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LETTER OF TRANSMITTAL.

March 23, 1925.

'1'0 the Mem bers of the L egislature,
S ta te of Oalifornia,

SeSS1'on of 1925.

In September, 1924, th e Chambers of Commerce of. ~a.n Franeisc?
and Los An geles placed a fund in the hands of the Division of Engi
neer ing an d I r ri gation f or the continuation of the Water Resources
Invest igat ions. The approp riatio n in 1921, of $200,000, although inade
qu ate for the complet ion of the t ask, produced a preliminary compre
hensiv e pl an for th e maximum conservation of the state's waters. As
reques ted by the Cha mbers of Commerce, the additional money .has
largely been spent in studies of a fir st unit of this comprehensive' plan
for the relief of some needy section of the state.

The repor t transmit ted her ewith describes an economic program of
ph ysical works for the' importati on of water in to Tulare County. Your
attention is especially invited to the great conservation of water and
the r easonable costs that this plan attains for proposals of such magni
tude. Th ey ar e so in terrelated with other developments, however , that
th ey can not be successfully constr ucted and oper at ed without complete
coordination of th e use of wat er throughout the Sacramento and San
.Toaquin Vall eys. Extended studies are n ecessary to point out how this
can be done. The state's water pr oblems are becoming so complicated
that economic progress in development can be assur ed only by working
to some general pl an based upon a complete assemblage and analysis
of facts such as are under way in the W at er Resources Investigations.
F or these reasons, the recommendations of the report are heartily
endorse d.

In addition to st udies of the first unit of th e comprehensive plan,
considerable work has been undertaken in investigating the practica
bility of cer ta in cont r olling f eatures. The brief period between the
receipt of funds and th e' printing of this r eport has not permitted com
pletion of this part of the work so that a progress report only is made
on this phase.

In presenting this report, I desire to emphasize the valuable assist
ance rendered by th e eng in eer ing profession through its members
ser ving as consultants to the investigations. They have given freely
of their time and thought in service to th e st ate .

Respectfully submitted.

State Engin eer and Director of Public Works.



CONSULTANTS ADVISING W ITH THE DIVISION OF

ENGINEERING AND IRRIGATION

IN THE PREPARATION OF THIS REPORT.

A. J. CLEARY

G. A. ELLIOTT

B. A. ETCHEVERRY

F. C. HERRMANN

W. L. HUBER

A. KEMPKEY

WILLIAM MULHOLLAND



RECOMMENDATIONS TO THE LEGISLATURE OF 1925.

Plans have been complet ed an d estimates mad e for relievin g Tulare

County in its reeding ground-water pl an e through th e construct ion of

a first unit of the comprehensive plan. Th e st udies r eveal that only by

completely coordina t ing the development and use of water in both the

Sac ramento and San Joaquin Va lleys, can these plans be successfully

and economicall y carrie d out . A reconnaissan ce shows tha t other areas

in the San .Toaquin Va lley and in souther n California ar~ approaching

conditions similar to those in 'I'ulare County. 'I'hey too, can have per

manent r elief only through extensive works that r equire complete

coordination of programs for constructing an d di stributing new

supplies in order to make them practicabl e. Present information is

inad equate to prepare advice for so doing. It is urged that ample

p rovision be made for developing additional facts and maturing sound

recommendat ions.





CH AP 'l'E R 1.

COORDINATION OF THE USE OF CALIFORNIA 'S WATERS.

THE PRELIMINARY CO MPREHENSIVE PLAN.

I n 1923, the Division of Engin eering and Irrigation r eported to the
State Legislature upon the ' Vater Resources of California. This work*
assembled the first comp lete inventory of the state's waters that has
ever been prepared. It an alyzed the needs of water for all purposes,
and summar ized the water r equ ir ements of the state's ag r icultur al
lands. Compar ison of these figures disclose that much of Californ ia 's
agricultural lands have less water in thei r vicin ity than is require d
by them for maximum productivity and that the total supply , even
with comp lete conservation, is barely adequate to meet the st ate's
potential demands for water. In conclus ion, a preliminary comprehen
sive plan was outlined for achieving the greatest service f rom the
state's limited water supply.

'I'he 260 reservoirs an d long supply can als of this p r eliminary plan
ar e in dicated on th e ma p oppo sit e page 10. W ithout such reservoirs
and long supply canals, much of the state 's water mu st flow unused
in to the ocean while latent re sources re main dormant fo r lack of water.
Th ese wor ks are sufficient to equalize the er ratic flow in California's
st reams and la rgely overcome the unequal geographic distribution of
the state's waters . Th e plan utilizes all existent r eser voirs, main canals
and distributing ditches . Waters from new sources would be turned
into the systems already in use upon their arrival in that locali ty. In
no instance does it con template the abandonment of local supplies but
rather the importation of supplemental volumes to repl ete their
deficiencies. The main const ruct ive feat ures of th e plan lar gely revolve
about th e distribution of water for ag ri culture. This use predominat es
so gre at ly over all others, th at, at th e present tim e, domest ic and indus
tria l supply is only one-twenty-fifth of the total, whil e most of th e waters
that generate electric power and oper ate mines, bein g applied on
elevated lan ds, are emp loyed a second time at lower levels fo r irrigation.

The studies demonst r ate that a scientifically coordinated pl an for
developi ng the state's waters, will ir ri gate four-fifths of all the agricu l
tural land s and st ill provide for the primary use in domestic sup ply
and for industrial, mini ng, hydr o-electr ic, navigat ion and all other
needs . I n diverting irrigation water below the twenty-five hundr ed
foot contour, the compre hensive plan leaves the great mountain area
free fo r the generat ion of hydro-electric energy except for the irriga
tion of the mounta in vall eys, and thereby insures an undiminished yield
of electric ener gy.

Previous invest igat ions,t whose estimates were based upon a 'con
t inuation of the in coor din ate developme nt of the state 's waters that
is now in progress, limit th e ultimate area that may be irrigated, to
one-half of all the agri cultural lands, a third less than the accomplish-

'Published a s B u lletin s of the D ivision of E ngin eering a n d I rrig a t ion, State
D ep artment of P ublic W orks :

NO.4 "W a ter R esources of Ca lifor ni a,"
No. 5 "Flow in Californ ia Str eam s ,"
N O.6 "Irrigation R equir emen ts of Califor n ia L ands."
t R opor- i o f t he State Conser va t ton Com rn ts s ton of 1 ~ 1 2 .
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merits of the comprehen sive plan. While th e cur rent syst em by which
each project secures an isolated supply as best it may, has enabled
Cal ifornia agriculture through the introduction of ir r igat ion , to resp ond
for many years to the ever increasin g demand for its products; the
easily develop ed waters of the state' are now in full use. The ,1923
re port th erefore concludes, " Areas gre ater than are now under irriga
tion may be water ed without coor din ated development and di stribution,
bu t a limit is heine approached wh er eby united endeavors almost state
wide in extent will b e' necessary to secu r e gre ater service from the
st ate's waters at reasonable costs ."

Th e cost for the ultimate ir ri gat ion development under the pre lim
inary comprehen sive plan of the 1923 r eport , would vary greatly in
th e differ ent local it ies but averages eighty dollars per acre. This is the
averaze cost for all lands wh eth er th ev are now watered or not* and
in cludes th e cost of existing r eservoirs v and also of exist ing canals that
form part of the plan . It comprises expend itur es for construction and
r igh ts of way in stor ing water for a first-class irrigati on supply and
transporting it into the re gions of use. It does not include the cost of
constructing distributing canals, of acquir ing water r ights, of poss ible
litigation over claims to water ri ghts, or of damage suits. Neither ha ve
cr edit allowances been deducted for power that might be developed at
or near th e many dams for st or ing water that are part of the com
prehensive plan.

Quoting from the 1923 r eport, " To effect the watering' of so large an
area at these costs , it is necessary over the bulk of California 's lands
to adop t a coordinated scheme of development and distribution of
water , that comp ri se very large areas in interrelated worKs,;; * *
The plan herein set f orth requires complete coordination of the dis
tribution of water over lar ge ar eas, as well a" in the construction of the
works. 'I'his is necessary in ord er to utilize t he inexpensive stor age sites
to t he greatest adv antage. Dam sites of low cost often have' lim ited
catchment area" draining in to their re servoir s that do not yi eld enough
water to warran t the const r uct ion of high dams when the draft on
them is uniform. But under the coor dinated scheme of operation of
the comprehensive plan , th ese dams may be' erec ted to their full height
and the cheap storage cap aci ty thus created, utilized to the same
advantage as th e capacities behind other more expensive dams. To
secure t his advantage r equires that the draft on all reservoir s be pooled
so that in proportioning th e t ota l draft between the r eservoirs in each
season, th e largest amounts may be taken from the r eservoirs that are
filling the qui ckest. I n this way, * ,~ * r eservoirs with waters heds
of small yie ld may be lef t to fill wit h accumulating waters during the
seasons of plenteous run-off and may be drawn on only during the
d rie r seasons. I n so apportioning the dra ft , exactly the same results
ar e attained in irrigating the land as by th e customs in pr esent use
whereby the waters f rom each r eservoir become attached to a particula r
tract of land and the r eservoir is drawn on r egularly cach year at its
maximum rate of yie ld . * ;; * In either case the same amount of

· It w a s foun d to b e imposs ibl e to sep a r a te the cos ts b etween areas now u nder
water and t ho se yet to be irrigated without a detail d es ign of the plan in each
locality, a w ork of too grea t a m a gnitude fo r the m ea ns a t ha nd . The segre gat ion
is intricate because larg e area s, now classed a s irrigated la n ds, have supplies tha t
a r e deficient during th e la tter pa r t of s ummer an d m a ny project s a re shor t of water
du r ing the en t ir e season in year s of subnor m a l strea m flow . There is stiU much w ork
to be don e in perfect ing these supp li es .



