrigation District of 13,700 acres proposes to secure water from the

Calaveras River. About 6000 acres were irrigated in 1929.

Service from San Joaquin Delta—North of the areas served by
the main San Joaquin River, on the west side of the lower San Joaquin
Valley, are the Tracy-Clover, Naglee-Burk, Byron-Bethany and East
Contra Costa irrigation districts pumping water from delta sloughs,

supplied j)rincipally through Old River, with both Sacramento River
and San Joaquin River waters. These systems pump by multiple lifts

to maximum total heights of about 175 feet in some cases. They serve

practically all of the west side area, up to the elevation of their maxi-
mum lifts, from the vicinity of Tracy to Oakley. A total area of about
28,000 acres was irrigated by these systems in 1929.

In Chapter III, a portion of the main Sacramento-San Joaquin
Delta is listed with areas within the San Joaquin Valley. The gross

area is 279,000 acres and the net irrigable 257,000 acres. Irrigation

development in this area is fully covered in another report.* The
entire area is reclaimed swamp and overflow land. Irrigation water is

obtained either by pumping or siphoning from the channels surround-

ing or adjacent to the various tracts. A large part of the area is

subirrigated naturally. There were 218,800 acres irrigated in the San
Joaquin Delta, in 1929. As the larger part of the water supply for this

area is derived from Sacramento Valley sources, the discussion of its

development and the plans for its future service have been included

in another report.**

Foothill Areas.

There are some irrigated and irrigable areas within the foothills

of the Sierra Nevada adjacent to the lower San Joaquin Valley.

Although there are some lands in the west side foothills that might be

rated as irrigable, as far as soil is concerned, the lack of local water
supplies has prevented development.

The results of a classification of the east side foothill areas have
been presented in Chapter III. These areas all lie above the lands

served by existing diversions for A^alley lands. There is very little irri-

gation in the foothills south of the Tuolumne River. Canals built for

mining and used for some irrigation are now operated mainly for power
purposes and still serving some lands. Such systems include those

now owned by the Pacific (las & Electric Company near Sonora
and by the Utiea Mining Company near Angels Camp. There are also

some smaller diversions for irrigation of the scattered areas of irri-

gated bottom lands along the various local streams. The total area

so irrigated is relatively small. The areas irrigated in Tuolumne,
Calaveras and Amador counties, in 1929, totaled 6100 acres, in accord
with the survey by the State.

* Bulletin No. 27, "Variation and Control of Salinity in Sacramento-San Joaquin
Delta," Division of Water Resources, State Department of Public Works.

** Bulletin No. 26, "Sacramento River Basin," Division of Water Resources,
State Department of Public Works.
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Growth of Irrigated Area.

TIk' ^'I'owtli of irri<>;ation in tlio lower San Joaquin Valley is indi-

cated by tlie census returns, wliieh have been reported by counties. No
means are available for determining what portion of the irrigated areas

of counties lying (mly partially Avithin the basin. should be credited to

other sections. For this reason, no data are included for Sacramento,

El Dorado and Alameda counties, the larger part of whose agricultural

lands lie outside of the San Joaquin River Basin. It is believed, how-

ever, that returns for Merced, Stanislaus, San Joaquin and Contra

Costa counties indicate the general progress of irrigation development
in the lower San Joaquin Valley. The available data are shown in

Table 52.

TABLE 52

GROWTH OF IRRIGATED AREAS IN LOWER SAN JOAQUIN VALLEY, BY COUNTIES
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in the last decade to about the amount irrigated in 1899 and 1909,

showing practically no permanent increase.

GROWTH
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Ground Water Conditions.

Plate XXV, "Lines of E(iual Elevation of Ground Water Table

in Lower San Joa(|uin Valley, Fall of 1929," shows ground Avater

levels for the east side of the valley. Data for showing similar lines

on the west side areas are not available. On the east side of the valley

practically all of the area covered by Plate XXV receives full canal

service. The three principal tributary streams, Merced, Tuolumne and
Stanislaus rivers, cross the area in deep channels cut below the level

of the ground water in the adjacent irrigated lands. These stream

channels act as drains. This is shown clearly by the extension of the

ground water contours up each of these streams. In other parts of

the area, the ground water contours generally parallel the ground
surface contours.

Plate XI shows the zones of depth to ground water for the east

side areas. Ground water is within ten feet of the surface over a large

part of the area. The depth generally in these areas is from five to

ten feet. Depths of less tlian five feet have been largely reduced by
drainage pumping. There has been no ground water lowering due to

overdraft. In recent years such lowering as has occurred has been
beneficial as drainage.

On the west side of the valley, ground water is generally close to

the ground surface in much of the canal served area south of Patterson.

On the higher lands, above the canals, ground water is deeper and of

uncertain quantity. North of Patterson it is sufficiently deep to give

full drainage, except for a few areas along the river. There are few
wells on the higher land and practically all irrigation water is secured

by pumping from the San Joaquin River.
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CHAPTER V

WATER REQUIREMENTS

The uses of water in the San Joaquin River Basin are many.
They include domestic, municipal, irrigation, salinity control, indus-

trial, navigation, power development and recreational uses. Of all

these uses, however, that for irrigation predominates at the present

time and probably will continue to do so. Recreational and navigation

uses result in no actual consumption of water and in most instances

do not alter the regimen of the stream. The use for development of

hydroelectric energy, while altering in some instances the regimen of the

stream, does not consume any water. For domestic service alone, the

unit use within small cities is practically the same as for irrigation.

For industrial and commercial areas in or near municipalities, the

amount of water used may be somewhat larger than for the irrigation

i-equirements for an equivalent area. In this basin, the water require-

ments for present and future ultimate developments have been based

on irrigation use. It is believed that on this basis ample water would

be provided for all uses, except that for salinity control in the

Sacramento-San Joaquin Delta. In the State Water Plan, provision

for that requirement is made primarily from the Sacramento River

Basin.*

There is considerable variation both as to rate and period of use

of water for various purposes. For irrigation, the period of use varies

in different parts of the State. In the San Joaquin Valley, the greater

part of the irrigation demand occurs during the months of March to

October. However, irrigation is practiced in certain sections whenever

water is available, even during the winter months.

