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LETTER OF TRANSMITTAL

January 1, 1927.
1'0 the Members of the Leg'islature,

State of California,
S ession of 1927.

In accordance with Chapter 477 of the 1925 Statutes, I
have the honor to transmit herewith the concluding report
011 six years of investigation of the water resources and of
the present and future requirements for water in Cali­
fornia.

As the result of this extensive study, a plan has been
prepared for coordinating the development and use of
water for all purposes to secure the greatest public advan­
tage. 'I'his plan is presented as the most feasible engineer­
ing solution for the coordination of the several uses of
water and the means by which California may obtain the
water necessary for future development.

The plan is very broad in its scope. It deals primarily
with the larger areas deficient in local supply that require
the importation of water from distant sources for their
full development. It is necessarily based upon the bene­
ficial use of all water. It involves many problems of exe­
cution that could be considered at this time only to the
extent necessary to produce an engineering plan with
minimum difficulty in other respects. No attempt has
been made to indicate the adjustments that would have to
be made with vested righta and existing uses of water.
These and other problems are of such complexity and
magnitude that their solution can he r eached only through
the cooperative effort of all those interested in the develop­
ment of the state. The facts are presented, therefore, in
order that the advantages of adopting this coordinated
plan may be weighed with the probable cost and other
difficulties and appropriate action be taken.



In conclusion it is my desire to call to your attention the
great value received by the state from the services of the
consultants to these investigations. Eminent in their pro­
fession and mature in experience and judgment, these men
have given much time from their busy lives at nominal
compensation in order that the state may have f01' its use
the best the engineering profession may offer. I am encl os­
ing herewith a letter in which this Committee has
expressed a thought pertinent to the coordinated plan so
well taken that it should be yours in its original statement.

Respectful]y submitted.

Director of Public 'Yorks.



LETTER FROM ENGINEERING ADVISORY
COMMITTEE.

Dec ember 30, 1926.
DIRECTOR OF P UBLIC WORKS~

Sacramento, Califont1~a.

DEAR Sm: After six years of association with the Divi­
sion of Engineering and Irrigation in the discusson of the
problems arising in the investigation of the water
resources of California, this Committee feels that it should
at least record its good impression of the efficient manner
in 'which the entire program of investigation has been
organized and car r ied out by the Division. Seldom has
su ch an intensive study been made over a long period of
time with the thoroughness, efficiency, and complete coop­
eration of all interests concerned, as has been accomplished
in the work described in the accompanying report and its
appendices. 'I'he plan which lias been evolved is one of
great magnitude and complexity, serving as it does irriga­
tion, domestic water supply, power devel opment, naviga­
tion, flood control, hydraulic mining and the prevention
of the encroachment of salt water in the delta of the Sacra­
mento and San Joaquin Rivers.

It is the opinion of the Committee that the re sults of the
studies as set forth will be of exceedingly great value
to the future progress of the state. However, the Com­
mittee feel s that it would be lacking in candor if it did not
point out at this time that the value of su ch a plan depends
entirely upon its ultimate completion and operation as out­
lined, no matter whether constr ucted by private interests,
by the state 01' federal governments , or by any combina­
tion of them.

In order to obtain the benefits of coordination which is
the essential feature, it is necessary that the plan be
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adopted as a whole and a policy be devised that will insure
its progressive execution in harmony with existing, pend­
ing, and future local projects, and that when completed,
the whole be operated in accordance with the method out­
lined. With such a policy adopted construction may pro­
ceed by units.

Respectfully submit ted.



II

PERSONNEL OF ADVISORY COMMITTEES.

'I'Iiis r eport Las been prepare d in cons ultation with a
committee of engineers who have advised in the prepara­
tion of the " Coor dinated PIau. " Most of the members
have served through the entire six years of investigation.
Also, complete coope ration with federal and state offices
has obtained through the entire period. In this r egard, \
it is desired to mention, especially, Lieutenant-Colonel U.
K Grant, III, formerly member and secretary of the Cali­
Iornia Debris Commission and District Engineer, Second
District, U. S . Federal Engineers, who made many help­
ful sug ges tions. During the last two years , Major C. S.
Ridley, member and secretary of the Cali fo rnia Debris
Commission, successor in office to Lieutenant-Colonel
Grant, Mr. F . E. B onn er, District Engineer, U. S. Forest
Service, r epresenting the Feder al P ower Commission in
California, and Mr. 1..1. S. R eady, Ch ief Engineer of the
State R ai lroad Commiss ion, have at tended the committee
meetings and entered into their discussion. The entir e
«ouuni ttec membership is

LOUIS C. HILL

.T. B . LIPPDWOTT

W 1\1. MULROLLAND

A. J . CLEARY

G. A. ELLIOTT

Coope rating with committee

F . E . BONNEH

-L. S. READY

B. A. E TCH EVERRY

F . C. HERRMANN

,VALTER 1..1. H UDER

A. KEMPKEY

U. S. RIDLEY



]~ SUADIARY REPORT.

The survey of the water resources of the state, pub­
lished as Bul. No.5, "Flow in California Streams," was
made in consultation with

C. E. GRUNSKY

J-lOUIS C. HrLL
CHARLES D. MARX

H. D. MCGLASHAN

]£~timatesof the water required for the full development
of the state's resources, published as Bul. No.6, ""'Yater
Requirements of California Lands," were prepared in
consultation with

A. N. BURCH

B. A. ETCHEVERRY

SAMUEL FOR'l'IER

A. L. SONDEREOGER

'I'he first report on these investigations rendered to the
:192:3 Legislature and published as J3ul. No.4, "Water
Hesourees of California," was prepared with the ad vice
uf 11. citizens committee appointed by Governor Stephens,
as follows:

J.C.FORKNE~Chah1nm&

PETER COOK

.IONATHAN S. DODOE

H. A. ETCHEVERRY

HARRY RAWDOO))

H . A. KLUEGEL

ROBERT B. MARSHALL

H . D. MCGLASHAN

O. B. 'I'our
U. S. VVEBB
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ORGANIZATION.

The investigation of the water resources of California
and the preparation 0 f the r eports thereon ha ve been
planned, di rected a nd brought to completion by

PAUL BAILEY,

l iirecto r of Public lVo rks and Chief of the /) ;'I' i.«ion. of
Engineering and Irriotuion.

Acknowledgment of th e services rendered by those who
ass iste d in th e p repar ation of previous reports submitted
to th e Legislatures of 1923 and 1925 Las been expressed
in those reports.

'I'his, the summary report on the water resources of
California and a coor dinated plan for their development,
has heen prepared with the aid of

.A. D . ED:MOXSTOX, Prin cipal Aesistunl,

Chief Assistants.

'r. B. , V ADDELT,

\v». S. POST

A. N. Bunorr
UEHALD .J aXES

PERCY JON ES
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CHESTER MARLTA VI-:

.r. .T. HALEY, JR.
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FOREWORD,

'I'his report, with it s appendices, completes an investi­
ga tion of the 'Vater R esources of Cali fo rnia commenced in
1921, It comprises a sur vey of water supplies and flood
flows through out the state, a determination of th eir char ­
act eristics, an estimate of the present and f utu re needs for
water, and the formulation of a comprehensive and cocr di­
nated' plan for future development that will insure ade­
quate water supplies for all purposes. R eports have
already been rendered upon the work of th e first four
years. The material nnd data comprising this r eport arc
~'O voluminous that only a summary sta tement is contained
herein. Details are given in separate volumes, appendices
to this report, being prepared for p ublication as bulleti ns
of the Division of E ngineer ing and Eri-igutiou, ent it led,
..IS fo llows :

Bul, 13-"Tbe Development of the Upper Sacram ento
River. "

Bul , 14--"Tbe Contro l of Floods by R eservoirs. "

Bul. 15-"Tbe Coor dinated Plan of 'Yater Development
in the Sacramento Valley."

Bul. 16-"'1'be Coor dinated Plan of 'Vater Developmen t.
in th e San Joaquin Valley."

13u1. 17--"'1'be Coordinated Plan of 'Vater Developm ent
in Southern California."

Other bulletins pertaining to these investigations that
have been published prior to this report are :

13111. 4- "'Vater R esources of Oalifor niu." (A report
to the Legislature of 1923 0 11 the fir st two
years of inv estigati on. )
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Bul, 5-" Flow in California Streams."
Bul. G-",Yater Requirements of California Lands."
Bul. 9-"A Supplemental Report on the Water Re-

sources of California." (A report to the
Legislature of 1925.)