DRAI NAGE BASINS-Listed in numerical order.

34 Sacramento River (Upp er) .
35 Pit River.
36 )lcCloud.
3 7 Cburn Creek Group.
38 Cow Creek
39 Bear Creek.
40 Bat tl e Creek.
41 Ink's Creek.
42 Payne's Creek.
43 Backbone Creek Group.
44 Clear Creek.
45 Cottonwood Creek.
46 Sacramento River.
47 )lill Creek Group.
48 Butt e Creek Group.
49 Feather River.
50 Ilonc ut Creek Group.
51 Yuba River.
52 Dry Creek.
53 Bear River.
54 Coon Creek Group.
55 American River.
56 Red Bank Creek Group.
57 Elder Creek Group.
58 Stony Creek,
59 Willow Creek Group.
60 Cache Creek,
61 Pu ta h Creek,

o

62 Orest imba Creek Group.
63 Panoche Creek.
64 Cant ua Creek Group.
65 Los Gatos Creek.
66 Tejon Creek Group.
6 7 Caliente Creek.
68 Kern River.
69 Paso Creek Group.
70 Deer Creek.
71 Tnle River.
72 Yokohl Creek Group.
73 Kaweab River.
74 Limekiln Creek Group.
75 Kings River.
76 Dry Creek.
77 8an Joaquin River (Upper) .
78 Cottonwood Creek.
79 Fr esno River.
80 Daulton Creek Group.
81 Chowchilla River .
82 Dutchman Creek Group.
83 Mariposa Creek.
84 Owens Creek.
85 Bear Creek.
86 Burns Creek Group.
87 Merced River.
88 Tuolumne River.
8_9 Wildcat Creek Group.

90 Stanislaus River.
91 Lit tleiohns Creek.
92 Mart ells Creek Group.
93 Calaveras River.
94 ~lokelumne River.
95 Sutter Creek Group.
96 Cosumnes River.
9 7 Peta luma Creek Group.
98 Sonoma Creek Tributaries.
99 Napa River Tributaries.

100 Suisun Creek Group.
101 Mt , Diablo Creek Group.
102 San Pablo Creek.
103 San Leandro Creek.
10 4 Claremont Creek Group.
105 San Lorenzo Creek.
10 6 Alameda Creek.
107 ~lission Creek Group.
108 Penitencia Creek.
109 Coyote River.
110 Guadalu pe River.
III Los Gatos Creek Group.
11 2 San F ranclsq utto Creek.
11 3 San Mat eo Creek Group.
114 Smith Rive,'.
115 Klamath River .
116 Shasta River.
117 Scott River.

118 Salmon River.
11 9 TrInity River.
120 Redwood Creek.
121 Mad River.
122 Eel River.
123 Bear Creek._
124 Mattole River.
125 Noyo River Group.
126 Navarro River.
127 Gualala River Group.
128 Russian River.
129 Lagunitas Creek.
130 Salmon Creek Group.
131 Bolinas Creek Group.
132 San Diego River.
133 Santa Ysabel Creek.
134 San Luis Rey River.
13 5 Santa Margarita River.
136 San Jacinto River Tributaries.
137 Santa Ana River TrIbutaries.
138 San Gallrie! River Tributaries.
139 Los Angeles River Tributaries.
140 Malibu River Group ,
141 Santa Clara River Tri buta ries.
14 2 Ventura River.
14 3 .Jalama Creek Group.
144 Santa Ynez River.
14 5 San Antoni o Creek.

o

o

146 Santa Maria River.
14 7 San Luis Obispo Creek Group.
148 Salinas River Trib uta ries.
149 Paiaro River Tributaries.
150 Soquel Creek Group.
151 Pescadero Creek Group.
152 Tule Lake Group.
153 Goose Lake Group.
154 Cowbead Lake Basin.
155 Surprise Vall ey Group.
156 Madeline Plains Group.
157 Smoke Creek Gronp.
158 Eagle Lake Group.
159 Honey Lake Group.
160 Lake Tahoe Basin.
161 Truckee River.
162 West Fork Carson River.
163 East Fork Carson River.
164 West Walker River.
165 East Walker Rlver.
166 ~lono Lake Group.
16 7 Adobe Meadows Group.
168 Owens River (Upper) .
169 Bishop Creek Group.
170 Owens Lake Group.
171 Mojave River.
172 Antelope Vall ey Group.
17 3 Whit ewater River .

/
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W.\TER RESOUR CES OF CALI FORNIA. ii

water mu st be held in storage somewhere for the same length of time,
but a gr eat" adv antage in cost is gain ed over the customary system of
individua l r eservoir-draft, by the select ion 'of the cheap est sites for stor 
ing this wa t er under the syst em of pool ed draft. * * * Th e
coordinat ed scheme of pooling the draft contained in the comprehensive
pl an would r esult in an average construction cost of storage works only
slightly more than half that or the individual r eservoir-draft system."

A GRE AT PROBL E M OF IR RI GAT ED AG RICU LT U RE .

While it is necessa ry for the well-being of a state lik e Califor nia
whose wealth is so lar gely taken f r om the soil, that the way be not
obstructed for ultimately ir r igating' the maximum ar ea of its farm
lands, nevertheless, present concern does not altogether lie in the exten
sion of ir r igat ed areas but r ather · in the financial success of new
pr oj ects as well. Th e 1923 report observes, " Thcr e are now perhaps, a
mill ion or more acr es in Californ ia, f er t ile eno ugh, and with water at
hand , bu t which are failing to produce adequately to pay for all the'
costs in cluding imp rovements on the land. Much of this is in lar ge
holdi ng's and in n ew di st r icts th at have r ecently been brought under
irrigation an d, although it will undoubtedly be closely settled and
produce to capacity within a few years , at p r esent these lands ar e
lacking" in number s of till ers or the soil to r espond to the propitious
agricultural env ironment of the state ."

The cause of these lar ge ar eas being only p ar tly occupied, does not
emanate from sluggishness in the rate of sett lemen t on Cali for nia 's
lands, for California is outst rippi ng all other states of the Union in
the rate of it s increasin g agricu ltural production . On the contr ary,
the cause of the only partly occupied ir r igated lands issu es directly
from the large sizc of new proj ects, that in a yea r or tw o, bring under
irrigat ion in one community, an area of land gr eate r than can be
absorb ed by normal gr owth within as man y decades . During these
year s, many t racts, mak ing lit tl e use of th e availa ble wat er supply, are
heavil y taxed to pay the costs of works unused by them.

It has been suggested that state r egu lation should r edu ce the size
of new project s or retard their initiation unti l lands alr eady possess ing
a supply, become settled. F acts, however , prohibit the state from mor e
than partially exercising such authority. Th e size of pro j ect p roposals
is ever expanding becau se of the increasing d ifficulties of obtaining new
supplies in a state whose easily developed waters are alr eady in use'.
Only throug h the organization of larger ar eas does fur th er pr ogress
become practi cable. Th er efor e, the' cause for the in cr easing size of new
proj ects is physical an d is. not subject t o legislative enactment or
human regulation. Combinations ' may sometimes be discover ed that
permit a r edu ction in their area bu t usually an extensive change raises
the unit cost beyond feasibi lity. On the other hand, for st ate authority
to prohibit one communityfrom initia ting a feasible proj ect because
some other commun ity has unsettled lands; is the exer cise of power that
decides : ~which community ' shall p rosper . New projects, in most
instances, ar e initiated by communities that feel the necessity of intro
ducing irrigation for the preser vation of their continued prosper ity .
It is witnessed by th e past tw enty yea rs, that the thr iving communit ies
are the ones en joying ir rigated agr icultur e, while ne'ighh oring terri
tories without irrigation supplies, fail to maintain normal growth.
3-37577



12 SUppr~E:MENTAL REPOR'l'.

With complete utilization of th e easily develop ed wat ers in the state',
of necessity, n ew projects are becomin g' burdensomely large and risk
failure through the construction of works that may not be put to full
use for many years, becau se th eir community without irrigation, is
doom ed to a stagnant future. Man y plans for rapid colonization have
been evolved and much mon ey has been sp ent during the past several
years, to stimulate' artificially the rate of settle ment on unoccupied
lands so that they might earn their tax payments. The only partly
r ewarded efforts are indicative perhaps, t hat some other solution should
be sought.