Water requirements, for any particular area, vary not only in

amount with the use to which the water is put, and in monthly demand,
but also with the point at which the water is measured. The geographic

position of the source of supply in relation to point of use, methods of

conveyance, the extent of the area and the opportunity afforded for

reuse of water controlled by the topographic, geographic, and geologic

conditions are factors that have an important bearing on water require-

ments. For these reasons, variations in treatment of the problems for

the different areas necessitated the employment of different terms of

use in this report, as follows:

"Irrigation requirement" is the amount of water in addition

to rainfall that is required to bring a crop to maturity. This

amount varies with the crop to be supplied and the point at which
the water is measured. As related to the point of measurement,
it is the "gross allowance," "net allowance," or "net use." These

• Bulletin No. 26, "Sacramento River Basin," Division of Water Resources,
Department of Public Works, 1931.
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terms togetlicr "with llie torm "consumptive use," are defined as

follows

:

"Gross allowance" dosij?iiates the amount of water diverted

at the source of supply.

"Net allowance" designates the amount of water actually

delivered to the area served.

"Consumptive use" designates the amount of water actually

consumed through evaporation and transpiration by plant growth.
"Net use" designates the sum of the consumptive use from

artificial supplies and irrecoverable losses.

Unit Irrigation Requirements.

Irrigation requirements of California lands have been a subject of

study by Federal and State agencies for many years. Much valuable

data on the use of water for various crops under varying climatic and
soil conditions have been collected and compiled. These data have

been published in most instances. The Division of Engineering and
Irrigation, Department of Public Works, made an investigation of irri-

gation requirements of the lands of the State in 1921.* These studies

have been continued by the Division of Water Resources, since the

])ublication of that report. Information on areas in the Sacramento
Valley and portions of the San Joaquin Valley is published in tlie

annual reports of the Sacramento-San Joaquin Water Supervisor.

In arriving at unit values for irrigation requirements of lands in

the San Joaquin River Basin full use was made and consideration

given to all those published and unpublished data. In addition to such

data, however, detailed analyses and studies were made during this

investigation of the use of irrigation water under actual operating con-

ditions on more than one million acres of land in localities extending

from the San Joaquin Delta to Kern River area in the southern end
of the valley. The area on which the uses of water were determined
represents one-half of the present irrigated area in the valley. These
analyses have been discussed and the results thereof set forth in con-

siderable detail for the upper San Joaquin Valley, in Chapter IV.

Information on the other sections is presented later in this chapter.

It should be pointed out that the areas studied are intensively devel-

oped, contain diversified crops, utilize various methods of obtaining

supplies and are representative of practicable irrigation operations.

In estimating the irrigation requirements of the San Joaquin
River Basin, it was divided into four sections; namely, upper San
Joaquin Valley floor, lower San Joaquin Valley floor, foothill areas

and San Joaquin Delta. The requirements for the basin will be dis-

cussed under these headings.

Upper San Joaquin Valley Floor—The upper San Joaquin Valley

is the southern portioji of the valley extending on the east side as far

north as the Chowchilla River and on the west side to a line extending

from Mendota to Oro Loma. In these studies, it embraces hydro-

graphic divisions 1, 2, 3, 4, 5, 5B and 6. It is an area in which the

tributary run-off is inadequate to meet present water requirements

and in which full development will be possible only with importation of

* Bulletin No. 6, "Irripration Requirements of California Lands," Division of
Engineering and Irrigation, 1921.
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water from distant sources at relatively high costs. Along the eastern

side of the valley, the topographic and geologic characteristics of the

basin are such that extensive underground storage capacitj^ is avail-

able. The development of ground vrater supplies, drawn from such

storage, adds to the extent to which the locally tributary run-off may
be efficiently utilized within the area under consideration. Where
adequate ground water storage is available, the required surface inflow

is equal to the net use. On the western slope of the valley, a large

area of land overlies subsoil of such chemical constituents that the use

of shallow ground water would be injurious to irrigated crops. There-

fore, the application of water to these lands would be made on the basis

of actual plant needs and the net allowance would exceed consumptive

use only by the amount of percolation losses within the area. The
inability to recover percolation losses makes it necessary to estimate on

net use without recovery of percolation. This area has extremely

limited local water resources and, if developed extensively, would
require the importation of practically its entire supply.

On the eastern slope of the valley, records, continuous in most
areas since 1921, of the extent of irrigation development effected

through the utilization of surface and ground water supplies, together

with those of the conditions of underground storage, afford the basis

for estimating the average net use. A study of this subject has been

presented in Chapter.IV, based on data collected for all the developed

areas along the eastern side of the valley and covering the period,

1921-1929. These data consist of the annual records of surface inflow,

the areas irrigated and the depths to ground water in some 4000 wells

scattered throughout the region. The following values of net use are

summarized from Chapter IV and are based on present irrigation

practice and use in representative areas intensively developed to diver-

sified crops in the upper San Joaquin Valley

:

Seasonal net use
Area in acre-feet pei' acre

Fresno Irrigation District 1.95
Consolidated Irrigation District 1.90
Alta Irrigation District 1.90
Kaweah River Area 2.17
Deer Creek Area 2.0
McFarland-Shafter Area 2.0

The foregoing figures are supported by a value of about 2 acre-

feet per acre obtained in the Turlock Irrigation District in the lower
San Joaquin Valley, where measurements of surface diversion into the
district, the measured outflow and records of the net area of irrigated

land, made possible the calculation of the seasonal net use per acre.

In making the crop survey for determining the net area of irrigated

land in that district, highways, railroads, county roads, incorporated
and unincorporated towns, main canals, laterals, sublaterals, and build-
ing and minor uncropped areas of more than two acres were excluded.
Private roads and ditches and building and minor uncropped areas
of less than two acres situated within irrigated areas were included.
The net area so estimated equals about 75 per cent of the gross irrigable
area of the district. It is concluded, therefore, that while the net use
value varies for different crops, a reasonable estimate of the seasonal
net use for the types of crops now grown in the upper San Joaquin
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Valley is two acre-feet per acre. In estimating the water requirements
of the upper San Joaquin Valley, this figure has been applied to the
net area of irrigable land in obtaining the average seasonal allowances.