BuI. 11-"Ground Water Resources of the Southern San
.Joaquin Valley."

'I'he first appropr-iation for these investigations was
made hy the Legislature of 1921, Chapter 889 of the 1921
Statutes, in the amount of $200,000. This resulted in the
publication of bulletins Nos. 4, 5, and 6. These contain a
complete inventory of all the waters within the state's
boundaries, an estimate of the future needs of water for all
purposes, and a preliminary comprehensive plan for ulti­
mate development that will secure the greatest public
service from the state's limited water supply.

No provision was made for the continuance of the inves­
tigations by the 1923 Legislature hut at the urgent request
of the farmers of the southern San Joaquin Valley, the
Chambers of Commerce of San Francisco and Los Angeles
advauced $90,000 for the study of a first unit of the com­
prehensive plan that would relieve the stress in a section of
the state most in need of an imported water supply. With
this money, works were planned that would transport the
surplus waters of the Sacramento drainage basin into the
San J oaquin Valley aud make a new supply available for
tho southern half of the valley. An account of this work
is published in Bulletin No, 9, a report to the Legislature
of 1925.

Chapter 477 of the 1925 statutes made $150,000 available
to the Division for continuance of the work. With this
money, the accompanying report and its appendices were
prepared,' concluding the investigation of the water
resources of California.
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S'l'A'l'UTES OF H)~1.

An act to provide for the investigation by the State of Californ ia of the possibilit ies
of the storage , control and d ivers ion of water for public use and pubt l c
protection in the State of California, and making an appropr iat io n for sa id
pu rpose ,

[ A p proved June 3, 1921.]

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

S~;CTJON 1. It is her eby decl a red that the people of the State of Culi forni n huve
a para mount In terest in the use of all the waters of the s tnt e and that the S ta te
of Cali for nia sh a ll determ ine wh a t wa ters of the st ate, su rface and und e rg ro und ,
ca n be con vert ed to public nsr-. or coutrolled fO I' pu bl ic protect ion.

S EC. 2 . The state engineer ing depa rtment is hereby uut ho r lzcd an d instructed to
I,Htkc t1 1l~ inves tign tion in th is ru -t pro vide d for an d for th e purposes he rein spec ified,

SEC. ;-J . It sh ull be th e duty of t he sta te cncinoer lug de pa rt ment to detcrminr­
t he ma xi mum am oun t of wate r whi ch ca n be de livered to t he max imu m a rea of land.
th e maximum con tro l of flood wa ters, t he maximum storage of wa ters. th e effects o f
deforestati on a nd nil possibl e and pruet icuble uses fo r such wa ters in t he Sta te
ef California.

SEC. 4. It sha ll be th e du ty of the state cn;.-: incc'rinp; depa rt ment to detcrrn ino
a «omp reheus ivo pla n for th e nee om plishr uon t of the maxim um con sorvu tion, eon tro l.
s to rage , di stribution and n ppli ea ti on of a ll the wa ters of t he s ta te, an d to esti ma te the
cos t of cons t r ucting dams, canals , resc rvotrs or ot her works necessary in ca rrying
ou t this plan, a ud to rep or t t he resul t of su ch in vost ignt ions wi th reco rnmcn dut ions
not later than t he legisl uti ve session of ] n23.

S~;c. 5. In ca rrving out the provisions of t h is act t he s tate I'II;d nee rin lr rlr-pnr t­
men t is her eby uu th or iznd to examine any and all da ta . ost hnn tes and proposa ls i ll
furtheran ce of th e a bove pu rpose. according to its jn rlgrnen t of th nir eng inee ri ng
wort h. a nd to coope ra te wit h a ny departmen t, burea u , office, service, or divisio n
of th o Un ited States, 0 1' of th e S tate or coun t ies , o r with nu,r municipa li ty. hrizu­
ti on . n-r-ln mntlon , conse rvat ion, drn in ugo, flood control, levee, 0 1' o t her distri ct a ;!eney
for irrignti on, recl amation , dr a inage, 0 1' flood control purposes, or for th e dev elopment
of hyrl m- l'jpetrie pnwer: or with any in terested asso ciation, eOID[j'1l1y or indiv idual ;
nro rutrd, f ur ther. t hat t he engi nper i ll~' dcp urtmen t is herehy exp res sly autho rized t n
accep t, receive and usc any fund s or moneys cont ri bu ted to it by any person, irriga ­
t ion dis tri ct, reclam a f ion dist ii ct, wn tel' an d conservnt iou dis t ri ct or an y polit ica l
subdiv is ion of t he Stu to of Cu lifcrni u for th e purpose of cooperat in g in the work
aforesaid lind eurrylng out th e purposes of this ac t.

SEC, U. ,nth th e ap proval of th e ;:'o\,prnOI', tho sta te eJl~ i llee ri n ;! depart ment is
hereby nu thorized to em ploy such assistance as in its j tllk men t it may requi ro " lin
to ' incu r such oxpcnse as may be necessa ry to ca r ry ou t t he pu r poses of this ae l_
The ,goycrnor is fur t her a ut hori zed to appoint u cousul ting boa rd, composed of
r-i t ize ns of spec ia l a nd technica l qualificat ions. to serve ill an udv iso ry cupncitv, a nrl
withou t pay, in Junking the a bo ve in vestiza t ion .

SEC", 7. Ther c is hercbv appropriated out o f unv money in th e st a te t reusnrv ,
not otherwise approp riated, th e sum of two hundred th ousand dollars, an n made
immedin tely av aila ble for unv of the purposes of this act.

SEC, 8. This act shu II 1I0 t. in any wa,\' be r-onst r ued so as to dp"ri ve persons,
«orpora tions, or dis t r icts of vested ri ah ts .

SEC. n. Any sect ion OJ' po rt ion of II secti on of any act. su itu t» or la w of Ihe
::-:tate of California in confli ct. with th e provisions of this act is her eby repealed .

•
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CHAPTER 477 .

S'1'ATUTES OF 1!)~5.

19

An act to provide for the invest igation by the State of California of the poss ibilitieS
of coordina ting the development of the water resources of the state for public
p rot ect io n and t o the end that they may be put to the greatest beneficial use ,
and mak ing a n appro pr iation for said purpose.

[I objec t to th e ite m of t ,YO hundred fift y thousand dolla rs In section 9 an d reduce
tile am ount to one hundred fift y th ousand dollars. Wi th th is reductIo n 1 ap prove the
bil l. Da ted: "Ial' 2 :;. 19 25 . l i'Rn;:O:D W~I. RICHARDSON, Gover ·lIo, '.]

The peop le of the St a t e of Californ ia do e nact a s follows:

SI':CTIOX 1. It is hereby declared that the protection of th e public interest in
th e dev elopment of the w ater resources of the State of Ca li forn ia is of vital
1:00Wel'n to the people of the State of California and th at the State of California
sha ll det ermine in what way th e waters of the state, both surface and underground,
shou ld be developed for the greatest public benefit, or controlled for public pr otection.

SEC. 2. 'I'h e division of engineering and irrigation of the department of public
works is her eby nuthorlz cd and instructed to make the investigation in this act
provided for and for the purposes herein specified.

SEC. 3. It shall be the dutv of the division of engineering and irrigation of the
depa rtment of public works to Investignte the amounts and loca t ion of a ll the
waters of th e state, both surface and underground, and to determine th e amounts
available for use; to invest.igut e all possible uses of wat er ; and to determine the
future growt h of these demands and the works necessary for the ac complishment
oi t.he greatest usc of the state' s waters for all purposes; also to inv estigate the
occurrence of floods and th e works necessary for th ei r cont rol.

Sf:C. 4. It shall be th e duty of the division . of enginec r iug and irrigation of
th e department of public works to uscertuin thc bounds of th e agricultural lands
of th e state and th e amounts of water required to bring them to maximum pro­
duc tivity, the ir economic sou rce of irrigation supply, and th e value of delivery of
watcr to the land; to ascertain th e amounts of water required for municipal and
industrial purposes and for the generat ion of hydro-electric ene rgy and for all other
pract icable us es and t he economic sou rce of supplies for all th ese purposes.

SEC. 5. It shall be t.he duty of th e divis ion of engin eerirur a nd irr iga tion of th e
department of public works to s t ud)' th e coordination of all possible uses of water
to th e end that a full supply may be ob ta iued as nearly as possibl e for all purposes
with th e gr eatest degree of public economy and t.o det er mine a compre he ns ive plan
for th e ac complishment of t hese p urposes with t he muximum conse r va t ion, cont rol,
storage, di stribution and application of all the waters of th e st a te and to es tima te
th e cos t of th e necess ary works and structure s for ca r ry ing' ou t this pl an and to
ma ke all such studies, do all work make nil investigations, compile all dnta required
to determine the manner in which tlte water r esou rces of the s ta te shou ld be
developed for th eir greutest use and public ben efit.