At best , th e artificial stimulation of th e rate of settlement or methods
devis ed to increase production on sparsely occupied lands in new
projects can not be more than palliati ve remedies that fail to st rike at th e
cause. Consi de r ing th e problems as a whole , the lands now under irri
gation are so extensive and the enhanced yi eld of Californias soils
when supplied with optimum moisture through irrigation so far sur
passes th e production by dry farming the same area, that , should by
some extreme effort, all lands 110W under wat er produce to their new
capacity, markets would be deluged beyond hop e of profitable sales.
The economic er r or in the irrigation development now in progress is,
therefore, not the lack of production on the partly occupied areas but
their taxation for water supplies that in the aggregate, they can not
profitably apply to the land. To tax lands for heavy costs of irrigation
when th ey can not earn the payments, savors of confiscation of the
person's property who is in least favorabl e circumstances to farm
intensively, fo r the ben efit of tho se most favorably situated. With new
proj ects ever increasin g in size because' of the physical conditions sur
rounding th e dev elopment of the state's waters , and no just way to
retard their initiation, concern for the solvency of new proj ects is
justified and the danger is real.

A solation. is desirable tha t will con f er on al! commu nit ies alike, as
n early as possibl e, an equal opportllnit y to en joy the adv ance in wealth
and prosperity normal to th e iniroduciion. of ir rigated aqriculture.
The coordination of th e development and distribution of the state's
wat ers, scien ti ficall y dbsigned to overcom e th e adverse physical f eatures
of wa fer snpply and geography that are th e direct cau se of the large
size of n ew projects, appears to offe» possibilities of relie] gr eat er than
any other plan.

'I'he pooling of wat ers under th e comprehensive plan, for a large part
would make unnecessary the construction of works by new proj ects fal:
in excess of t heir imm ediate needs in order to obtain const ruction units
suffic iently large to have re asonable costs. Under the pooled plan of
distribution, the water. from an economic const r uction unit might be
tempora r ily served to several districts and so distribute the burden of
development almost ent ire ly to lands actually using water, while an
orderly const ruct ion program might provide for increasing demands.
I f th is could be don e in entirety, the settlement and tax problem in new
irriga tion districts would be lar gely all eviated for the assessment
against the lands not using wat er could be r educed. The coordination
of tent er de1! elopment as propos~d in the convprehensice plan, therefore,
would pro.vule as n.early as poss!~l~ [OJ' th e con tinued. ex pansion of irri
gated aqriculiure w all commumities at reasonable costs, would lighten
th e bu rd en of ta xation against lan d failing to use water, and uiould:
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achieve the greatest ul.timaie seroiee [rom. the state's limited water
s1lpply. For these reasons it is believed that the eiudies of the com
prehensive plan should be continued. lmtil all the facts are known so that
the economic practicability of the plan, 'in whole or in part, may be
determined.

. THE LIMIT TO INCOORDINATE DEVELOPMENT
OF THE STATE'S WATERS.

While the state as a whole may continue to expand and place greater
areas under irrigation without immediate coordination of the use of
water, many communities will soon reach the limit of incoordinate
development. This will be reached first in those sections of the state
whose local supply is least adequate for their agricultural requirements.
Already, areas in the southern San Joaquin Valley and south of
Tehachapi Pass are facing this limit to incoordinate development.
They are areas that derive their supply froni underground water and
over which the combined draught from all the pumping wells has
exceeded the natural replenishment to the subsurface basins. Wherever
this has occurred, well levels have receded and, if additional sources of
snpply are ' not obtained, will continue to drop until the lift to raise
water to the ground surface becomes so great that the cost of pumping
exceeds the value of the water to many irrigators. Agriculture will
then become unprofitable to the block of farms operating on the smallest
margin of profit, and the profits of all will be greatly reduced. Relief
has been partially secured in southern California through the artificial
replenishment of underground basins by spreading flood water over the
surface of gravel beds that it may sink to join the subsurface supply,
as well as by constructing surface reservoirs to impound flood waters.
In the southern San Joaquin Valley, however, there are areas of reced
ing well levels whose local supplies, both surface and underground, are
fully utilized.

. The representations from such areas in 'I'ulare County, in the summer
of 1924, induced the Chambers of Commerce of San Francisco and Los
Angeles to .r aise a fund for the preparation of this report. Measure
ments of the .water level in the wells throughout Tulare County in the
fall of 1924, showed large areas whose underground waters stand more
than 50 feet below the ground surface and smaller areas as much as 100
feet below the ground surface. The se lands are planted to trees, vines,
alfalfa and general crops, are well settled, and support prosperous
communities dependent upon irrigation for production. There is no
local source of additional water available." Investigation of the water
resources of Tulare County in 1920* determined that the draft on the
underground waters of the delta of the Kaweah River equaled the
normal replenishment and on the Tule River delta, exceeded the normal
supply and that the entire flow of the surface streams, except in seasons
of very heavy run-off, is either diverted directly for irrigation or per
colates from the stream channels into underground basins. Comparison
of the measurements taken in the fall of 1924 with those taken in-1920,
show that the well levels throughout Tulare County have dropped from
fIve to thirty-five feet during the last four years. 'I'hese are the areas

'Bulletin No. 3 of the Division of Engineering and Irrigation . State Depart
ment of Public 'Yorks, "Water Resources of Tulare County and Their Utilization,"
by Prof. S. T. Harding of the University of California.
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in central California in acute n eed of an outside source of supply.
Several wet seasons would help thes e communities but only additional
water from a distant source can bring permanent relief.

There are also areas in K ern County, next southerly to Tulare
County, that are approaching similar condit ions. Th e lands in the
southern San Joaquin Valley that are now overdrawing their local sup
plies togeth er with th ose approaching a similar situat ion, approximate
a half million acres as fertile as any in the state, Adjacent to these
lands, also, are several million more acres of rich ag ricultur al soil,
unproductive without water, that will forever remain so unless an out
sidesource of supply is obtained. 'I'herefore, a very lar ge quantity of
imported water will eventually be needed in the' southern San Joaquin
Vallev.

In ~outhern California, there are also extensive irrigated areas draw
in g on ground wat er for their supply. Measurements of depth to
water in a large number of wells in 1922 and again in 1924, show a
general declin e over practically th e en tire region with great variation in
the different parts. In one section, th e water plane dropped 100 feet
during the two years. Th e recession over considerable areas was as
much as 20 to 40 feet. Unlike 'l'ulare County, however, there are some
flood waters that pass off into th e ocean , unused. Since r eservoir
sites are few in number and their dams are generally expensive, flood
waters from several str eams are being spread over gravel areas to
ar tificially r epl enish the underground supply . The practice ' can be
extended to advantage but th e limit of relief from local sources is near
at hand. .

The investigations of 1921-23 indicate that hardly half of the 2,300,000
acres of agricultural land on the Pacific slop e of southern California
south of Santa Barbara Cha nnel, can receive a full supply of water
even under a completely coor dinated developm ent of all local sources.
The rapid transition of mu ch of this area from rural to urban com
munities does not lessen th e total quantity of water needed, for cities
of fair maturity use water about equal to former agricultural needs.
These studies show that in total, not more than 250.000 acres of new
lands can ever be watered from local sources. . .

A further survey of southern California conditions in the fall of 1924
cor roborates the findings of th e 1923 report and also indicates, that,
in stead of expans ion being Limited to 250,000 acres, about a million
acres of new lands may be furnished domestic, irrigation or industrial
supplies by coordinating local development with the importation of
water. Three thousand' cubic feet p er second would eventually have to
be obtained. There being no nearby source of additional supply, great
works to bring in water from a distant source will be necessary. Pre
liminary r oconnoi ssance indicates that such a supply may be had from
th e Colorado River, Becau se of th e time required to evolve the com
pletion of such large ent er pr ises, the approach to the limit of in coordi
nate development in many locali ti es, and th e exceptionally rapid
gr owth enjoyed by this territory, it is important for the uninterrupted
expansion and continued prosperity of southern California that plans
for the coordination and development of additional supplies from
distant sources proceed at once.
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FIRST UNIT OF COMPREHENSIVE PLAN IN SAN JOAQUIN
VALLEY.

AREA TO BE IRRIGATED.