Tliis basis of estimating the water requirement for the area does
not mean that the actual delivery of water upon irrigated land would
be at a uniform rate, or restricted to two acre-feet per acre per season.

On the contrary, it is recognized that, dependent upon the kind of
crop served and the type of soil and subdrainage conditions, seasonal
applications of water vary from a minimum of less than two acre-feet

per acre to a maximum of perliaps as much as 100 per cent in excess of

that figure. In any case, the only water actually used is that which
supplies the needs of plant transpiration and surface evaporation. On
nonabsorptive soils, applications in excess of these needs result in

surface run-off to adjacent lands or drainage systems. On absorptive

soils such excess applications are, to a large extent, accounted for by
percolation losses which constitute one of the principal sources of

replenishment to the underlying ground water. In areas where it is

feasible to recover these percolation losses by ]iumping, the application

of the water so recovered constitutes a reuse of the original supply and
makes for a high degree of utilization, the limit of which is reached

when the net use of water equals the consumptive use. The essential

element of such a plan of utilization is the availability of adequate

underground storage capacity so located that water, drawn therefrom

can be utilized upon overlying or adjacent lands.

Loiver San Joaquin Vallej/ Floor—The lower San Joaquin Valley is

that portion of the valley extending northerly from the upper San Joa-

quin Valley to the southern limits of the Sacramento Valley. It com-

prises hydrographic divisions 7 to 13, inclusive. In Chapter IV, it has

been pointed out that the water supplies for the present extensive irriga-

tion development are generally adequate and dependable. Tliese supplies

are obtained from the San Joaquin River and its east side tributaries,

for the most part, by surface diversions. Pumping from underground
basins is not practiced extensively. Surface supplies are the primary
sources. Pum])ing from wells is supplemental and of secondary

importance in the greater part of tlie area, although the use of ground
water for irrigation in connection with drainage operations is becoming
more important each year. The water requirements, therefore, have

been estimated on the basis of furnishing a full surface irrigation

supjily to the entire irrigable area in the valley.

The unit values of irrigation requirements within the valley vary

with the geographic location and also with the topographic location in

relation to sources of su])ply. These variations will be pointed out

as the ref|uirements for each hydrographic division are presented.

In hydrographic divisions 8, 9 and 11, the unit values for gross

allowance, net allowance and net use have been taken as 3.3, 2.4, and
1.9 acre-feet per acre per season, respectively. These values are based

largely on the results of a detailed analysis of irrigation use in the

Turlock Irrigation District (181,500 acres) under actual operating
conditions for the irrigation season of 1929. In that analysis, full and
complete data were available on diversions, irrigated areas, and return

waters.
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In Hydrographic Division 7, the foregoing values for gross and
net allowances were used for the present irrigated areas on the west

side of the San Joaquin River lying southerly from the mouth of the

Merced River. However, a higher value of 2.1 acre-feet per acre per

year for net use was obtained by using a return flow factor of 35

per cent applied to the figures for gross allowance. For the remain-

ing lands in Hydrographic Division 7, lying on the western side of the

San Joaquin River, unit values of 2.0, 1.8 and 1.6 acre-feet per acre

per season were used for gross allowance, net allowance and net use,

respectively. These values were used also for Hydrographic Division

10, consisting of the uplands lying to the west of the San Joaquin

Delta. The foregoing unit values were deduced from measured diver-

sions and net applications on intensively developed lands now served

by pumping systems of West Stanislaus, Byron-Bethany, and East

Contra Costa irrigation districts.

In hydrographic divisions 12 and 13, the unit values for irrigation

requirements are based on data and information obtained on irrigation

operations in the Mokelumne River area in the investigation made by
the U. S. Geological Survey during the period 1926 to 1929 and pub-

lished in Water Supply Paper 619. In that paper, average weighted

unit values of seasonal quantities of water pumped from wells on 82

different farms are set forth. These values are 1.34 acre-feet per acre

for vineyards and orchards and 3.06 for alfalfa and miscellaneous

crops. These unit values were applied to respective areas of irrigated

crops listed in the 1929 crop survey for hydrographic divisions 12 and
13. The resulting weighted average value was 1.5 acre-feet per acre

irrigated per season. This figure was used as the net use value in esti-

mating the ultimate water requirements. The lands in these divisions

are now irrigated largely by pum])ing from ground water. By assum-

ing surface supply diversions that would result in an annual return

flow factor of about 40 per cent, a gross allowance requirement of 2.7

acre-feet per acre per season was obtained. The seasonal net allow-

ance was estimated at 1.8 acre-feet per acre.

Foothill Areas—In the irrigation of foothill lands, conveyance and
application losses are in general relatively large because of the type of

conduits generally used and of the uneven and sloping character of the

irrigated lands. It is estimated that of the total amount of water
diverted from the streams for irrigation use in the foothill areas, about

40 per cent is returned ultimately to the natural stream channels and is

available for reuse. These conditions have been given full considera-

tion in estimating the irrigation requirements of the foothill areas.

The unit values for irrigation requirements for the foothill areas
are based entirely on data given in Bulletin No. 6,

*

' Irrigation Require-
ments of California Lands," Division of Engineering and Irrigation.

In that bulletin, an average annual net duty of 1.75 acre-feet per acre

is given for the Sierra foothills and rolling plains east and south of

the San Joaquin Valley floor. The area included in hydrographic
divisions 6A, 8A, 9A and that portion of llA in the Tuolumne River
watershed of this report, corresponds in general to the foothill area

set forth in Bulletin No. 6. Therefore, the value of seasonal net use

for these areas has been assumed and taken as approximately the net
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duty or 1.8 acre-feet per acre. Assuming that the figure for seasonal
net use is 60 per cent of the seasonal diversion which is allowing for
40 per cent conveyance and application losses, a figure for seasonal
gross allowance of 3.0 acre-feet per acre is obtained. The seasonal net
allowance for these hydrographic divisions is estimated at 2.4 acre-

feet per acre.