SEC. 6. It shall be th e duty of t.he div islon of engineering and irrigation of the
departm ent of pu bli c work s , to prepare a printed report set ti ng forth the results
of th ese inv estiga tion s w ith recommendations for a public poli cy for the development
and conserv a t ion of the water resources of the state, not la t er than the fir st day
of Junuary, lfl27.

SEC. 7. The division of engineering' and irrigation of th e department of public
works in carrying out the provisions of t his act, is hereby authorized to examine
any and a ll data, estimates and proposals in furth erance of th e above purpose,
according to its judgment of th eir engineering worth, and to con su lt with and accept
the work of any depart.ment, bu reau, office, ser vice, or division of the United States,
or of the state or count ies, or w ith any municipality, irrigation, reclamation, COII­

servnt ion, drulnnge, flood control, levee, or other district agency for irrigation,
reclumation, drainage, or flood cont rol purposes, or for th e development of hydro­
elect ric pow er; or with a ny in terested association, company or individual; provided.
f url her , t hat th e division of eng ineer ing and irriga ti on of the department of public
works is her eby express ly uuthorlzcd to acc ept, receive and use any Iunds or moneys
contribu ted to it by any irrigation district, r eclamation d istrict, water a nd conse rva­
ti on distr ict or any poli t ical su bdivis ion of th e Stat e of Californa for the purpose
of coopera t ing in th e work nfores nid a nd ca r rying out t he purposes of this act .

j · - 52 ·101
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SEC. 8. The division of ena inec rt ng and irrigation of th e departm ent of publir:
works is hereby authorized, with the approval of Ihe governo r, 10 employ s uch
ass is ta nce as in its judgment it may requi re and to incur suc h expense as may
be necessary to carry out th e purposes of this act. 'I'h e governor is further author­
ized to appoint a consulting board, composed of representutlve citizen s, to se r ve in
an a dvis ory capaei tv in prepm-ing' th e a bove report.

SEC. 9. There is hereby appro pr ia ted ou t of a ny mon ey in th e st a te trea sury,
uot othe r wise appropriated, the s um of tw o hundred fifty th ousand dollars, and made
imm ediately available for a ny of th e purposes of t his act .

S EC. 10. This act sha ll not in nnv way be cous truod so as to rlep ri ve per son s,
co rporut lous, or districts of vest ed ri gh ts .

S !':e. 11. An y secti on or por ti on of a sec tio n of a ny act, s ta tu to, o r law of the
S ta te lit California in cou tllc t with th e provisio ns of this act is Ill' l' I'UY rep ' ·a/ e,!.
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SUMMARY REPORT.~:

WATER RESOURCES OF CALIFORNIA.

California, extending for eight hundred miles along
the Pacific shore of the United States, enjoys a moderate
and pleasing climate favorable for human activity. 'I'he
forests and minerals of its mountains, the fertile soils
of its valleys, and the commercial potentialities of its
seaports destine this state to advance in wealth and popu­
lation until the exhaustion of some of life's necessities
imposes a limit upon further expansion. With spacious
areas of flat lands at low elevations, there is much smooth
awl accessible ground suitable for habitation. Natural
resources for supporting man's activities, excepting
water, are near at hand in abundance.

The water supply of this great state is derived from
its annual drenching by rain and snow. Falling with
greatest intensity upon the mountain areas, these upland
regions constitute expansive collectors 'of precipitation
which concentrates in stream-channels and flows to the
ocean, passing by 011 the way the lower lying lands favor­
able for human occupation. Once a year the short win­
ters wet the mountains and lowlands alike so that the bulk
of the flow in California's streams occurs at the time 0 E
least demand for water. Three-fourths of all the state's
waters reach the ocean within forty-five days after the
time of their precipitation as rain or snow upon the
mountain areas. The long, warm, almost rainless sum­
mers require water in large quantities for all human en-

..A full description of the g-eography, land and water resources of California awl
matters pertaining thereto, toaet her with a prelitnina rv com prehensive plun 1'01' their
development, is con tuined in previously published reports of the Division of Enginef'!"
ing and Irrigation as follows;

Hul. No.1, Water Resources of California.
Bul. No. G, Flow in California Streams.
Bul, No. 0, Irrigation Requirements of California Lands.
Bul , No. !J, Supplemental Report on Water Resources of California.



SUMMARY REPORT.

deavors, but the summer flow in the streams, most valued
of all, is only the drain water in wake of the great volume
of winter and spring run-off. Those streams to which
even the highest mountain areas are tributary, are well
sustained by melting snow only through the first half of )
the summer months.

Practically all the summer flow of California's streams
that are accessible, is now in use . Further advancement
is attendant upon the construction of reservoirs that will
make available for use at the needed time, the great
volume of winter and spring run-off of normal years.
Including this, ample water originates within the state's
boundaries for all future needs but it is very unequally
distributed geographically. Three-fourths of all this
water lies within the northerly third of the state's area,
while three-fourths of the need for water lies in the
soutberly two-thirds of the state's area. There is some
water available to California in addition to that originat­
ing within the state 's boundaries in th e Colorado and
Klamath River systems. Of these, however, the Colorado
River is the only one geographically situated to alleviate
the very unequal distribution of the waters. This sur­
vey of the available waters and of the future needs for
water shows that full development of the latent resources
of California can be attained only through the storage
and distribution of water in accordance with some com­
prehensive plan, embracing both state and interstate
streams, that will overcome the very unequal geographic
distribution of the state's waters and that will insure ade­
quate supplies for all localities.

CHARACTERISTICS OF A COMPREHENSIVE PLAN.

'I'he agricultural lands, by reason of their flatter topog­
raphy, their temperate climate, and their accessibility,
are most suitable of all the state 's lands for habitation.
Except for areas about the state's seaports, the urban
communities of the future must largely spread over lands
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now classed as agricultural. Since cities of fairly mature
growth use water about equal in amount to that required
for irrigating crops on the same area, a plan that will
provide an adequate allotment of water for all the agri­
cultural lands, together with additional amounts for
urban expansion about the state's seaports, will meet the
future demands for water in the maximum development
of the state's resources.

At the present time, ninety-six pel' cent of the water
«onsumed in California is utilized in irrigating farm
lands. This ratio will continue to be large for many gen­
erations because the growth of mnnicipal areas relative
to areas farmed, must necessarily be slow. The prin­
cipal features of a comprehensive plan, therefore, must
revolve about the greatly preponderant need of water for
agriculture. However, the importance of mnnicipal, i11­
dustrial, navigation, hydro-electric and mining uses in the
future growth of the state requires liberal provision for
their needs.

Fortunately the agricultural, municipal, industrial and
navigation uses will expand upon areas of low elevation,
for three-fifths of the agricultural lands are less than five
hundred feet above sea level. The mining and hydro-elec­
tric uses will expand in the mountainous regions that rise
above the" agricultural lands. Since these mountain uses
of water return to the stream channels practically the full
amount diverted, reservoirs to re-regulate the flow situated
at levels intermediate between the agricultural and the
mountain areas, will permit the unrestricted development
of hydro-electric power and mining in harmony with n
«omplete re-use of the same water on the plains below.
Large reservoirs at these intermediate elevations, there­
fore. are important features of a comprehensive plan to
secure the greatest use from the state's waters.
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IMPORTANOE OF ORDERLY DEVELOPMENT.

It may be observed in traveling about the state that
cities and towns do not flourish where water is deficient.
'I'he most prosperous centers of population arc those enjoy­
ing ample water for both the municipal and adjacent
country areas. In a state whose potential wealth, whether

.derived from industry in the cities or the cultivation of
country lands, can only be realized in its full munificence
through the artificial development of water supplies, there
can be 110 greater subject for consideration than the crea­
tion of a state water policy designed to secure an orderly
development of its water resources for the greatest public
benefit.

NEOESSITY OF AOTION.

~ill(~c the easily developed waters are now practically
all in usc, the future must spend greater sums for water
than has been necessary in the past. Following the present
incoordinate procedure, the costs of securing additional
water in localities of short supply will he large and will
become prohibitive as local supplies are exhausted, The
oxpauding population of these communities will then seck
more favored localities, either within or without the state's
borders. As the unfavorable conditions spread to greater
areas the loss to the state will increase rapidly, for only
the northerly half of the state has ample water for future
local nse.