The donors of the fund raised for the continuation of the Water
Resources Investi gation,' r equ est ed that a fir st uni t of the comprehen
sive plan be devised for the' relief of a needy section of the state. Sub
sequent field examination indicated that certain areas in Tular e County
on which the pumpin g from the underground basins has exceeded
repleni shment, are in imm ediate n eed of imp or tations. W ithout other
local sources of su pp ly, parts of this most prosperous agricultural sec
tion face the recessio n of their well levels to depths that will force the
abando nment of irr igati on on many farms. Measurem ent s show that
already th e well levels over 200,000 acres are f rom 30 to 100 feet below
the ground surfac e.

Tliere are also other areas in Tular e an d K ern counties tha t are
approaching like conditions. Normal growth of these communities will
entail additiona l drafts on their underground waters and examination
shows that but lit tl e additional is avai lable . These areas in Tulare
County are only the first to feel the press of an overdraft on their
wat er supply . Proposals to bring in water from a distant source', there 
fore, should be cap abl e of expansion for a large quantity of imported
water will eventually be needed in order that normal growth may be
main tained in the communities of th e southern San Joaquin valley.

PRELIMINARY PLAN OF 1923.

The Water Resources Investi gation of 1921-23 dete rmined that, dis
tributed by a, coordinated plan, th ere is en ough water in th e Sacramento
San Joaquin drainage basin for all its agricultural lands. The plan
evolved provides for taking the sur plus water of th e Sacramento River
to areas of deficient supply in the San Joaquin Va lley. It would collect
the surplus in the r iver channel and divert it at sea level int o the mouth
of the San J oaquin River by a barr ier across the bay below the con
fluen ceof the two rivers. From here it would be boosted by pumps
into a grand canal running souther ly along the west side of the San
Joaquin Valley. Pumping plants at intervals along this canal would
raise the water against the grade of the valley floor.

PLAN FOR CONVEYING WATER THROUGH SAN JOAQUIN VALLEY
TO MOUTH OF FRESNO SLOUGH.

'I'he more detailed studies preparatory to this r epor t have determined
upon means for conveying the importations into the' San ' J oaqu in
Valley, superior to tho se of the preliminary comprehensive plan.
Instead of excavat ing a hu ge canal on the west sid e of the valley, the
present river channel would be utilized by plac ing low dams with
pumping plants, at in ter vals alon g it. Th e dams would form a ser ies
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of ponds in the river channel, each successively about ten feet higher
than the' one before. The pumps at each darn would boost the water
from th e lower to th e higher level. An arrangement of this kind would
cost less th an half as mu ch as a grand canal; would promote the con
servation of water , fo r none could flow by th ese darns to the sea ; would
furnish a more flexible system of works for progressive development
and have a lower maintenance an d ope rati ng cost than a grand canal ;
and would cre ate no new obst acles to communica t ion and traffic on the"
land . As structures in a st re am of th e navig-able cla ss, plans for the
darns would requ ire the approval of feder al authorities. However,
such a seri es of darn s could be adapted to the improvem ent of navigation
should this be found desirabl e. In] 917, th e Federal Board of Engi
nee rs f or Ri ver s and Harb ors r eported upon a project to make the
Sa n Joaquin Ri ver navi gabl e the yea r round by the construction of
darns equi ppe d with locks for passing vessels . They concluded that
the cost of these facilities exceeded the benefit th at migh t be derived
fr om their use for navigation alone.

Preparatory to this r eport , field surveys wer e made for a series of
darns for irrigation purposes. Fourteen darns were located, spaced 9
to 18 mil es apar t. A pumping pl ant at th e side of each darn would
boost th e imported water 154 mil es southwar d against th e grade of
the valley floor to the mouth of F'resno Slough. The aver age static
lift at each darn would be 11.3 fect. Th e ser ies would r aise the water
159 f eet above sea level.

The su rvey shows the cha nnel of the San J oaquin River , upstream
to the confluence of th e Tuolumne, to average 320 feet wide with high
banks. Southward from the Tuolumn e, the chann el becomes shallow
and beyond th e Mer ced th e banks in many 'p laces are not more than
seven or eight feet above the bottom of the chan nel. The first two darns
which ar e downst ream from the Tuolumn e', would be less than bank
height, bu t the other twelve would extend seven or eight feet above
ground level. Levees would have to be construct ed , along th e banks
to confine the water to th e r iver channel. However, the height of levees
r equired fo r this purpose would be less than th at needed to reclaim the
adjacent lands from flood inundation. A levee system, designed for the
r eclam ation of th e overflow lands, would ther efore an swer all purposes
for pumping irrigati on wat er.

"Wings would have to be construc ted on eit her side of the darns
up st r eam f r om the Tuolumn e River , to join th em with the flood contr ol
levees. These wings, as also the dams themselves, would have to be
r emoved to pass floods during the hi gh water season . 'I'he flow in the
lower r eaehes of the river may become as gr eat as 150,000 second-feet.
'I'he diversion weir of the Sa JI .Joaquin and Kings River Canal and
I rrigation Company, near the mouth of Fresno Slough, fulfills the
r equirements and has st ood the test of sever al years . Its main features
are permanent p ier s with r emovable flashb oards and a ga te opening for
passing' small boat s. 'I'hi s ty pe of dam was ad opted for the est imates.

In holding the water behind th e dams south of the Tuolumne River
above ground level, t he low land upstream from each darn on either
side of th e river will be affected by seepage. The. maximum height
above ground of the water level behind any dam , is eight feet. 'I'his
would become' progressively less "nntil at th e darn next upstream, it
would be severa l f eet below ground surface. These conditions, although
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mor e protracted, are less sever e than during flood stage in the r iver,
so that, fo r the most part, it is probable that drainage wor ks adequate
f'or th e r eclamation from floods will be sufficient.

'I' he pumping pl ant at the side of each dam would lif t the water
directly from one pond into th e oth er . The pumps would be in stalled
in 500 second-f oot units. 'I'he plants would consist of vertical, direct
connected, electr ic-dr iven, screw pumps. Thesc pumps have good
efficiencies at low head s. For the conditions her e outlined, a plant
efficiency of 70 p er cent should be obtained. Th e plants would bc con
structed with the moto rs abov e the high-water level.

REDUCTION OF PUMPING LIFT BY EXCHANGE OF WATERS.

']'he lands in Tular e County in need of an outside supply lie at eleva
tion s of 250 to 350 feet abov e sea level. To pump the Sacramento River
water from sea lev el would place a heavy charge against these lands,
more than they could afford to pay at the present t ime. This can only
be avoided by an exchange in supply with the lands of low elevation
that are now ir r igated from the Sa n J oaquin River . By serving th ese
lower lands from the Sacramento River , the equivalent amount of
water ser ved them could be conveyed southward by gravity from a high
elev ation on the upper San J oaqui n River . I r rigati on on the lower
lands, in r eceiving the equiv alent to their customary supply . would not
be affected by the exchange. Under an ar rang ement of this kind. t he
San Joaquin River could be diverted southward f rom Friant at eleva
t ion 420 feet above sea level, whi le the lands rece iving exchange water
lie at elevations less than 160 feet. There are 320,000 acres now
irrig-ating from the San .Joaq uin River with which such an exchange
migh t be effected .

Th e canal conv eying water southwar d f r om the San Joaquin River
would meet the Kings; the next large r iver southerly from the upper
San .Joaquin , at elevation 340 feet . A second exchange of waters on
th e Kings River would mak e possible a gravity canal leading from the
Kings River southward through the heart of the Tulare County lan ds
in .need of an outside supply. I n this exchange, San Joaquin River
water would be deliver ed to lands now irrigated from th e Kings River,
and an equivalent amount would be diverted sou thward from the Kings
Riv er at the highest possible elevat ion . Altogether, t her e are lands
under water from the Kings Riv er below crossings of the suggested
canal from Sa n J oaqui n River whose full supply equals 8700 second
feet. As on the lower San .Joaquin, such an excha nge 'would not affect
the irrigation now depen den t upon Kin gs River , fo r these lands would
receive thei r customary supply ill t ime an d in quanti ty , as usual. If
these two exchanges in sup ply could be effected, a total pumping head
of 340 feet could be saved in providing .an outside source of supply for
'I'ulare County withou t in any way impairing either the present or
futu re supplies of other lands in the San Joaquin Valley ,

PRO POSA L S DEPENDENT UPON COORDINATING THE USE OF WATER
IN SACRAME NTO AND SAN JOAQUIN VALLEYS,

It is improbable that th e exchange of waters here described could be
effected under th e cu rrent syste m of isolated supplies for individua l
projects, each secure d and mainta in ed as best it ma~' , If t hey were ,
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the p rotection of the ri ghts possessed by lands with which exchanges
were made, would become so comp lica ted that the risk of their loss
would be great . Al so, these exchanges would aggr avate the complaint
r egarding in cursions of salt water into the channels of the island re gion
on the lower Sacramento and San Joaquin Ri ver s, that is now th e sub 
jeet of court action against all upstream diversions. Further, while
t he 1921-23 studies demonstrated that there is more than enough water
in th e Sa cramento Valley ' for its own use, they also show that the
surp lus of easily develop ed water , is not so great bu t that it s r esidents
would be gravely conce rned that the cost of their own water dev elop 
ment might not be increased by expor tat ions. Expensive r eservoirs fo r
impounding, flood water will have to be constructed befo re much more
Sacramento River water can be utiliz ed. Again, the transportation of
export water past the diver sions along the main channel of the Sacra
mento River , espec ially during seasons of low 'flow, would be r epl ete
with str ife' and contention. Only as the development of sur plus water
for expor tation is completely coordinated with local use in the Sacra
mento Va lley, could its r esidents be exp ected to acquiesce. In fact, the
whol e discussion of the diversion of surplus waters from the Sacramento
River into th e San Joaquin Valley , mu st be predicated upon the institu
tion of a coor dinated developm ent in both valleys th at gives full pro
tecti on against present or future loss to the owner s of vest ed rights and
to p resent user s of water as well as to those pot ential user s whose lands
lie tributary to streams from whi ch expor tations of water are proposed .