In Bulletin No. 6, the average annual net duty for the Sierra foot-

hills and rolling plains east and west of the Sacramento Valley floor

is given as 1.50 acre-feet per acre. The climatic and soil conditions
of the area included in hydrographic divisions 12A, 13A and that

portion of 11A in the Stanislaus River watershed are more nearly com-
parable with these areas rather than those foothill areas south of
the Tuolumne River. Therefore, in selecting a seasonal value of net
use, the figure of 1.50, the annual net duty for the foothill area east of

the Sacramento Valley floor, was adopted for these hydrographic
divisions. Using a return flow factor of 40 per cent, as for the pre-

viously discussed foothill areas, a seasonal gross allowance of 2.5

acre-feet per acre is obtained. For these particular areas, the net allow-

ance for the purposes of this report is considered to have the same
value as the net use.

San Joaquin Delta—Because of the method employed in irrigating

the lands of the San Joaquin Delta it is impracticable to differentiate

between gross and net allowances and net use. Furthermore, in addi-

tion to use for irrigation, the water requirements for the delta include

also, amounts to meet evaporation losses in the many delta channels,

transpiration from tule and other natural vegetation and evaporation
from levees and uncultivated land surfaces. It is estimated that dur-

ing the irrigation season, the ultimate total net use of water for all

demands on the entire area will average about 2.6 acre-feet per acre,

and the total net use for irrigation only about 2.3 acre-feet per acre.

A full discussion of this matter is given in another report,* to which

reference is made.

Net Irrigable Areas.

Irrigation practice in California has demonstrated that the entire

irrigable area of agricultural land in any particular project is not
irrigated, even in intensively developed areas. In determining the
water requirements for ultimate development of the various sections

of the San Joaquin Valley, this experience has been recognized and it

is not considered necessary to provide a water supply for the gross area
of irrigable land set forth in Chapter III. In addition to minor areas

which are not arable, such as stream channels and natural drains, an
appreciable area is occupied by towns, highways, railroads, county
roads, canals, ditches and incidental farm improvements such as dry
yards, corrals and buildings. Furthermore, the percentage of the
))Oorer agricultural land irrigated in any one year will be less than for

the better lands. Based upon the experience of fully developed organ-

ized districts in the San Joaquin Valley, it has been determined that,

in areas of good land, not over 80 per cent of the gi-oss area will

• Bulletin No. 27, "Variation and Control of Salinity in Sacramento-San
Joaquin Delta and Upper San Francisco Bay," Division of Water Resources, 1931.
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require water. In areas of poorer land the percentages will be smaller.

The following factors have been used for the different classes of valley

land in estimating the respective net irrigable areas:

Lands in Class 1 80 per cent
Lands in Class 2 80 per cent
Lands in Class 3 60 per cent
Lands in Class 4 20 per cent
Lands in Class 5

The foregoing percentages are considered to represent the

maximum areas that will require a water supply under conditions of

ultimate development. Some exceptions from these standards have
been made in certain areas of foothill land, as set forth in Table 19,

Chapter III. The application of the respective percentages to the

gToss areas of irrigable land, presented by hydrographic divisions in

Tables 18 and 19, gives the net irrigable areas set forth in Table 56.

TABLE 56

NET IRRIGABLE AREAS IN SAN JOAQUIN RIVER BASIN BY HYDROGRAPHIC DIVISIONS

For boundaries of hydrographic divisions see Plate VI
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For purposes of making water utilization studies, net irrigable

areas in the lower San Joaquin foothill divisions have been divided
further into areas located above and below the major foothill reservoir

sites, as set forth in Table 57.

TABLE 57

NET IRRIGABLE AREAS IN FOOTHILL DIVISIONS ABOVE AND BELOW
MAJOR RESERVOIR SITES
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an average annual flow of about 2,390,000 acre-feet. The salinity con-

trol requirement for the San Joaquin Valley portion of the delta is

estimated at about two-thirds of the total amount or 1,590,000 acre-feet.

TABLE 58

ULTIMATE WATER REQUIREMENTS OF SAN JOAQUIN RIVER BASIN

Hydrographic division
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Water Requirements Under Ultimate State Water Plan.

In Table 58, are given the ultimate seasonal irrigation requirements

for all classes of irrigable land in the basin. For the upper San Joa-

quin Valley, full development will require importation of water at

relatively high costs. It is believed that service under such conditions

would be justified only for the better lands. Therefore, in evolving a

plan for furnishing a water supply to that region, the area of service

lias been taken to include only lands in classes 1 and 2 and a small

area of Class 3 land suitable for citrus development which could be

irrigated b}'- diversion from Tule River. There are 7000 acres of

Class 2 land in Zone Ic and 22,000 acres of Class 1 land in Zone le

which were not included in the areas of service. These lands are

unfavorably situated topographically with respect to available water
supply. The lands in Zone Ic are more than 200 feet higher in ele-

vation than the canals which serve areas north of Kern River under
the State Water Plan. The lands in Zone le lie at elevations higher

than could be served by a lift of 350 feet above the proposed Kern
River diversion canal around the southern end of the valley. The
remaining areas of classes 3 and 4 lands have not been included in the

area for service under the State Plan for the ultimate development of

the upper San Joaquin Valley. In the lower San Joaquin Valley, a

region wherein water supplies are adequate if conserved, all classes of

irrigable land have been included in estimating the required irrigation

supply. This procedure was followed also in estimating the irrigatioJi

requirements for lands in the Sacramento River Basin.

The net areas and water requirements of lands, included for serv-

ice under the ultimate State Water Plan in upper San Joaquin Valley,
are set forth by hydrographic divisions in Table 60. The areas in the
lower San Joaquin Valley and adjacent foothill divisions are the same
as those set forth in Table 56 and their water requirements, by hydro-
graphic divisions are the same as shown in Table 58. In Table 61,

are summarized by sections the net irrigable area and water require-

ments for the San Joaquin River Basin as provided for under the State

Water Plan. For comparison, similar information is given for the

entire irrigable area in the basin.