The approach to exhaustion of local supplies in many
pnrts of California presents even more serious aspects
than the los" of anticipated wealth through curtailment of
oxpansion. Large areas deriving their supply from under­
~!l'ol1nd sources are facing a dropping ground-water plane.
These areas are extending as their commnnities expand.
Without additional supplies. well levels in these regions
will continue to drop until either- the underground basins
nrc exhausted 01' the cost of pumping water to the ground
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surface exceeds its value. For the most part, these areas
of dropping ground-water plane are only partially
developed and are without additional local supplies. Their
natural expansion, therefore, will unavoidably destroy the
values of their established properties and convert them
into decadent communities.

A series of wet years might afford temporary relief to
the regions of dropping ground-water plane as well as to
other areas of acute water problems; however, unless plans
for permanent relief are perfected during the surcease,
the disaster will be the greater for the next succeeding dry
rears will be entered upon with increased demands for
water but no greater supply. The prosperity of any part
of this great state should not rest even temporarily upon
the chance occurrence of greater-than-normal years.
'Yorks to relieve these communities are extensive in their
character and involve many difficulties. They cannot he
execnted without long preparation. To defer action,
therefore, is to invite future disaster.

Much has recently been said about converting agricul­
ture from a "gamble" into a "business" so that farming
may he as other industries. This would be done through
diversification of crops and cont r ol of production. The
diversification of crops and control of production can only
he attained in localities where irrigation water is available
as needed in all seasons of the year. "Variability in the
water supply forces the selection of crops best adapted to
expected shortages. Uncertainty in supply forces the
farmer to gamble on the occurrence of stream flow and
prohibits th e control of production.

Not over two-thirds of the area now under irrigation in
Cali f'ornia can obtain water as needed with reasonable
eertaintv. Large areas of the state's irrigated lands have
been planted to crops most suited to the irregular char­
acter of th eir water supplies and suffer the losses con­
tingent upon variable soil moisture. The perfection of
«ontr ollcd supplies is under way in many communities
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that can afford the cost, However inadequate local sources,
the heavy costs of regulating last increments of stream
flow, and conflicting claims to water rights, make progress
slow, Progress would be facilitated by the adoption of a
«omprchensivc plun that would ultimately furnish with
reasonable certainty, adequate supplies to all localities
t hroughout the growing season.

VALUE OF COORDINATED DEVELOPMENT,

The cost of carrying out a comprehensive plan that
would permit the agricultural industry to operate as a
business and that would remove the limitations of develop­
ment on half of the area of this state, would be large; yet,
there is no alternative if these objectives are to be attained.
The costs may be minimized, however, by coordination of
the development of water for all purposes. Through this
means the cost of conflict may be removed, the cost of
duplicate works may be eliminated, the cost of expensive
reconstruction may be avoided as works are enlarged, and
the greatest re-use of water may be secured. This report
is the first to present the advantages of coordinated effort.
It is believed that through this means only can values be
created commensurate with the large costs of a compre­
hensive plan, and that possibly through this means the
~tatemay enjoy advantages not heretofore believed
possible,

THE COORDINATED PLAN.

As directed by your honorable body in Chapter 477 of
the 1925 Statutes, the Division of Engineering and Irri­
gation, State Department of Public Works, has prepared
n coordinated plan for the development of the waters in
the major geographic divisions of the state. This plan
provides for the storage of flood waters for conservation
purposes, the transportation of surplus waters of the
Sacramento drainage basin to the deficient areas in the
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San Joaquin Valley, an adequate summer flow in the
Sacramento River for navigation and salt water control,
the resumption of hydraulic mining in the Sierra Nevada
Mountains, the control of floods by reservoirs, the expan­
sion of irrigation along the lower Colorado River in south­
eastern California, and the diversion of water from that
river to the Pacific slope for municipal purposes. All
sections could not be considered because of the limitations
of time and money. However, any policy that may result
from this report should be extended to all parts of the
state.

A general description of the plan follows in this report.
The volume of pertinent engineering data and detail
dimensions is contained in separate appendices," one for
each geographic section of the state.

THE SACRAMENTO VALLEY,

The Sacramento Valley, 170 miles long and 30 miles
wide, contains 2,900,000 acres of agricultural land on the
valley floor and 2,300,000 acres in its marginal plains and
foothills, 'I'his valley has been growing rapidly. About
] ,000,000 acres are 110W under irrigation systems, mostly
on the valley floor. The expansion of irrigation has ab­
sorbed practically the entire summer flow of the river dur­
ing the last several years of subnormal run-off, so much
:-:0, that for a time each season, navigation was seriously
«nrtailcd upstream from the city of Sacramento. The "Val'
Department issued warnings to the valley irrigators that
-ufficicut water for navigation must be left in the river. In
j'PSpOl1SC, the irrigators organized a state supervisorship
over their eli versions to reduce them to a minimum quan­
tity. A critical situation is approaching wherein the nee-

·A detailed description of th e coordinated plan with engineering data is in
preparation for publication in bulletl ns of the Di vis ion of Engineering and Irriga­
tion as foll ows : Bul. " ' 0 . 15, "The Coordin ated Plan of 'Vater Development ill the
Sacramento Valley." B ul. ' 0 . 16, "T he Coordinated Plan of Water Development in
the San Joaquin Valle ." Bill. No. 17. ' ''1' e Coordinuted Plan of Water Develop-

en t in Southern Callfornla."
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essary appropriation of water for irrigation is confl ict­
ing with th e national jurisdiction over navigation.

Further difficulties arise neal' the mouth of th e river.
The diminished low water flow of th e Sacramento River
ha s been insufficient to hold back th e sal t water of Suisun
Bay. For a period each season, the sweep of the t ide
through th e channels of th e delta region at the month of
the river, car r ies in salt water f r om Suisun Bay that
mixes with the fresh water of the river. As the summer
flow in the river decreases, the menace of salty water be­
comes more ser ious in the channels from which the delta
lands have habitually obtained their supply . These t hreat­
ened lands are some of the most f ertile in the state .

Although the unused summer flow of the Sa cramento
River is rapidly diminishing, the winter and spring flow
is large. In their natural state, t hese wat ers overflowed
large areas along the river. In 1911 the state legi slature
and in 1917 the national congr ess adopted a gen eral plan
of r eclamation by which channels and by-passes lead this
flood water in SuisunBay without inundating the valley
floor. These channels are wide due to the great flood flows
of the Sa cramento River. They take up much room and
will constitute increasingly awkward bar r iers to t r affic
Cl S the valley becomes more thick ly populated. Although
some of these channels and by-passes are already con­
structed, nevertheless, reduction in the size of floods would
afford great er margins of safety and, on those channels
not yet constructed, the widths could be materially
decreased. Floods can be r edu ced in size only thr ough
their control by reservoirs. Therefore, at this t ime when
th e cons tr uction of reservoirs is necessary in order that
agriculture may continue to expand in the Sacramento
Vall cv, it is appropriate that the control of floods by reser­
voirs should receive cons idern tion.

Attention should also he given in a program of r eservoir
construction to th e r ejuvenation of hydrauli c mining. On
-I anunry 7, 1884, a decision a f a F ederal Cour t prohibited
further hydraulic mining in California becau se the debris

------ - - -
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clumped in the stream channels was washing down 011 to
the farm lands of the Sacramento Valley floor. Although
later congressional enactments provided for the resump­
tion of hydraulic mining under restrictions, the 1000 mil­
lion cubic yards of gold-bearing gravels in the Sierra foot­
hills remain unmined. It would mean much to the state
to revive this industry and much to the nation to increase
its gold production. In order that this industry may be
revived, it is necessary to place barriers in the stream
channels to restrain the debris £1'Om reaching the valley
floor. Reservoirs constructed for conservation purposes
may be so used. If these are located on the lower reaches
of the streams, several years will pass before the debris
will work its way down the stream channels to lodge in or
ncar the upper edge of the reservoirs. Much of it would
pile up at their margins 01' fill the channels £01' a distance
upstream. Other material would lodge in the channels
before reaching them. Such material would not impair
their capacity. Reservoirs employed as debris barriers,
t herefore, would maintain their full conservation values
for many years after mining started and would never have
their capacity impaired to the full extent of the volume of
mining debris dumped into the stream channels above
them.