F'or these reasons, the proposals for the fir st unit of the comprehen
sive plan, can at this time be presented only as a mark of progress in
the solution of the gr eat problem, as a solu tion of it s physi cal aspe cts
and illustrative of the possibiliti es of attainment through coor dination
of effort. At present, it can be declared fea sibl e only as to the physical
works r equired in its execut ion . 'I'her e ar e st ill important problems to
be solved in the protection of property ri ghts and arrangement for
guarantees befor e the pl an can be declared f easibl e in all r esp ects. An
equitable solution req uires the assemblage of more in formation than is
now at hand and much furth er study.

DESCRIPTION OF FIRST UNIT OF COMPREHENSIVE PLAN
IN SAN JOAQUIN VALLEY.

Th e locations of the suggested dams and pumping plants alon g the
San .Joaquin River for boosting imported water southwar d, are indi
cate d on th e accompa nying map, opposite this pa ge. F or the first unit
of the comprehens ive plan, a project of 1000 second-feet capacity , only
six oEthe fourteen dams on themain river channel are requir ed. These
six, with one dam an d pumping plant on Salt Slou gh, a tributary to
the Sa n Joaquin extending westerly towards Los Bano s, an d three
pumping plants 011 a cut extending from Salt Slough, would lif t the
water to elevation 119 on the mai n can al of the San J oaquin and Kings
River Cana l and Irriga t ion Company n ear Los Banos. 'I'here is a
sufficient ly large area served from this canal below elevation 119 for
an exchan ge of a 1000, second-foot supply.

Th e second unit ofthc comprehensi ve plan would use all 14 of the
suggested clams along th e main channel of the San .Joaquin River
whi ch would lift the' water to elevat ion 159 at the mouth of Fresno
Slough. There are are as irriga ted from the San Joaquin below this
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elevation sufficient for a total exchange supply of 3000 second-feet.
Sacr am ento River water could be carried still further up the San
-Ioaquin Vall ey by eontinuin g th e ser ies of darns and pumping plants
in Fresno Slough.

A field survey was run f or the canal conveying San J oaquin River
water southwa r d in exchange for whi ch Sacramento River water would
be imported to the lower lands along the 'San Joaquin. This line leaves
Friant on the upper Sa n Joaquin, at elevat ion 420 and passes through
rolling foothills for a distance of ni ne mil es, 'I'he first five' miles of
this are sid ehill construction. It then emerges on the va lley floor . Here
it passes 4000 acres of first-class lands now f armed principally to gr ain
or pasture and without a water supply . The line then crosses the
Fresno and Consolidated Irrigation Districts and meets the Kings
River at elev ation 340. 'I'he total length of line from F riant to the
Kings River is 32t miles. It cr osses the main canals of the Fresno
and Consolidated Irrigati on Districts that divert from the Kings River,
above lands whose full irrigation supply is 3000 second-feet, It meets
the Kings River above other diversions whos e full supply is 5700
second-feet. Ther e is, therefore, a supply of 8700 second-feet available
on th e K ings in excha nge for San Joaquin River water.

Kin gs River water, to the amount of San Joaquin River water given
in exchange, would be diverted at elevation 420, the hcad of the Alta
Irrigation District ma in can al. The first 32 miles of the line south
ward from the Kings, would be an en lar gement of the main canal of
the Alta Irrigation Di strict. This canal now ha s a maximum capacity
of 1200 second-f eet. It would have to be enlarged to car ry both sup
plies. In diverting at elevation 420, th e Alta canal flows alon g the base
of th e Sierra foothills, terminating at Sevill e. Its locat ion is as high
as can be obtained without running into very costly sidehill work.
From the end of the Alta canal, th e' line takes off in a souther ly direc
tion through Tulare County as shown on the map opposite page 18.

Under this scheme of works, th e actual water distributed in Tular e
County wou ld come from the Kings River. To supply this in the
r equired volumes during the summer and fa ll months, necessitates
storage. Without storage on the Kings River, an exchange would
be limited to a fcw hundred second-feet during th e lat t er part of the
irrigation season excep t in years of lar ge run-off, for the flow drops as
low as 300 to 500 second-feet du ring the month of September. 'I'he
K ings River ' Vater Conservat ion Dist r ict proposes to construct the
P in e F lat r eser voir on the Kings River that will serve an equalized
supply to about 1,000,000 acres. This would furnish ample stor ed
water for the Tulare County div ersion.

In order to compensate Kings River diversions for stored water
diverted into Tulare County, a r eser voir would have to be constructed
on the upper San Joaquin River . 'I'he San Joaquin River Water
Storage District cont emplates the constructi on of a lar ge r eservoir on
the San Joaquin near Friant. On fruition of these plans, stored water
wou ld be available for compensation to the Kings River d iversions .
It wou ld then have to be r epla ced in the San Joaquin diversions by
water from th e Sacramento drainage area. Th ese exchange s -would
all be made by delivering an equiva lent supply, both in time and in
volume, to the lands receiving oth er water in place of their customary
an d r ightful supply.
4-37577
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W ere a proj ect of this characte r constructed under th e comprehensive
plan. the dams in th e channel of the San .Joaquin River would stop
much unused water from running into the ocean . Mingled with the
mountain run-off, would be a certain amount of r eturn flow or water
draining back into th e channel after use on the land. Samples were
taken at the mouth of each tributary during the fall of 1924, when
all mountain water was being div erted and only return water was
flowing in the chann els. Chemical analyses of these samples indicate
its su itability for irrigation use. Th e total amount of water interc epted
by these dams would probably be enoug h for several years, to furnish
a full supply to th e first unit of th e comprehensive plan without
Sacramento River wat er.

Although most of this water would be' subject to claim by owners of
riparian and progressive appropriation rights, under the pooled system
of distribu tion of the comprehens ive plan, it would be t emporarily
available to the Tulare County project during the period in which the
claimants failed to use it . The construction of works for developing
Sacramento River water in the first unit of the comprehensive plan,
therefore, might be deferred for a period after the initiation of the
project .

After a time, however , Sacramento Riv er wat er would be r equired
by th e first unit of th e comprehensive plan . Except for possible legal
ent anglements, it could be develop ed either by the construction of a
mountain r eservo ir in th e Sacramento Ba sin or by the construction
of the barrier below th e mouth of the Sacramento and San Joaquin
Rivers. If the equivalent to the water released from storage into the
Sacramento River wer e pumped from the lower San Joaquin, it would
not pa r ticular ly disturb the conditions of low water flow in the two
rivers. 'rhus, although th e barrier is not a physical necessity to the
first unit of the comprehensive plan in the San ;Joaquin Valley, it is
an essential feature of the ultimate diversion of Sacramento River
water into the San Joaquin, for without it, there can not be the com
plete conservation necessary to develop the large volumes of surplus
Sacramento water ·for exportation; but unless its constr uct ion were
assured, undoubtedly the first unit of the comprehensive plan would
become embr oiled in the wat er-right controversies sur rounding the
in cursion of salt water into th e delta r egion of the Sacramento and San
Joaquin Rivers , an d be subjected to cour t injunction.

If the barrier wer e const ructed, th e first unit of the comprehensive
plan in the San Joaquin Valley would not need stor age works in the
Sacramento basin. The barrier would conserve the entire low flow of
both the Sacramento and San Joaquin Rivers, more than sufficient for
the first unit of the San Joaquin diversion.

EST I MATE OF CONSTRUCTION COST OF
F IR ST U N IT OF COMPREHENSIVE PLAN
ONE THOUSA ND SECOND -FEET CAPACIT Y .