TABLE 60

NET AREAS AND WATER REQUIREMENTS OF LANDS INCLUDED FOR SERVICE UNDER
ULTIMATE STATE WATER PLAN IN UPPER SAN JOAQUIN

VALLEY, BY HYDROGRAPHIC DIVISIONS
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CHAPTER VI

MAJOR UNITS OF ULTIMATE STATE WATER PLAN IN
SAN JOAQUIN RIVER BASIN

In the formulation of a plan for the development of the irrigation

possibilities of the San Joaquin River Basin, full cognizance has been
taken of all physical factors relating thereto. These comprise water
resources, irrigable lands, water requirements, storage facilities and
conveyance systems. Some of these factors have been discussed in

previous chapters. In Chapter II, there is presented a complete sum-
mary of the available water resources of the basin for the 40-year period
1889-1929, including the locations, amounts and characteristics of

occurrence of these waters. The classification of the lands as to their

suitability for irrigation is presented in Chapter III. In Chapter V,
an estimate of the water requirements for the full development of the

entire irrigable area of the basin, including salinity control require-

ments in the San Joaquin Delta, is presented.

Relation Between Water Supply and Ultimate Water Requirements.

In order to show a general relation between the available water
supply of the basin and water requirements for full development, the

following data pertaining thereto have been assembled from previous
chapters

:

SEASONAL FULL NATURAL RUN-OFF
In acre-feet

Available to Available to
Upper Lower Total

San Joaquin San Joaquin San Joaquin
Valley VaMey* River Basin

Mean for 40-year period 1889-1929 3,651,200 8,328,800 11,980,000
Mean for 20-year period 1909-1929 3,128,300 7,031,300 10,159,600
Mean for 10-year period 1919-1929 2,527,400 6,019,500 8,546,900
Mean for 5-year period 1924-1929 2,355,700 5,781,300 8,137,000

• Includes run-off of San Joaquin River and delta tributaries.

NET IRRIGABLE AREA OF AGRICULTURAL LANDS
In acres

Upper San Joaquin Valley floor 3,648,000
Lower San Joaquin Valley floor 1,676,000
Foothill areas 380,000

Total, excluding San Joaquin Delta 5,704,000
San Joaquin Delta 257.000

Total San Joaquin River Basin 5,961,000

ULTIMATE WATER REQUIREMENTS
In acre-feet

Gross Net
allowance allowance Net use

Upper San Joaquin Valley floor 7,296,000 7,296,000 7,296,000
Lower San Joaquin Valley floor 4,968,000 3,651,000 3,019,000
Foothill areas 1,062,000 773,000 637,000

Totals, excluding San Joaquin Delta 13,326,000 11,720,000 10,952,000

San Joaquin Delta

—

Irrigation and other uses 824,000 824,000 824.000
Salinity control 1,590,000 1,590,000 1,590,000

Totals, San Joaquin Delta 2,414,000 2,414,000 2,414,000

Totals, San Joaquin River Basin 15,740,000 14,134,000 13,366,000
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Table 62 shows the relation between the available water supplies

and requirements of the various sections in the San Joaquin River
Basin. For the upper San Joaquin Valley, the average annual water
supply for the 40-year period 1889-1929, exclusive of the San Joaquin
River supply which is used chiefly in the lower San Joaquin Valley,

is but 50 per cent of the ultimate average annual water requirement;
for the 20-year period 1909-1929, 43 per cent; for the 10-year period

1919-1929, 35 per cent; and for the 5-year period 1924-1929, 32 per
cent. For the lower San Joaquin Valley and footliill areas, exclusive

of San Joaquin Delta, the water supply is sufficient to meet the require-

ments. However, when San Joaquin Delta requirements are added,

the average annual water supply, for the 40-year period only, comes
close to meeting the gross allowance requirement, and the average for

the 5-year period is less than the net use requirement. For the entire

basin, the average annual water supplies for the 40-year, 20-year, 10-

year and 5-year periods are 76, 65, 54 and 52 per cent, respectively, of

the gross allowance requirement. The corresponding values in per cent

of the net use requirement are 90, 76, 64 and 61.

TABLE 62

AVAILABLE WATER SUPPLY AND ULTIMATE WATER REQUIREMENTS
SAN JOAQUIN RIVER BASIN



SAN JOAQUIN RIVER BASIN 193

floor and adjacent foothills. This supply, togetlier with supplies from
the Sacramento River, in several recent years have been insufficient

to meet the water requirements in the delta and the water in the delta

channels has been rendered unfit for irrigation purposes in the summer
and fall months by invasion of saline water from upper San Francisco
Bay.

The full utilization of all of these available water supplies is not
possible of accomplishment. The degree of utilization is limited by
many factors, among which are : the availability of surface storage
reservoir sites, the utilization of which involves evaporation losses ; the
availability of utilizable groundwater reservoirs; the distance between
sources of supply and areas of use, and consequent conveyance losses;

and the geologic and topographic conditions which are controlling

factors in the extent to which water applied in excess of net use can be
recovered for reuse. As will be demonstrated in Chapter VII, it is

physically feasible to utilize about 85 per cent of the run-off of the San
Joaquin River Basin streams under conditions of ultimate development.
This high degree of utilization requires proper coordination of all neces-

saiy physical works ; namely, surface reservoirs, underground reser-

voirs, conveyance channels and other works for the diversion of return
flows in stream channels for reuse. Therefore, it is obvious that the
water supply of the San Joaquin River Basin falls far short of ultimate
irrigation requirements and any plan for the ultimate irrigation devel-

opment of the basin must be predicated on the importation of large
volumes of water from an outside source of supply.

Source of Supplemental Supply.

It has been demonstrated in analyses presented in another report*
that, by the utilization of the proposed ultimate physical Avorks of the
State Water Plan in the Sacramento River Basin including the Trinity
River diversion, regulated supplies, without deficiency in amount and
dependable in time, could have been made available in the principal
streams during the dry period 1918-1929, to irrigate all of the net irri-

gable area in the Sacramento Valley, after allowing gross diversions for
the irrigation of all of the irrigable foothill and mountain valley lands
in the Sacramento River Basin. The analyses also show that there
would have been a large surplus of water in every year, over and above
all needs in the basin above the Sacramento-San Joaquin Delta.