The coordinated plan for the Sacramento Valley com­
prehends the solution of all these puhlic problems, water
£01' navigation and salt water control. the reduction of
flood flows, and the restraint of mining debris, while at the
same time providing for the increasing demands fOl' irri­
gation water through the construction of a large reservoir
on the Saorumento River, one on each of its main tnibu­
tarics, and the diversion of the upper portion of the Trin­
ity River into the Sacramento drainage basin. These reser­
voirs arc all located in the foothills near the edge of the
vallev floor. Tn this position. with almost the entire water­
shed tributarv to them. they are admirably situated for
1he control of floods and the storage of mining debris as
well :1S for conserving flood water for irrigation. Also, in
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this st rategic position, they separate the mountain and
valley use of water, permitting each to proceed as best
suits its needs 'without conflict, and so secure the maximum
public ser vice from the state 's limited water supply.
Lastly, they occupy the sites of least cost for th e many
advantages obtained.

'I'he units of a coor dinat ed construction program com­
prise a high dam near Kennett on the Upper Sacramento
River, one 011 the F eather River Ileal' Oroville, one on the
Yuba River near Smartsville, one 011 the B ear River near
the state highway crossing, and one on th e American River
near Folsom. The Trinity River diversion would intro­
du ce a new supply from the Klamath River system into
the Sacramento Valley. These would each be integral
parts of the comprehensive plan for ultimate development,
could. be constructed progressively, and would provide
sufficient water to meet all the increase in demands of navi­
gation, of salt. water control and of conservati on during
the next half century if operated in accordance with the
plan her ein presented. The reservoir capacities of these
units are ad equn te to r educe floods and, 011 those streams
<\11 'which placer gravels exist, to restrain mining debri s
for many years without interference with their conser va­
tion values. Also a large amount of electr ic power could
be M nerated at the clams.

In preparing this coor dinated plan, special attention has
heen placed upon devising a safe procedure for the use
of reservoirs for flood control without sacrifice of their
eonser atio n values. Heretofore, it has been considered
imp ossible to U : 8 the same space for the t\VO purposes,
because f or fl od control it should be held empty during the
season of arge run-off in readiness to absorb flood flows,
while for conservation it should be allowed to fill while the
water is available. After elaborate r esearch to determine
the charncteiistic of floods, a method has been evolved
whereby the space reserved for flood control can be safely
r eleased in tim e to fill for conservation as the season
progresses.



WA'l' EH [{E:;OUIWE~ O~' CAL l!"OR. ' l A, 31

The application of these principles to the oper ation of
the series of proposed reservoirs in the Sacramento Valley
would effect a marked reduction in the flood flows in all the
large tributaries as well as in the main channel. On the
Upper Sacramento, the flood flow would be cut to half the
maximum, a r eduction that would make it feasibl e to
reclaim Butte Basin, if desired. On the Feather, Yuba
and Bear r ivers, floods would be controlled to two-thirds
their maximum volume. This reduction would permit
reclamation along the Feather River to be completed with­
out mu ch additional levee constr uction and with the use
of the present levee alignments except for a mil e or two
in a particularly r estricted section of channel below Marys­
ville. On the American River, the Folsom r eservoir oper­
ated under this pl an , would limit floods on this tributary
to a flow that could be confined between levees on the ba ks
of the present river channel. The cit ies of Sa cr amcn 0 and
of North Sacramento could then expand to the river 's edge
and so eliminate the awkwardness of th e present C1' ssi: g
that spans a wide area of overflow land between them.

Since power is the most r eadily marketable product of
the r eservoir system, the plan proposes to operate these
reservoirs for the first period of years in a mann r ilia t
'will produce the g reatest ievenu c from power . The block
of power generated at these reservoirs should produce a
substantial income if succ essfully marketed. The output
is large. Including the 'I'rinity River div ersion, it is about
equal to the present total production of power in north­
ern Cali f ornia. To sell thi s large block of p ower will
require skill in laying out th e construction pr ogr am and
the complete coope r ation of every marketing agency.
Without this cooper ation, a program as her ein described
would be wholly impracticabl e. With this cooper ation,
the sale of power could do mu ch toward carrying t he
construction cost s.

In proposing to operate this system of reservoirs for
th e first period of years to obtain the gr eater power rev-
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enue, the other ben efits to be derived from their construc­
tion would not . he neglected. Through the program of
reservoir operation devised by these investigations, the
flood control values could he secured without material
interference with the generation of power. The water
from the tail-race of power plants would be ample for navi­
gation, irrigation and salt water control for a long time.
On the streams on which placer gravels exist, the accumu­
lation of mining debris in the re servoirs, in being slow
and not affecting the power drop at the dam, would not
materially affect the power output.

At the end of the period of operation for greatest power
revenue, the system of operating the re servoirs would he
gradually changed to that producing the largest flow regu­
lated for irrigation purposes. This change in the method
of operation would about double the summer flow yield of
the reservoirs. Power could still be generated, but being
largely seasonal power, could only be marketed in part.
100110wing this scheme, the summer flow in the Sacramento
River could be adequately maintained for all purposes ill
the face of increasing diversions for the next half century.

The realization of such a program would be of inesti­
mable value to navigation, salt water control, mining,
flood control, irrigation and farming in general. It would
secure for the present day the great advantages of a sub­
stantial summer flow in the Sacramento River for naviga­
tion, the advantages of salt water control in the delta
region, the rejuvenation of hydraulic placer mining, and
a substantial reduction in the flood flows. None of these
could be obtained ill nearly such full measure for years
to come except through a coordiuated program of develop­
ment. 'I'hese advantages all have such real and substantial
value that earnest consideration should be given to the
recommendations contained in this report.

'I'he probable costs of the units of the coordinated plan,
including spillways, gates, sluices, tunnels, conduits and
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power plants r equired to accomplish the results described
herein , are:

Konn orr It ese rvui r Upp er Sa cramento __
( )ro\'iIIe Rese r vorr F ea thr-r _
:'\ aJ 'I'n \\" ~ He~el·\· oi l'_ __ Y n ba _

) 'a rk f'1' ]: t~el'voir It - u r _

1"OJ~() 1I1 R oservoi r Amerh-nu _
Ji'a i rview R eservoir 'r ri ll il J· _

Un it Stream
He ight Capacity

of of Total
dam, reservo ir , cost
feet a cre- fe e t
420 2,!lOO,OOO $80,000,000
:300 :H 5,OOO 35,000,000
435 + 15,000 ::0,000 ,000
2,,0 10 0,000 t3 ,OOO,OOO
190 :l07, OOO 11 ,000,000
::70 1,400 ,000 *46,000,000

1'0 tu l ~ __, _. ' $20S,000,OOO

" !lJc llldes cos t of comp lete ly de velupiug th e powe r d rop from the Fairview rese r­
voi r on th e Trinit~' River to the Sacramento River.

'I'he plan does not include the const ruct ion of canals for
distributing the water developed by these re servoirs,
although studies have been made of alternate layouts. In
general, the public advantage of following one particular
scheme of canal cons truct ion was not found to be large.
It is believed that this part of the program can be most
effectively carried out by local effor t as necessity arises.
'I'heref'ore, th e plan for the Sacramento Valley is confined
to th e production of a f ull supply of wat er in the stream
channels in a way that will secure the maximum public
ser vice from these waters at the least expense.

THE SAN JOAQUIN VALLEY.

'I'he San Jo aquin Valley, 250 mil es long and 40 miles
wide, comprises the largest continuous block of agricul­
tural land in the state. On the vast plains of th e valley
floor are 6,600,000 acr es of land having gentle slope and
tiat surface conformation favorable for agriculture. The
marginal foothills to the east and south adell,800,000 acres
more, making a total of 8,400,000 acres of agricultural
land in the San Joaquin Valley, one-third of all the agri­
cultural lands in the state.

Favorable conditions for growing cr ops , other than
scan t rainfall , ha ve made this valley a pioneer section in
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irrigation. One-half of the lands now 'under irrigation in
California are in the San Joaquin Valley. Much of this
land has an imperfect water supply. Some receives little
or no water in dry years, other areas receive only a partial
supply, and over half of the projects are short of water
during the late summer months. Less than half of the
area under irrigation has an adequate water supply
throughout all seasons. Nevertheless, this development
is utilizing all the low-water flow of the streams in the
northern half of the valley and four-fifths of the entire
run-off of the streams in the southern half.