'I'he following is the estimated cost of constructing the first unit of
the comprehens ive plan in the Sa n , Joaquin Valley . Assuming the
completed construction of the r eservoirs of the Kings River Conser va
tion Di strict and of th e San Joaquin River W ater Storage District,
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it contains th e costs of all physical wor ks necessary for its ultimate
execution, It does not, however, couta in a proportional charge fo r the
barrier across the bay below the mouth of the two rivers but instead,
contains the cost of storing flood watcr for r elease' into the Sacramento
River during the months of low flow. It is estimate d that the charge
f or storing water in the Sacramento basin is a substantial equivalent t o
a proportional charge for the barrier, becau se, by const r ucting this
storage, except for legal entanglements, the first unit could proceed
without particularly disturbing the flow of th e Sacramento or San
Joaquin Rivers. ,

I n enter ing a cost f or stor age on th e Sacramento drainage area, no
attempt was made to designate a particular r eservoir since this need
not be constructed for sever al years, but an amount was est ima ted that
should n ot be exceeded if one wer e selected . The storage capacity
needed could be' most cheaply obtained in combination with some other
r eser voir project. Any storage in the Sacramento basin offeri ng an
advantageous combinat ion is adaptable to the first unit of the compre
hensive p lan.

'I'he en tire cost of th e dams in th e channel of the San J oaquin River
is entered although part of their expense should be a deferred charge
to .ot her units of the comprehensi ve plan for conveying surplus Sacra
mento Riv er water in to the San Joaquin Valley . Placing these dams
in the river channel furnishes a conduit of adequ ate capacity for any
quantity of water th a t may ultimately be pumped up the gr ade of the
valley. Th e capacity of the pumping plants only , would have to be
increased as add it iona l units iar e ad ded to the compr ehensive plan.
Also, it may prove desirable to plan these dams for combination with
a navigation project. In such an event, the cha rge to the irrigation
project may be less th an the entire cost of the dams .

The full cost is entered of the levees that are required to confine t he
water behind the dams to the river channel, although levees of greater
dimension would have to be constructed in rec laiming adjacent over
flow lands ; howev er , no char ge is mad e for draining low lands along
the river, for the drainage works required for r eclamation against
floods, would probably exceed those needed f or this proj ect and drain
age would be of doubtful value to the lands unless r eclaimed.

Summary of Construction Cost On e Thousand S econd-Foot P roject.

Annual gross supply 330,000 ac re-feet.
Gross duty 2.7 acre -feet per acre.
Net duty 2.0 ac re -feet per ac re .
A rea to be i r r iga t ed 120,000 acr es,
S torage capacity r equired 140,000 acr e-feet.
R equired {; dams and pumping pla n ts on San Joaquin River.
H equ ired 1 da m and pumping plant on Salt Slou gh.
Required 3 pump ing pl ants and connec ti ng canal on Salt Sl ough extens ion .
R equired 40 mil es levee of va r iable height on each bank of San Joaquin

River a nd Sal t Slough.
Excha nge wate r deli ver ed in to mai n ca nal of San J oaqu in and Kings

River Ca nal and Irri ga ti on Company near Los Banos at elevation 119 .
Requi red 112 miles of cana l-:E'riant to E a rlimart.
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immediate e;l'pe Il8e-
7 dams in San Joaquin R iver and Sa lt Slough.,, _
10 pumping plants ~ _
Salt Slough extension _
L evees on banks of San .Ioaquiu R iver and Salt

Slough _
F riant-Kings River ca na l _
K ings R iver-E a rlimart canal _

Total immediate cosL _

Def err ed eXIJen',e- "
140,000 acre-feet st orage capacity at $25 _

Total

$1,364 ,000
2,180,000

196,500

1,257,600
2,349,800
2,028,9 00

$9,376,800 .

3,500 ,000

Cos t per acr e
$11 40

18 20
1 60

10 50
19 GO
16 90

$78 20

29 10

Total cost, immediate and deferred $12,8 76,800 $107 30

ESTIMATE OF ANNUAL OPERATING COST
FIRST UNIT OF COMPREHENSIVE PLAN
ONE THOUSAND SECOND-FEET CAPACITY.

In estimating the annual costs of operation of the first 1000 second
foot unit of the comprehensive plan, it is thoug ht that the dams in the
channel of the San J oaqu in River for many years, would inter cept
wat er sufficient that not more than the equ ivalent of one-half of the
season's supply would have to be pumped f rom sea level. The amount
of water in t er cepted by the several da ms would vary f rom season to
season and the cost of energy wou ld va ry accordingly . Attendance at
the dams the year round is included in the costs so that the only
increase in the total for pumping"a greater amount of water would be
in the energy charge. It would be a number of year s before the power
consumption in anyseason would exceed the cost entered as immediate.
If the entire supply were pumped from sea levei in any season, the
total charge would be $4.60 per acre.

Summary-Annual Ope rating Cost One Tho usand Second-Foot Project.

Imm ediate eXIJense-
Energy cost _

Interest, maintenanc e, operation and depreciation
Dams and pumping plants on San Joaquin River

and Salt Slough _

Levees on San J oaquin River and Sa lt Slough _
F'riant-Earlimart ca nal _

Total an n ua l cost, imm ed iate _

Deferred expense-
E nergy cost _

Interest , mai ntenance, ope ration and depreciation-
Reservoir, capacity 140,000 acre-feet _

Total a n nual cost, deferred _
Total annual cost, immediate and

deferred _

Annual
Annual cost cost per acre

$278,000 $2 30

407 ,600 3 40
123 ,500 1 00
325,800 2 70

$1,134,900 $9 40

$278,000 $2 30

238,500 2 00

$516,500 $4 30

$1,651,400 $13 70
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DETAIL OF ESTIMATE OF CONSTRUCTIO N COST OF FIRST
UNIT OF COMPREHENSIVE PLAN.
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One T hou s and Secon d- Foot Proj ect.

Annual gross supply 330,000 acre-feet.
Gross duty 2.7 acre-feet PCI' acre.
Net duty 2.0 acre-feet per acre.
Area to be irrigated 120,000 acres.
Storage capacity required 140,000 acre-feet.
Required 6 dams and pumping plants on San Joaquin River.
R equired 1 dam and pumping plant on Salt Slough.
l{equired 3 pumping plants and connecting canal on Salt Slough extension.
R equired 40 miles levee of variable height on each bank of San J oaquin

River and Salt Slough.
IiJxchange water delivered into main canal of San Joaquin and Kings

R iver Canal and I r riga tion Company near Los Banos at elevation 119.
Required ,112 miles of canal-i-Fa-iant to Earlimart.

Dam No.1-Length 280 Feet.

Excavation, dry, 1400 cubic yards at $1.00 _
Excavation, wet , 2800 cubic yards at $1.50 ~ _
Concrete retaining walls, 1120 cubic ya rds at $25.00 _
Concrete cut-off walls, 672 cubic yards at $25.00 _
Concrete base, 1120 cubic yards at $25.00 ., _
Con crete pi ers , 672 cubic yards at $25.00 _
Concrete deck and superstructure, 467 cubic yards at $30.00 ,__
Piles, 8400 lineal feet at $2.00 _
Gates and hoisting apparatus - - --- --- - - ------------- ----_
Navigation gate and drawbridge _

Construction cost , _
I n terest during contruction at 6% _
Contingencies at 15%_: _
Engineering and administration at 10% _

Cost

$1,400
4,200

28,000
16,800
28.000
16,800
14,000
16,800
26,600
14,000

$166,600
10,000
25,000
16,700

Total cost $218,300

Dam No.2-Length 340 F eet.
Excavation, dry, 1700 cub ic yards at $1.0o _
Excavation, wet, 3400 cubic yards at $1.5o _
Concrete retaining walls, 1360 cubic yards at $25.00 _
Con crete cut-off walls, 816 cub ic yards at $25.00 _
Concrete base, 1360 cubic yards at $25.00 0 _

Concrete piers, 816 cubic yards at $25.00 _
Concrete deck and superstructure, 567 cubic yards at $30.00 _
Piles, 10,200 lineal feet at $2.00 _
Gates and hoisting apparatus _
Navigation gate and drawbridge _

Construction cost , _
Interest during construction at 6% ...: _
Contingencies at 15% _
Engineering and administration at 10%, _

$1,700
5,100

34,000
20,400
34,000
20,400
17,000
20,400
32,300
17,000

$202,300
12,100
30,300
20,200

Total cost __-- - - -- ~ _ _ $264,900
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Dam No.3-Length 200 Feet.
Excavation, dry, 1000 cubic yards at $1.00 _
Excava tion, wet, 2000 cubic yards a t $1.50 _
Concre te retaining walls, 800 cubic ya rds at $25.00 _
Concret e cut-off wa lls ; 480 cubic ya rds at $25.00_':' , _
Concrete base, 800 cubic ya rds at $25.00 '- _
Concrete piers , 480 cubic yards at $25.00 _
Concrete deck and superst ru ct ure , 333 cub ic ya rds at $30.00 _
P iles, 6000 li neal feet at $2.00 _
Ga tes and hoi st ing apparatus _
Navigation gate and drawbridge _