Table 63 shows, for the Sacramento River Basin, the amounts of
water contributed from the reservoirs and from unregulated run -off, the
gross requirements for valley lands above the delta, the return flow
from valley and from foothills not tributary to the reservoirs, and the
remaining surpluses available in the delta in the maximum and mini-
mum years and an average for all years during the 11-year period
1918-1929.

The total ultimate average annual requirement for the Sacramento-
San Joaquin Delta, including salinity control, would amount to about
3,590,000 acre-feet. A portion of this would be contributed by water
from the San Joaquin Valley streams. However, if the entire amount
had been obtained from Sacramento Valley waters during the 11-year

* Bulletin No. 26, "Sacramento River Basin," Division of Water Resources 1931.

13—80997
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period 1918-1929, there still would have been surpluses in the maximum
and minimum years of 11,399,000 and 2,164,000 acre-feet, respectively,

and an average annual surplus for the period of 6,702,000 acre-feet.

The Sacramento River Basin is the only available practicable source of

supply for exportation to the San Joaquin River Basin.

TABLE 63

SURPLUS WATER IN SACRAMENTO RIVER BASIN

Exclusive of Sacramento-San Joaquin Delta Requirements

Item

Releases and spill from major reservoir units and unregulated
run-off. -

Gross requirements for lands on Sacramento Valley floor.

Surplus from releases and spill and unregulated run-off

Return water—from valley floor

Return water—from foothills not tributary to reservoirs

Total surplus available in delta

Amount of water, in acre-feet

Maximum
year, 1927

19,837,000

9,033,000

10,804,000

3,843,000
341,000

14,988,000

Minimum
year, 1924

10,608,000

9,033,000

1,575,000

3,843,000

341,000

5,759,000

Average annual,

for period

1918-1929

15,141,000

9,033,000

6,108,000

3.843,000

341,000
10,292,000

Ultimate Water Service Areas and Water Requirements Under State Water
Plan in San Joaquin River Basin.

The ultimate development of the San Joaquin River Basin will

require the importation of available surplus water supplies from the

Sacramento River Basin. For the upper San Joaquin Valley, where
supplies from outside sources will be required, the cost of such importa-

tion would be relatively high and in general would exceed that of devel-

ing local sources of supply. Therefore, it has been assumed that, under
conditions of ultimate development, the maximum practicable utiliza-

tion of all local sources of supply will be made and service will be

ju.stified only for the better lands. In evolving that portion of the State

Water Plan pertaining to the furnishing of a water supply to the upper
San Joaquin Valley, the area of service was taken to include only lands

in Classes 1 and 2, and a small area of Class 3 land suitable for citrus

development which could be irrigated by diversion from Tule River.

Hydrographic divisions and zones of water service are delineated on
Plate VI. There are 7000 acres of Class 2 land in Zone Ic and 22,000

acres of Class 1 land in Zone le which were not included in the areas of

service. These lands are unfavorably situated topographically vdth

respect to available water supply. The lands in Zone Ic are more than
200 feet higher in elevation than the canals which serve areas north of

Kern River under the State "Water Plan. The lands in Zone le lie at

elevations higher than could be served by a lift of 350 feet above the

proposed Kern River diversion canal around the southern end of the

valley.

In the lower San Joaquin Valley, all classes of irrigable land have
been included in estimating the required irrigation supply. This pro-

cedure was followed also in estimating the irrigation requirements for

lands in the Sacramento River Basin. The service area and ultimate

water requirements of the San Joaquin Delta have been discussed in

Chapter V. The requirements of the Delta are to be met by storage

development in the Sacramento River Basin. Plans for making this
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required supply available are discussed in other reports.* Table 64
sets forth, by hydrographic divisions, net service areas and seasonal

water requirements of all lands to be supplied by the ultimate State

Water Plan in the San Joaquin River Basin, excluding the San Joaquin
Delta.

Although irrigation requirements have been the primary con-

sideration in the study of the utilization of available supplies and the

design of a system of physical works to effect such utilization, the

requirements for domestic, municipal and industrial water supply, flood

control, power development and navigation also have been considered
in the formulation of that portion of the State Water Plan pertaining
to the San Joaquin River Basin. Flood control and navigation features

of the plan are discussed and presented in Chapters IX and X, respec-

tively. The pro\'isions for domestic, municipal and industrial water
supply and power development features are presented with the discus-

sions of the various units to which they are incidental.

TABLE 64

ULTIMATE WATER SERVICE AREAS AND WATER REQUIREMENTS UNDER STATE
WATER PLAN IN SAN JOAQUIN RIVER BASIN, EXCLUDING SAN JOAQUIN DELTA

BY HYDROGRAPHIC DIVISIONS

For boundaries of liydrographic divisions, see Plate VI



196 DIVISION OP WATER RESOURCES

Fundamental Elements of State Water Plan.

The basic objective of the State Water Plan is to provide and
operate works for the conservation, development, control, utilization

and distribution of the waters of the State so that all areas within the

State, when completely developed, might have adequate water supplies

for all uses and flood protection. Provision would be made for

domestic, municipal, industrial, irrigation, mining and recreational

water requirements, improvement of navigation on navigable streams,

flood control, control of salinity and power development.

In the formulation of the plan, the following economic principles

are recognized as fundamental :

1. It should be formulated with a long time viewpoint.

2. It should be a progressive development with the various units

constructed only as necessity demands.
3. It should be in consonance with present rights and interests as

far as practicable so as to result in the least possible interference

with existing agencies and their operations.

4. The water requirements of all interests must be given considera-

tion.

5. Accruing benefits must far outweigh the damages which might
result from the execution of the plan.

6. The fullest practicable utilization of both local and imported
waters should be made, particularly in areas of deficient water
supply.

7. The initial units constructed for the rehabilitation of agriculture

should now be extended only to developed areas of deficient local

water supply.

8. Units of initial development should be so planned that they can
be enlarged and extended at the minimum expense to allow for

expansion as economics dictate and that they are in accord with

an ultimate plan of development.