The perfection of supplies in the northern half of the
"alley concerns pi-incipally the preparation of suitable
economic plans for const r uc t ing storage reservoirs to hold
over winter and spring flood waters for summer use.
This has already been done or is now in progress on most
of the projects in the northern half of the valley. In the
southern half, however, the perfection of present inade­
quate supplies necessitates the importation of large
amounts of new water that presents problems insurmount­
able to local effort. Here more than four-fifths of the
mean flow of the streams is now in use although llO reser­
voirs have been const r uct ed. The ir-regular diversions from
the rivers are sup p lem ented by pumping from under­
ground sources on one-thir d of the irrigated lands while
on another third the entire supply is derived from wells.
Favored with large areas overlying excellent supplies of
underground water,* the southern San Joaquin Valley
has enjoyed an attractive sour ce of water easy for indi­
viduals to develop. So encouraged, extensive communities
dependent upon irtigated agr iculture have come into
being. Theil' wealth is r eflect ed in their assessed valuation
that shows a greater investment in rural improvements
than any other section of the state excepting properties
adjacent to our largest cities,

*F or detnflod des crip t lon see R ul. No. 11 of the D ivision DC ~Ilgin eerjng- and Irri ­
gation . " G round ",Yaters of th" ~ontbern San .I oaqu in Vallov."
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Although intensive development is in progress, th ere is
still much goodland in these communities without an ade­
quate water supply. Nevertheless , so ext ensive is th e use
of under gr ound water that the water plane is receding in
many places. Experience is demonstrating that these
underground supplies are not sufficient for the full de­
velopment of th e overlying lands so that at some point in
the progress of exp ansion , the draft from the underground
waters must excee d their average supply. There are now
about half a million ac r es in the southern San Joaquin
Valley supporting prosperous communities, that are either
overdrawing th eir underground supplies or are approach­
ing this condition . These areas arc cons tant ly growing
larger. Theil' available surface supplies are already put
to full use . Therefore, new water f r om some outside
sour ce is essential for continued growth and prosperity.
Without it, the level of the underground waters upon which
the southern half of the valley is so d ependent, must per­
manently r ecede over extending areas until the profit in
farming is entirely consumed in pumping the irrigation
sup plies to t.1JC ground surface.

The complication in the approach to exhaust ion of the
water supply in the souther n San .Joaquin Valley is 01'
state-wide concer n for there is no simple means of r eli ef.
There is no wa y to stop the sinking of new wells. All th e
overlying lands have the legal righ t to pump from the
underground sources if they choose. The construction of
stor age reservoirs on local streams would help temporarily
hut little new water would be create d thereby because
four-fifths of the m ean flow in the streams is already in use.
The principal value of storage r eservoirs would be in
effecting a contr olled supply. Unused water in other parts
of the San .Ioaquin Valley is not available fo r the southern
half, because there ure areas of deficient supply close at
hand to the f ew regi llS of surplus. The valley as a whol e
has little more than half enough water for its future needs.
Therefore, a p ermanent solution to the water problem of
the southern San .Joaquin Valley can only be attained
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by the importation of a large supply from some outside
source.

The most accessible region of surplus is the Sacramento
and upper Trinity drainage basins. Here is ample water,
taken with the San Joaquin Valley streams, for the full
development of both valleys. 'I'he complication and large
cost of transporting the surplus waters of the Sacramento
several hundred miles to the southern San J oaquin Valley,
requires a comprehensive treatment of the problem. The
coordinated plan proposes to correlate the conveyance of
a new supply into the southern San Joaquin Valley with
the development of water for local needs throughout the
length of the two valleys. In this way the new supply may
he obtained with full protection to established properties.

Accordingly, the new supply for the San Joaquin Valley
would be derived from the water used to maintain naviga­
tion in the channel of the Sacramento River. After serving
its useful purposa in the Sacramento Valley, this water
would be diverted at the month of the river into the San
Joaquin. Passing through the channels of the island region
forming the delta of the Sacramento and San Joaquin
Rivers, it would be boosted up the main channel of the
San .Ioaquin by a series of pumping plants, each one
pumping the water over a low dam to the higher level of
the pond behind it. 'I'hese dams would be collapsible so
that they would not obstruct the channel during the flood
season. They would be so located that, if desired, locks
could be constructed along side them that would make the
San Joaquin River navigable for a distance of 160 miles
from its mouth.

'I'his series of dams and pumping plants, extending the
length of the main channel on the valley floor, would also
constitute a means of conserving the scant water supply
of the San Joaquin Valley. Water entering any section
of the channel would he caught by these dams and redis­
tributed throughout .its length by the pumping plants.
'I'hns water, entciing the lower reaches of the channel that
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often escapes into Suisun Bay, could be r eadily utilized
by th e greater area upon whi ch it could be served.

The new supply of water obtained through the ope r­
ation of these dams and pumping plants would be dis­
t r ibuted to the lower lying lands in the San Joaquin Valley
in or der that the pumping lift may be a minimum. 'I'his
would r elease San Joaquin water now used on these lower
land s, at high elevat ions for diversion by gravity to the
laud s in the southe rn San .Joaquin Valley that need 1110r e
water. In this manner, the new supply could be obtained
with a maximum pumping lift of 160 feet. The exchange
of water s would save 340 feet of pumping lift. All plans
for conducting the new supply directly t o th e hi gher lands
th at need water, either by gravity or by pumping, were
found to be prohibitive in cost. 'I'he only plan 'of prac­
ticabl e proportions in cludes exchanges of water and
involves properti es extending the entire length of Sa cra­
mento and San J oaquin Vall eys. The exchange of water
is now practi ced in several west ern states.

In diver ting the water used for navigati on in the
Sa cramento River to the San J oaquin, a cer ta in portion
would escape into Suisun Bay unless a physical barrier
wei-o constr ucted below the juncti on of th e two r ivers. I n­
vestigatious of the cost of sur-li a barrier have been com­
pl eted r ecently in cooperation with th e United States
Bureau of R eclamation. 'I'hese reveal that the probable
cost would vary from $4;3,000,000 to $90,000,000 according
to th e site selected. This exceeds considerably th e cost of
developing the volume of water that would escape into Sui­
~J11 11 Bay if no barrier were constructed. At some future
t ime wh en this volume of escape water is needed for irriga­
tion in the San J oaquin Valley, a physical barrier could be
constr ucted ill order to make it available. I n th e mean­
time, the esca pe of thi s water into Suisun B ay would auto­
rua ti cally dispel the menace of in cursion of salt water into
111e cha nne ls of th e delta region. 'I' lie volume of water de­
sir nhle fo r naviga tion in th e S(1C'r:unellto River is ade-
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quar e for both salt water contro l and
San ,Toaquin Vall ey f or a long t ime.
nated pl an avoids the large cost of a
years to come.

In pum ping t he new supply from the Sac ramento up
th e grade of the San .Ioaquin River, it will be necessary
to construct levees al ong the banks of the ri ver for a dis-,-

ta nce upstream f rom each dam in or der to confine th e
water to the stre am cha nnel at its increased level. The
j'C'fJuire(l height of 'these l cn~ ('s would grow less as the next
upstream dam is approached, un til at some intermediate
point, the ponded stream would be confined within th e
nntnrnl hanks of the channel. Th e coordinated plan pro­
pose'S to in corporate th ese levees in a general plan of re cla­
mati on f'or th e overflow lands of th e San -Ioaquin Valley.

Unlike t he Sa cramento Vallov, th e strip of overflow
land in the San Joaquin is so narrow that the r eser­
vation of a chauncl large enough to pass th e maximum
fl oor] , leaves an insufficient area bene fited to pay fo r the
cost of the levee system. Altho ugh much study has bren
placed on plans for reclaiming th ese over flow lands, an
economic; p la n of complete reclamation has not yet been
devised. H owever, opportunity is afforded by the cOO )' ­

dina ted pla n to improve these conditions because the
required width of flood channels could be reduced if th e
scheme of r eservoir operation devised by these investiga­
tions , were appli ed to the r eservoirs on the tributaries of
th e Sun J oaq u in that are either already constructed or
will be r equired t o meet the demand of the next few years
for irrigation water. These will have sufficient capacit y
to r educe fl od -olumes without interference with con­
servat ion , 0 nearly half their maximum flow except f'or
th e I wer one-thi rd of the main river channel. On t his
section orne reduction could be effected bu t not as mu ch
as on the upper two-thirds of the channel.

At some la ter time, a greater degree of flood control can
be c f'eeted n the San J oaquin River than here described.
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'I'he reservoirs now constructed and at present contem­
plated on its tributaries will not dev lop the entire run-off
of these streams. Additional storage will lia e t be pro­
vided at some future time for conservation purposes.
By including this additional storage in the flood control
system, floods may be reduced to smaller volumes than
described above. 'I'his additional storage is part of the
compr ehensive plan for the ultimate development of the
San Joaquin Valley, but is not included in the unit s here
suggested because it will be some time before it is needed
for conservation purposes.