Cons t ruct ion cost _
Interes t during cons t r uction at 6%- _
Continge nc ies at 15% _
Engin eering and administration a t 10% _

(Jost

$1,000
3000

20;000
12,000
20,000
12,000
10,000
12,000
19,000
10,000

$119,000
7,100

17,900
11,900

T otal cost $155,900

Dam No.4-Length 340 Feet.
IDxcava tion , dry, 1700 cubi c ya rds at $1.00 _
IDxcava ti on, w et , 3400 cnbic yards at $1.50 _
Concrete retaining walls, 1360 cub ic yards at $25.00 _
Con crete cut-off walls, 816 cub ic ya rds at $25.00 _
Concre te base, 1360 cubic ya rds a t $25.00 _
Conc re te piers, 816 cubic yards a t $25.00 _
Conc re te deck and supers t r ucture, 567 cnbic ya rd s at $ao.oo _
P iles, 10,200 linea l feet a t $2.00 _
Ga tes an d hois ting apparatus _
Naviga tion ga te and drawbridge _

Con struction cost ------- -- - -------- _
Inter est during construction at 60/0 _
Contingencies at 150/0 _
Engineering and administration at l ()O!o -

$1,700
5,100

34.000
20,400
34,000
20,400
17,000
20,400
~2,300

17,000

$202,300
12,100
30,300
20,200

'rotal cost ,_______________ ________________ ____________ $264,900

Dam No.5-Length 240 Feet.
Excavation, dry , 1200 cubic yards a t $1.00 _
Ex cav ation, wet, 2400 cubic ya rds at $1,[·,0 _
Con crete reta in ing wall s, 960 cubi c ya rds a t $25.00 _
Concre te cut -off walls, 576 cubic yards a t $25.00 _
Concrete base, 960 cubic yards at $25.00 _
Concrete piers, 576 cubic ya rds at $25.00 _
Concrete deck and supe rs t r uctu re, 400 cubic ya rd s a t $30.00 _
Piles, 7200 lineal feet at $2.00 _
Ga tes and hoisting apparatus · _
Nnvigatiou gate and drawbridge _

Construction cost __, _
I n teres t dur ing constru ction at 6% _
Contingencies at 15% _
Engin eering and administration at 10% _

$1,2(1)
3,600

24,000
14,400
24,000
14,400
12,000
14,400
22,800
12,000

$142,800
8,600

21,400
14,300

'rota I cost $187,100

Dam No.6-Length 200 Feet.
E xcavation, dry, 1000 cubic yards at $1.00 _
Excavation, wet, 2000 cubic yards at $1.50 _
Concrete retaining walls, 800 cubic yards a t $25.00 _
Concrete cut-off wa lls, 480 cub ic yards at $25.00 :. _
Concret e base, 800 cubic yards a t $2.c'i.OO _
Concrete piers, 480 cub ic yards at $25.00 _

$1,000
3,000

20,000
12,OtXI
20,000
12,000
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Con crete deck and superstructure, 333 cubic yards at $30.00 _
Piles, 6000 lineal feet at $2.00 _
Gates and hoisting apparatus _
Naviga tio n gate an d drawbridge _

Cons t r nc t ion cost ., _

I n teres t during construction a t 6%- --- - - - - - - ---- - - - ---- - - ---- - - - -
Contingencies a t 15% _
Engineering and administration at 10%- _

25

Cost
$10,OO<J

12,000
19,000
10,000

$119,000
7,100

17,900
11,900

Total cost $155,900

t
Dam No. 7A-ln Sa lt Slough-Length 150 Feet.

Excava tion, dry, 750 cubic yards at $1.00 _
Excavation, wet, 1500 cubic yards a t $1.50 _
Concrete retaining wa lls, 600 cubic ya rds at $25.00 _
Con cr et e cut-off walls, 360 cubic yards at $25.00 _
Con cr et e base, 600 cubic yards a t $20.00 _
Concrete piers , 3(;0 cubic yards at $25.00 -.: _
Concrete deck and superstructure, 250 cubic yards at $30.oo ~_
P iles, 4500 lineal feet at $2.00 ._
Gates a nd hoisting apparatus __, _
Navigation gate and drawbridge _

C onstr uction cos t _
I nterest during const ruction a t 6% _
Coutiugencies at 15% - - --- -
Engineering a nd admin istration at JO':1c _

$730
2,250

J u,OOO
0.000

15.000
9,000
7,50fl
9,000

14,300
7,500

$SO.300
5,400

13,400
8,900

Total cost !l'l l7,000

Summary of Dams.
I) am N o. 1 ~ _
Darn No. 2 , _
Darn No. 3 _
J)arn No . 4 _
Darn No. 5 '- _
Darn No . 6 . _
Darn No . 7A . _

$21S,300
264,900
155 ,900
264,900
I S7,10n
155,900
117,000

'rota I cost of dams $1,364,ooO

Pumping Plants.
'J'y pical P lnnt-l000 second-j cet capacit y.

IDxcava ti on , dry , 1800 cubic yard s a t $0.50 _
J<}xcava tion , wet, 1600 cubi c ya rds at $2.50 _
Concrete in ret aining walls, 420 cubic yards at $25.00 _
Conc rete in intakes and pump sumps , 275 cubic yards at $30.00 _
Concrete in Venturi tu bes , 200 cub ic ya rds at $35.00 _
Concrete in bui ldings and ext ras, 255 cubic yards at $35.00 _
L in ing outlet ca na l, 5000 square feet 'a t $0.25 _
Pumps and elec t r ica l equipment, 2 units at $42 ,870 _
Transformers, 4 at $5,OOO ~ _
Operators' hou ses, 3 with water supply _
Roads, 2 miles at $2,500 _
Side levees, (;250 cubic yards at $0.20 _

Con s truction cos t _
Interest during construction at 6% _
Contingencies at 15% _
Engineering and administration a t 10% -' _

$900
4,000

10,500
8,250
7 000
9;000
1,250

85,750
20,000
13,500
5,000
1,250

$100,400
10,000
25,000
16,600

Tota l cost of .ty pical pumping pla nt., ~ .. $218,000
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Summary of Pumping Plants. Oost
On San Joaquin R iver and Salt Slough, 7 plants at $218,000 $1,526,000
On Salt Slough lDxtens ion , 3 plants a t $218,000__ ________________ 654,000

T otal cos t of pumping plants $2,180,000

Salt Slough Extension-Length 3 Miles.
Excavation, 250,400 cubic ya rds a t $0.25 _
Concrete lining, 728,640 squ are fee t at $0.12 _

$62,600 .
87,400

Cons t ruction cost . ~ . _
I nter est durin g construction a t 6% _
Con ti ngen cies a t 15"10 _
Engineering and administra ti on a t 10% _

$150 ,000
9,000

22,500
15,000

Total cost of Sal t Sl ough E xten sion___________ ______________ $196,500

40 Miles Levee on San Joaquin River and Salt Slough.
Dredge bank, 4,800,000 cub ic ya r ds a t $0.20 _
Inter est during con struction at 6% _
Con ti nge nc ies at 15% _
Engin eer ing and admini stra tion at 10%__.; _

$960,000
57,600

144,000
96,000

Total cost of levees $1,257,600

$30,000
82,400

123,800
162 ,300

75,,000
5,000
3,000

$481,500
28,900
72,300
48,100

Con struction cost _
Interest during construction a t 6% _
Continge ncies at 15% _
E ngineering ' and administration at 10% _

Friant-Kings River Canal.

F ive miles Bidehill con Bt ruc tion-
Intake 'st ruct u re a t dam _
E xcavat ion, broken sch ist, 96,900 cubic ya rds at $0.85 _
Excavation, loose rock a nd hardpan, 165,100 cubic yards at $0.75_
Con cr et e lining, 1,082,300 squ a re feet a t $0.15 _
F'lu.ne or siphon, 1499 feet at $50---- - -----------------------
T wo road sip hons, 100 fee t at $50 _
Ri ght of wa y, 100 fee t wid e, 60 ac res a t $50 -, _

---

Total cost :.__________ $630,800

Four miles rollin g gronnd-
Excavation, hardpan, 33,400 cubic yards a t $0.60 _
E xcavation, hardpan, 40,600 cubic yards a t $0.50 _
Excava tio n, sand, 39,300 cubic yards a t $0.30 ~ _
E xcava ti on, earth, 32,000 cubic ya rds at $0.20__...:'- _
Conc re te lining, 385,500 squa re feet a t $0.15 ~_

Conc re te lining, 434,700 square feet at $0.12 .; _
Dry Creek siphon, 1800 feet at $50 _
Road a nd railroad siphon, 60 feet a t $50 ~ __
Right of way, 100 fe et wide, 24 acres at $50 _
Right of way, 100 feet wide, 12 acres a t $100 _
Right of way, 100 fe et wid e, 12 acr es at $300 .