9. The plan should be so formulated and carried out that the

greatest benefit will be obtained at the least cost.

The basic features included in the plan for the Great Central

Valley are storage reservoirs, both surface and underground, and
natural and artificial conveyance channels. Surface reservoirs would
be constructed on the major streams and operated to equalize the erratic

run-off in the interest of all desired purposes and uses. Hydroelectric

power plants would be installed at those dams where such development

would be justified in order to assist in defraying the cost of all features

of the plan. Underground reservoirs, where available, would be utilized

to the fullest practicable extent. Conveyance channels, both natural

and artificial, would transport water supplies from areas having a sur-

plus to areas of deficiency.

The proposed plan provides only the major unit« for storage, con-

veyance and utilization. In addition to these major units of the State

Water Plan, many storage reservoirs, distribution canals and laterals,

pumping plants and other works, both already constructed and to be

constructed, would be required and utilized to provide for the full

practicable conservation, regulation, distribution and utilization of the

water resources.
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Major Units for Ultimate Development in San Joaquin River Basin.

The physical works of that portion of the State Water Plan for the

ultimate development of the San Joaquin River Basin are designed to

provide for:

1. The fullest practicable utilization, through the combined means
of surface and ground water storage, of all water supplies tribu-

tary to the San Joaquin River Basin.

2. The storage and regulation of main San Joaquin River water

and its diversion to and utilization in the area on the east side

of the upper San Joaquin Valley.

3. The conveyance and distribution of surplus Sacramento River

Basin water, made available by storage and regulation with the

major units of the State Water Plan for the Sacramento River

Basin, to provide for that portion of the water requirements of

the San Joaquin Valley which can not be met by the fullest

practicable utilization of local water supplies.

•i. The substitution, for the main San Joaquin River water now
used on lands north of Mendota which the plan proposes to

divert to the east side of the upper San Joaquin Valley, of

imported Sacramento River Basin water and return flow waters

of the lower San Joaquin River tributaries.

5. The conveyance and distribution of imported Sacramento River

Basin water and return flow waters of the lower San Joaquin
River tributaries to undeveloped lands along the west side of the

San Joaquin Valley, north and south of Mendota.

In the remainder of this chapter, the major units of the plan for

the San Joaquin River Basin, designed in accord with the foregoing

provisions, are discussed under the following headings

:

1. Surface storage reservoirs.

2. Underground reservoirs.

3. Conveyance units.

The location of these units are shown on Plate XXVI "Major Units

of State Plan for Development of Water Resources of California."

The major units of the State Water Plan in the Sacramento River
Basin which, by storage and regulation, would provide surplus waters
in excess of the full requirements of the Sacramento River Basin for

[importation to the San Joaquin Valley, are described in detail in other

reports.* They comprise ten surface storage reservoirs on the Sacra-

[mento River and its tributaries and one on the Trinity River with a

diversion conduit into the Sacramento River Basin, with an aggregate
storagre capacity for the eleven reservoirs of 12,687,000 acre-feet.

Detailed data on the operation and accomplishments of these reservoirs,

1

particularly as to the amounts of surplus water made available for

[importation to the San Joaquin Valley, are presented in the reports

cited and are summarized in Chapter VIT. Since the ultimate develop-
ment of the San Joaquin River Basin is materially dependent upon the
furnishing of substantial amounts of Avater from the Sacramento River

* Bulletin No. 25, "Report to Legislature of 1931 on State Water Plan," Division
of Water Resources, 1930.

Bulletin No. 26, "Sacramento River Basin," Division of Water Resources, 1931.
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Basin, the major units of the State "Water Plan for the Sacramento
River Basin, as described in detail in the reports cited, are considered

to be an essential part of the plan for the San Joaquin River Basin.

The units in the two basins are interrelated and interdependent in their

operations and accomplishments and taken together constitute a unified

plan of development for the entire Great Central Valley Basin.

In addition to tlie major units of the State Water Plan for the

Great Central Valley proper and combined therewith as a part of the

Great Central Valley Project, provision is made for furnishing the

immediately adjacent San Francisco Bay Basin with required supple-

mental water supplies from Great Central Valley sources by conveyance
units extending from the Sacramento-San Joaquin Delta channels into

the San Francisco Bay region. Conveyance units for this purpose are

described in another report,* and other conduits either could be or have
been provided. The city of San Francisco has nearly completed a con-

duit from the Hetch Hetchy watershed on the Tuolumne River to pro-

vide a municipal and domestic supply for San Francisco and adjacent
territories, which will have an ultimate capacity of 400,000,000 gallons

daily. The East Bay Municipal Utility District has already completed
and is operating a conduit bringing in water from the Mokelumne River
to the cities in the East Bay territory for municipal and domestic
supply. The proposed ultimate capacity of this conduit is 200,000,000
gallons per day. Allowance has been made in the studies of water
supply and utilization in the Sacramento and San Joaquin River basins

for the ultimate exportation of these amounts of water to these San
Francisco Bay metropolitan areas.

SURFACE STORAGE RESERVOIRS

The major surface storage units of the ultimate State Water Plan

for the San Joaquin River Basin are thirteen in number, located gen-

erally immediately above the rim of the valley in the lower foothills.

Salient physical data on these reservoir units, having an aggregate

storage capacity of 5,130,000 acre-feet, are presented in Table 65.

The methods of operation of those reservoirs, the water yields

obtained and the accomplishments effected are presented with the

discussion of each reservoir in this chapter and further elucidated in

Chapter VII. In selecting the locations and sizes of the surface storage

units, careful consideration and study wore given to the accomplish-

ments sought or desired and the physical and economic limits of devel-

opment. The objective was to oljtain the maximum resulting benefits

at minimum costs. Analyses Avero made of reservoirs at various sites

on each major stream to determine the most feasible location and
economic capacity for the purpo.ses to be served. This procedure

involved the preparation of cost estimates, both capital and annual,

and analy.sos of water yield foi- each site and capacity investigated.

For those reservoirs where hydroelectric power jiroduction appeared
advantageous the economic installations of the power plants also were
carefully considered.