Large reservoir units, sufficient in size to make the
entire run-off of the streams available in controlled sup­
plies, are included in the coordinated plan for the southern
part of the San Joaquin Valley. Such a large fra ction of
the entire stream flow is already utilized in this pad of
the valley, that, even by the construction of these lar ge
reservoirs, the new supplies made available would be suffi­
cient to serve the normal growth for only a few years.
However, they could temporarily relieve the stress ea ised
by the overdraft on underground waters in the southern
half of the valley.

The construction of these reservoirs would accomplish
more than the development of some additional water and
the delivery of completely controlled supplies. A very '0 11­

siderablc amount of power could be generated as well. In
order to generate the largest amount of p w r possible
with an economic install tion, the coor dinated plan pr o­
poses that about one-fifth of the peak ir r igation emand
on the area served directly from the reser 0 ' 1'S, be supplied
by pumping from the underground bas ins. By so doi g,
the draft on the reservoirs would be more nearly cons tant
throughout the season and a greater output of salable
power could be generated. Also, by pumping still greater
volumes of water from the underground basins during
years of subnormal run-off, completely r egulat ed
supplies could he delivered to the land with smaller 'e er­
voirs than otherwise would be needed. The coordinated
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plan proposes that this be done to the extent that the total
cost of completely regulated supplies would thereby be
reduced. An exceptional opportunity exists for an eco­
nomic arrangement of this character, for one-half of the
area now receiving water from the rivers through canals
is already equipped with wells and pumping plants.

These same reservoirs could easily be used for con­
trolling floods. 'I'heir capacity would be sufficient, if oper­
ated under the plan herein proposed, to reduce floods to
one-half their maximum flow without interference with
their conservation functions.

Plans for constructing storage reservoirs on the Upper
San Joaquin, Kings and Kern Rivers, the largest streams
of the southern San Joaquin Valley, are now being per­
fected by water-storage and conservation districts. These
are organizations of the many corporate units that now
utilize water from these streams or desire to do so. The
coordinated plan in no way conflicts with the plans
of these districts. It is distinguished from them in
providing for a more complete development than the
studies of the districts indicate are desirable if the entire
costs are assessed against the lands within the projects.
'I'he coordinated plan sets forth greater accomplishments
for public consideration.

A series of trunk canals is in cluded in the comprehen­
sive plan for the ultimate development of the San Joaquin
Valley. These canals would extend southerly, one from
each main tributary of t.he San Joaquin River an done also,
from the American River in the Sacramento Valley. They
would divert at the highest practical elevation on the edge
of the valley floor that would not involve expensive foot­
hill construction. The function of these canals would be
to feed the water from each tributary into systems of dis­
tribution canals at the highest possible elevation. This
would take water now used in one system and deliver it to
another system further south upon receipt of an equivalent
amount from some other source. No exchange of ow er­
ship in supplies is suggested. Following this system, i ll .
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entire valley floor may ultimately be brought under irri­
gation with the maximum economy in pumping the new
supply imported from the Sacramento Valley. Even with
this economic arrangemeut, the pumping lift on much of
the imported water that ultimately will be required to irri­
gate the entire valley floor, will be large.

Only two of these trunk canals will be needed for some
time to come. These two take out from the upper Sau
Joaquin River and the Kings River, respectively, and
are necessary to convey a new supply into the area of
dropping ground-water plane in the southern San J oaquin
Valley. They are part of the first construction units of
the coordinated plan for importing surplus Sacramento
River water into the San Joaquin Valley. With these two
canals in operation, new supplies could be delivered into
the heart of the area that needs them.

'I'he probable costs of the reservoirs of the coordinated
plan in the southern San Joaquin Valley that will yield,
in conjunction with the ground-water development already
existent, completely regulated supplies of irrigation
water, control floods to one-half their maximum values,
and develop incidental hydro-electric power to the greatest
economic extent, are:

T"IIl,w"allcc Flat Reservoirc Upper S'III Jouquin .,
Pine F'lut Reservoir., King» River _
Isabella Itoservotr., Kern River _
Bakersfield Reservoir Kern Rivel"- _

Unit Stream
Height

of
dam,
feet
,')95

450
2m
140

Capacity
of

reservoir,
acre-feet
1,100,000
1,400,000

i.roo.ooo }
200,000

Total
cost

$51,000,000
a5,OOO,OOO

40,000.000

'rotal ---- - -------- - - --------- - ~126,ooO,()()()

The foregoing estimates include the cost of spillways,
gates, sluices, tunnels, conduits and power plants required
for conservation, flood control and power development.
On the Kern River, the estimate includes conduits and
power plants to develop the entire power drop through the
Kern Oanyon between the Isabella Reservoir and the
Bakersfield Reservoir, exclusive of the capacity of the
power plants now operating in the Kern River Canyon.
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The probable cost of the first units of the coordinated
plan for introducing a new supply from the Sacramento
into th e southern San Joaquin Valley, that will have a
capacity of three thousand second-feet, th e equivalent sup­
ply for 450,000 acres of new land, is:

Ite m Cost

l ru ms and pumping- pl a nts on Sa n .Iou nu in Rive r com plot« wi th
leve es ulom; river bn nkH___ ______ _____ ____ __ _ ::; l il,OOU,UUt)

Cu na ls ext end ing so ut he r ly fr om Fria n t on upper San .Iouqu in R iver
10 K ings R iver a nd (rom King-s Ri ver sout herly to nea l' Earlimart 11,OUO,OUO

T otal __ _ _ :;;24,OOO,O()O

'I'he f or egoing estimate does not include the cost of the
salt-water barrier that will undoubtedly be ultimately
required nor any part of the cost of the coor dinated plau
in the Sacramento Vall ey that is necessary to make the
surplus water of the Sacramento drainage basin available
for div ersion into the San -Ioaquin Valley, neither does
the estimate of cost of the dams and pumping plants on
the San Joaquin River include the cost of locks that would
1Je necessary at each clam t o r end er th e river na vigabl e.

SOUTHERN CALIF ORNIA.

California, southerly from Tehachapi Pass, embr aces
twenty per cent of the area of the state that is f avorable
for human habitation, whil e but little over one pe r cent of
the state's waters, exclusive of the Color ado River, are
tributary thereto. Although possessing a disproportion­
ately small share of the waters originating within the
state's boundaries, these lands have experi enced a rapidity
of settlement and improvement that ha s amazed the entire
world. Alread y one-fifth of the area possessing a water
supply on the P acific slope li es within th e limits of in cor­
porated cities and towns and this ratio is continuously
growing larger. The r elinquishment of agricultural land
for urban use does not reduce the total water cons umption,
as cities of fairly mature growth use water in amounts
about equal to that required for irrigating th e same area.
'I'he demand f or water, therefore, can never grow less in
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southern California, but larger supplies will be needed for
industries and manufactories 'within cities, and for the
extension of agriculture to the limits of the available lands
if supplies for this purpose can be found.

A survey of the available waters, both surface and under­
ground, shows that four-fifths of the local supplies on the
Pacific slope of southern California, excluding Owens
Valley, are now in use. Utilizing four-fifths of the avail­
able local water, less than half of the favorable area is
occupied by cities 01' towns and irrigated lands. In order
that growth and expansion may continue to the full limit
of the natural resources other than water, the Pacific slope
of southern California will require three times the volume
of water that can be obtained from nature's allotment to
this territory. Unless this additional water can be secured,
the future must face a curtailed growth incommensurate
with the opportunities offered by the other natural endow­
ments of this remarkable territory.

The development and use of the local supplies is attended
not only by the usual complexities of the California water
law hut also by the problem of dropping ground-water
plane similar to that of the southern San Joaquin Valley.
'I'he problem is serious because three-fourths of the local
waters now in use are taken from underground sources.
Observations of ground water levels during the years 1922
to 1925, show that drops have generally prevailed and
that, ill three seasons, the water plane has receded over
large areas as much as fifteen to fifty feet. Although the
greater values in southern California permit pumping
from greater depths than in the San Joaquin Valley, never­
theless, the inadequacy of the underground supplies for
the support of the fnll development of the overlying lands,
results in a similar necessity for imported water. Unless
large a.mounts of water can be so obtained, the southern
communities must suffer from the destructive competition
of pumping from underground sources that have a reced­
ing water-plane. Such competition will burden the COIl1-
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munities with prohibitive pumping costs and attendant
loss in property values, and in the end reach their limit.