Tho ostimatos of cai)ital cost were prepared in considerable detail,

based on pi-ieos of materials and labor as of 1929 and 1930. Unit prices

Bulletin No. 28, "Economic Aspects of a Salt Water Barrier Below Confluence
of Sacramento and San Joaquin Rivers," Division of Water Resources, 1931.
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for the ultimate exportation of these amounts of water to these San
Francisco Bay metropolitan areas.

SURFACE STORAGE RESERVOIRS

The major surface storage units of the ultimate State Water Plan
for the San Joaquin River Basin are thirteen in number, located gen-

erally immediately above the rim of the valley in the lower foothills.

Salient physical data on these reservoir units, having an aggregate

storage capacity of 5,130,000 acre-feet, are presented in Table 65.

The methods of operation of these reservoirs, the water yields

obtained and the accomplishments effected are presented with the

discussion of each reservoir in this chapter and further elucidated in

Chapter VII. In selecting the locations and sizes of the surface storage

units, careful consideration and study were given to the accomplish-

ments sought or desired and the physical and economic limits of devel-

opment. The objective was to obtain the maximum resulting benefits

at minimum costs. Analyses were made of reservoirs at various sites

on each major stream to determine the most feasible location and
economic capacity for the purposes to be served. This procedure
involved the preparation of cost estimates, both capital and annual,

and analyses of water yield for each site and capacity investigated.

For those reservoirs where hydroelectric power production appeared
advantageous the economic installations of the power plants also were
carefully considered.

The estimates of ca])ital cost were prepared in considerable detail,

based on prices of materials and labor as of 1929 and 1930. Unit prices

* Bulletin No. 28, "Economic Aspects of a Salt Water Barrier Below Confluence
of Sacramento and San Joaquin Rivers," Division of Water Resources, 1931.
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TABLE 65

ULTIMATE MAJOR SURFACE STORAGE UNITS OF STATE WATER PLAN IN
SAN JOAQUIN RIVER BASIN

Reservoir
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The estimated annual cost for each reservoir unit comprises interest

and amortization on capital investment, and depreciation, operation
and maintenance of physical ^vorks. The bases used in estimating the
annual costs are as follows

:

Interest on capital investment, in per cent 4.5
Amortization of capital investment (40-year bonds on 4 per cent sinking fund

basis) in per cent of capital cost 1.05

Depreciation

—

Dam and reservoir, in per cent of capital cost 0.3
Power plant (40-year sinking fund basis at 4 ijer cent) in per cent of

capital cost 1.05

Operating expense and maintenance

—

Dam and reservoir, in per cent of capital cost 0.15
Power plant $10,000 plus $0.65 per kilovolt ampere of installed capacity.

Nashville Reservoir on Cosumnes River.

The dam site for the Nashville reservoir on the Cosumnes Kiver is

located just below the confluence of the main river and Big Indian
Creek in the northwest quarter of Section 14, Township 8 North, Range
10 East. M.D.B. and M., about five miles northerly from the town of

Plymouth, in Amador and El Dorado counties. The reservoir would
be of trifurcated shape, extending up the main river, North Fork and
Big Indian Creek.

Two lower reservoir sites—one at Wisconsin Bar and the other at

Michigan Bar, were investigated, but it was found that their potential

capacities were inadequate to give proper regulation. The Nashville
site was found to be the most favorable although it has a somewhat
smaller watershed. The bulk of the run-off (about 93 per cent), how-
ever, originates above the Nashville site.

The drainage areas on the Cosumnes River watershed, above Nash-
ville dam site, are segregated by zones of elevation as follows:

Area above elevation 5000 feet 84 square miles
Area between elevations 2500 and 5000 feet 212 square miles
Area below elevation 2500 feet 139 square miles

Total area above Nashville dam site 435 square miles

Present Developmejif on Cosumnes River—Development both
above and below the Nashville site is relatively small. No power plants
have been constructed. Several ditches originally constructed for min-
ing purposes divert water above the Nashville site for irrigation and
domestic purposes. The total quantity of water diverted is small in
comparison with the run-off of the watershed. The Enterprise Ditch,
which heads on the Middle Fork, diverts water also from the South
Fork and from a number of minor streams which it crosses on its way
toward the town of Pl.vmouth. The Crawford Ditch diverts water from
Camp Creek below its junction with Sly Park Creek and serves certain
scattered irrigated areas on the ridge between Webber Creek and the
Cosumnes River, in the vicinity of El Dorado. The North Fork Exten-
sion Ditch diverts water from the North Fork just below its junction
with Steeley Fork and supplements the supply of Crawford Ditch.

On the lower reaches of the river, certain riparian owners have
irrigated farm lands for many years. Diversions are usually made by
means of low dams. Also, lands adjacent to the river are flooded
during high river stages. The Cosumnes Irrigation Association, a
private company, has constructed diversion works about 1.5 miles
below Michigan Bar and also a ditch running some six miles west, for
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the irrigation of certain riparian lands, about 1000 acres of which
have been irrigated np to the present time. Small pumping plants

are used at many points during the summer months. The total diver-

sion capacity of riparian owners is estimated as 300 second-feet. No
information is available as to quantities actually diverted.

Water Siipply—The water supply considered as available for

regulation would comprise the run-off of the Cosumnes River above
the Nashville dam site after subtracting the gross diversions for certain

lands in the American River Basin and all those to be ultimately

irrigated above the reservoir, and adding the estimated return flow

from the diversions within the Cosumnes River watershed above the

reservoir. The net reservoir evaporation loss is estimated at 3.5 feet

depth per season on the reservoir surface. For the 40-year period

1889-1929, it is estimated that the average seasonal ultimate net run-off

would have been 290,000 acre-feet.

Reservoir Site, Capacity and Yield—A contour map of the reser-

voir site, scale one inch equals 2000 feet, was prepared b}^ Stephen E.

Kieffer from a survey made by him in 1925. A plane table survey of

the dam site, scale one inch equals 200 feet, was made by the State in

the same year. Table 67 sets forth areas and capacities for various

heights of dam.
TABLE 67

AREAS AND CAPACITIES OF NASHVILLE RESERVOIR

Height of dam,
in feet