The threatened exhaustion of local waters has not
occurred only through the foresight of Mr. William Mul­
holland, Chief Engineer of the Bureau of Water Works
and Supply of the City of Los Angeles. Because of the
importation of water from Owens Valley for the City of
Los Angeles, there are still some local waters available for
the expanding uses of adjacent territory. Further relief
may be obtained by extending the Owens Valley project to
include the waters of Mono Basin. However, a complete
development of the surplus or unused water from these
sources would import in total but a quarter of the water
that will ultimately be desired for the Pacific slope of
southern California in addition to their local supplies.
Nevertheless, Owens Valley and Mono Basin are impor­
tant sources of additional water, as they will be required
ultimately in any event irrespective of the acquirement
of other supplies. Studies have been pursued to find
sources from which adequate supplies for the future may
be secured. These investigations show that sufficient sur­
plus water exists in California, only in the north Pacific
Coast region six hundred miles distant and separated by
mountain barriers that could be pierced only at costs
beyond our present conception of possibilities.

In the absence of supplies sufficient for all future pur­
poses, attention should be directed toward providing for
municipal and domestic needs. The rapid rate at which
lands, formerly agricultural, are being converted into
urban and suburban properties in southern California,
makes it difficult to distinguish between irrigation and
potential domestic water. In fact, it appears that ulti­
mately, practically the entire use of water on the Pacific
slope will be urban or suburban in character. The pleas­
ing climate of this section is attracting residential settle­
ment from all the states of the Union that will he limited
only by the available water supply. However, distinguish­
ing' between these two uses for the next third of a century,
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an analysis of the past and present rate of increase in the
demand for municipal water indicates that a continuous
supply of fifteen hundred second feet will be required in
addition to water in present use, to serve the normal
expansion of the metropolitan areas of this region.

n is generally conceded in the division of the 'waters of
the Colorado River that fifteen hundr-ed second feet should
he allotted to the Pacific Slope of southern California for
municipal purposes. It is anticipated that this will be­
come available with the passage of the Swing-Johnson bill
for the construction of the Boulder Canyon clam on the
Colorado River, now pending in congress. Tt is vitally
important to the entire state, not only that this water
should be secured for the cities and towns of the Pacifle
slope of southern California, but also that the ndvantages
that will accrue from the construction of the Boulder Can­
yon dam in the control of floods and of the greater summer
Ilow, should be obtained for the California lands bordering
on the lower Colorado River,

The constrnction of the Boulder Canyon dam is one of
the most important issues before the public at this time for
the deficiency in the natural water supply of southern Cali­
fornia and the control of floods on the lower Colorado
River is a matter of serious concern. Although it is not
apparent from what source the required large volumes of
new water can be obtained for the full development of the
Pacific slope, nevertheless, present attention should be
directed towards securing those new supplies that are
available on the Colorado River and elsewhere and in coor­
dinating their use to obtain the greatest benefit from their
limited amounts. In this effort, these investigations have
cooperated to the fullest extent with the Bureau of Water
Works and Supply of the City of Los Angeles in their
projected plans. Data, analyses, and plans of aCCOID­
plishment have been exchanged with this office. Separate
and independent estimates of water requirements, of water
supplies and of plans of development have been made and
placed at its disposal.
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In the study of local supplies, special attention has been
placed upon the coordination of surface storage in reser­
voirs, the control of floods, and the replenishment of the
underground basins from which such a large part of local
water is obtained. The Los Angeles County Flood Con­
trol District has under way the construction of a series of
twelve reservoirs for these purposes on the principal
streams in Los Angeles County. Such reservoirs will be
desirable on an local streams in southern California as
growth contin ues. The intensive development in progress
creates a particularly large flood hazard and makes the
reservation of large flood channels undesirable. The
reduction of flood flows hv r eservoirs is therefore very
desirable.

Unfortunately, reservoi rs on nearly an the streams arc
costly. One exception is at the Prado sit e near the entr ance
to the Santa Ana Canyon. Here large capacity call be
obtained at fair costs. A reservoir at this point would
control the floods of the Santa Ana River on the coastal
plain and make available for use considerable amounts of
flood water that now run into the ocean. A plan for the
complete development and cont rol of floods on the Santa
Ana River is now in process of assembly through special
investigations heing carried ant in cooperation with San
B ernardino, Riverside and Orange count ies. Reservoir
sites have been selected all all the tributaries of the Santa
Ana River at locations that. "would control the floods as they
debouch on the valley floor. 'I'h ese sites ar e all more costly
than the one at Prado; however, it is believed that their
construeti on will become elesi rn h1e.

The coordinated p lan proposrs that reservoirs be con­
structed on all th e principal streams and that they be opel'­
ated both for conservatiou and flood «ontrol , Although the
total quarrtity of flood water reaching the ocean is rela­
tively small, still it can he most effectively conser ved bv
these methods. 'I'hc principal storage of water would be
in the large natural underground basins on the lower
r eaches of the streams where these are available. These
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offer a splendid opportunity for cheap storage in many
basins. However, some surface storage is necessary even
in these instances in order to equalize the stream flow. In
the natural state, flood waters rush down the channels in
volumes too large for absorption by the underground
basins. By reducing these flows through reservoir con­
trol, practically their entire volume could be introduced
into the underground basins throngh absorption by the
stream channels 01' hy prepa red spreading works.

The desirable eapu eities for these reservoirs have not
been finally determined at t be time of writing this sum­
mary report so that their cost can not he tabulated; how­
ever, they will 1Je large. The coordinated plan will secure
the greatest results from their use ill the same manner as
proposed in the coordinated plan for the Sacramento and
San -Ionquin valleys. By the application of the principles
developed by these investigations for the 'combined use of
reservoirs for conservation aud flood control, the conserva­
tion value of their space will not be sacrificed for flood con­
trol. In this way the maximum results will he attained at
minimum cost.

Tt is believed that these priuoiples of reservoir operation
for flood control can also be applied to the Boulder Canyon
reservoir to advantage. Their application should result
in a more effective utilization of the reservoir capacity
than bas been contemplated because they secure flood con­
trol without the sacrifice of any reservoir space. These
principles will be fully set forth in an appendix" to this
report.

-Bu!. No. 14, "The Control of Floods by Reservoirs."
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RECOMMENDATIONS.

California, endowed by nature with climate, soils, for­
ests, minerals, and harbors favorable for an advanced
civilization, is dependent, nevertheless, upon the artificial
development of water-supplies for the complete fruition of
its many advantages. At this time in the progress of
expansion when all the easily developed supplies are now
in use, it is of the greatest importance to every person and
to every industry that expects to partake of the future
prosperity of this state, to have assurance that progress
shall not be arrested by the lack of adequate water supplies.

The creation of a state water policy that will insure to
present and future generations the uncurtailed develop­
ment of natural resources along sound and economic lines
would be an outstanding achievement. The benefits would
be far reaching. All activities are vitally concerned in
water. Although the total requirements of agriculture
greatly exceed those of industry and commerce, neverthe­
less, industry and commerce would indirectly reap the
greater benefit. They will endure and expand most suc­
cessfully in the midst of thriving agriculture. Agricul­
ture in California requires large quantities of water. 'I'he
total supply is limited and unequally distributed over the
state.

This report presents an engineering plan whereby,
through coordination of effort, those sections deficient in
local supply may enjoy adequate water for agricultural
and all other purposes. The new supplies for the deficient
areas would be taken from regions of surplus after pro­
viding for their complete development. This plan is pre­
sented as the one containing the fewest difficulties in the
attainment of the desired accomplishments. While only
the major areas were considered in formulating the plan,
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any policy that may result should extend to all parts of
the state alike.

So extensive is the area, so many and varied are the
interests, and so great are the expenditures involved ill
this plan that the usual method of procedure is imprac­
ticable. The economic, financial, legal and political prob­
lems relating to its execution are so complex and far
reaching that they should be the subject of careful delib­
eration. The broad values and public advantages of the
plan should be weighed with the costs and difficulties.
Methods of execution, of operation and of financing should
be considered along with the extent to which costs should
be distributed. In view of the intricate nature of these
problems and their momentous bearing upon the future
of California, the Division and its advisors earnestly rec­
ommend that a committee representative of all those con­
cerned in the development of the water resources of Cali­
fornia, including national and state offices, be appointed
solely for the purpose of determining first, the prac­
ticability of carrying out this plan, and second, if found
to he practicable, to recommend a method of procedure.

o
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