Con strnct ion cost . _
Interest during cons t ru ction at 6% _
Con tingencies a t 15% - - _
Engineer ing and administra tion a t 10% - - _

$20,000
20,300
11,800

6,400
57,800
52,200
90,000

3,000
1,200
1,200
3,600

$267,500
16,000
40,100
26,800

Total cos t - -- - - • •.• $350,400
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Cost

$112,100
13,800

608 ,400
47,500
15,000
25,000 .
12,500

9,700
7,200

193,500

231 miles flat grolmd-

Excavation, earth, 622 ,800 cubic yards at $0.18 _
Excavation, bottom land, 69,200 cubic yards at $0.20 _
Con crete lining, 5,06-9,900 square feet at $0 .12 _
32 road siphons, 950 feet at $50 · _
3 railroad siphons, 300 feet at $50 _
5 large canal crossings, 5()0 feet at $50 _
f) small can al crossings, 250 feet at $50 _
1 wasteway at Kings River., --- - - -
R ight of way, 100 feet wid e, 24 acres at $300 _
Right of way, 100 feet wid e, 258 acres at $750 _

---
Construction cost .._$1,044,700

Interest during construction at 6%____________________________ 62,700
Contingencies at 15 % 15·6,700
Engine ering and administration at 10%_______________ ________ 104,500

Total cost ~ $1,368,600

Summary of Friant-Kings River Canal.
Total, 5 miles sidehill construction _
'I'otal, 4 miles on rolling ground ., _
Total , 231 miles on flat ground _

$630,800
350,400

1,368,600

·T ota l cost of Friant-Kings River CanaL .:. . $2,349,800

Kings River- Earlimart Canal.

Enlargement Alta Canal, *32.3 miles-
Excavation, earth, 1,355,000 cubic yards at $0.30 _
Excavation, hardpan, 169,000 cubic yards at $0.50 _
Intake st r ucture _
4 railroad siphons, 300 feet at $50 . .
23 road siphons, 690 feet at $50 '- _
Ri ght of way, 100 feet wide, 60 acres at $100 _
Right of way, 100 feet wide, 157 acres at $300 _
Right of way, 100 .feet wide, 140 acres at $700 _
Right of way, 100 feet wide, 60 acres at $1,000 . _

Cons tr uc t ion cost .. _
Interest during construction a t G% _
Contingencies at 15% _
Engineering and administration at 10 % _

$406,500
84,500
25,000
15 ,000
34,500

6,000
47,100
98,000
60,000

$776,600
46,600

116,500
77,700

Total cost $1,017,400

Seci lle to Earlimart, 1(1 miles, flat groltnd-
Excavation, earth, 2,040,500 cubic yards at $0.18 _
48 road siphons, 1570 feet at $50 '- _
4 railroad siphons, 280.feet at $50 _
12 small canal siphons, 480 feet at $50 _
8 cre ek siphons, 700 feet at $50 _
Right of way, 100 feet wide, 216 acres at $200 _
Right of way, 100 feet wide, 108 acres at $350 _
Right of way, 100 feet wide , 212 acres at $700 _
Ri ght of way , 100 feet wide, 24 acr es at $1,000- - - - -- - - - - -- - - - -

Constructiou cost ~ _
Interest during construction at 6% _
Contingencies at 15% '.. ., '.. _
Engineering and administration at 10%- 7" :.. _

$367,300
78,500
14,000
24,000
35,000
43,200
37,800

148,400
24,000

$772,200
46,300

115,800
77,200

'rotal cost ----- - - - _. ----------------- $1,011,500

*Enlarged to carry supply for Tulare County Project in addition to supply
for A!t::J. Irrigation District.
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Summary of Kings R ive r - Earl im a rt Can a l. Cost

Total, enlargement of Alta canaL $1,017,400
T ot a l, Seville to Earlimart sect ion ~ 1,011,500

Total cost of Ki ngs Rive r- E rn-limen t cana L $2,028,900

Cost per OO1'e

$11.4 0
]8. 20
1 .GO

10.GO
ID.GO
16.00

'[ 'otal

$U~G4,000

2,1 0.000
IDG.500

1.257,(iOO
2,:340.800
2,028,000

Summary of Construct ion Cost, On e T housand Seco nd - Foot Project.

l uuncdia te Eepense-«

7 Dams in San J oaquin River and Sal t Slo ugh _
10 Pumping paints _
Salt Slough Extenslou _
Le vees on banks of San J oaqu in R iver and Sal t Slough
Friant-Ki ngs River ca ual ., _
K ings R iver -E arlimart cana l., _

Total lm rnedi a t e cost $0.376,800
D ef er r ed E i1!l JenSe-
140,000 acre -feet storage ca pa city a t $25__________ 3,500,000

$78.20

zo.ro
Tota l cost , im m ed ia te a nd deferred $12,87G,800 $10 7.30

DETA IL E S T IMAT E OF AN N UA L OPE RA T ING COS T S
FIR S T UNIT OF COM P RE HENS IV E P LA N.

On e T ho us a nd Second -feet Ca pa c it y .

Annual gTOSS supply :180,000 acre-fe et .
Gross duty 2.7 acre -feet per acre.
Net du tv 2.0 acre-feet pel' a cre,
Ar ea to be irrigated 120 .000 acres.
Storage capac ity required 140,000 acre-feet.
Requi red 6 dams and pumping plants on Sa n .Iouquin Hi,·er.
R equired 1 dam and pumping plant on Salt Slough.
R equired 3 pumping plants and connecting ca na l on Salt Slough extension .
R equired 40 mil es levee of variable height on eac h bank of San J oaquin

R iver and Sa lt Slou gh.
Exchange water del iver ed in to ma in canal of San Joaqu in and Kings

R iver Canal and I r riga t ion Company near Los Banos at elevation 119.
R equires 112 mil es of Ca na l- F r ian t to Earlimart.

Da m s and P u m p in g P lants on San J oaqu in Riv er a nd Salt Slough.

HI/ ergl! cost -e- Annual cos t
Static head 11tl feet
Frict ion head :m feet

T ota l pumping head lfi2 feet
It equired 17,300 horse powe r .
P nm pi ng 90 da ys, power cons umption is 27,800 ,000 kilo wn tt hour s.
27,800,000 kilowa tt hourts a t 1~ - - - - - - -- - - - - - - - -- - - $2 78,00 '.1

Lobo)' for opera ting ]J umping 1i/an ts- -
One chief ope rator _
Permanen t oper a tors , 10 at $] ,200 per year, _
T emporary operators, 10 for DO days at $4.00 _
Laborers, 10 for 00 days at $3.00 _

Interest, total cost of pumping plants and dam s
$3,G44,OOO, a t 69'0- _

$3,000
12,000

3,600
2,700

21,300

212,600

Ca r ried forward $511 ,900
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D epreciation of pumping plcn.t« anrldam8

10 Pumping Pla n ts , construct ion cost
$1,664,000, at 5% _

7 Dams, cons t ruc t ion cos t $1 ,041 ,200, a t 1% _

Maintenan ce and repa ir of pumping plan t» and dam s-«

10 pumping plants, constru ct ion cost
$1,664,000, at 3% _

7 Dams, constr uction cost, $] ,04 1,200 , at 1% _
Miscella neous, incid entals and insuran ce _

A nnu al cost
Brought forward $511,900

$83,200
10,400

93 ,600

$49,900
10,400

5,000
65 ,300

T ot a l dams a nd pumping plants _______________ ______ ________ $670,800

Salt Slough E xtension .
I n terest, total cost $] 96,:300, at 6% '
D eprecia ti on, contr uction cost $150 ,000, at 1% _
Mai n tena nce, constr uction cost $150,000, at ] '!c- - - - - - --- - - - - - - - - - - -

T otal Salt S lough E xten sion _

Lev e-es o n Ban ks of San Joaquin R iver and Salt Slough.
I nteres t, to ta l cost $1 ,257,600, a t 6% _
Depreciation, con struction cost $960,000, at 1';/0 .; _
Maintcn ance, construction cost $960 ,000, a t 1% _

$11,800
1,500
1,500

$14 ,800

$75 ,500
9,600

38 ,400

'I'ot al levees $123 ,500

Storage Reservoir.

I n terest , total cost $3,500,000, at 6%_______ ___________ ___________ $210,000
Depreciation, construction cost $2,700,000, at 1% __________________ 27,000
One watchman at reservoir_______ ___ _______ ____ __________ _______ 1,500

T ota l r eservoir $238,500

Friant· Earlimart Canal.

$4 ,000
9,900

Inter est, total cost $4,:H8,300, a t 6% _
Deprecia ti on on st r uctu res, constr uction cos t $538,700 , at 2% _
) Iain tenance a nd repair-

Cana l and str uctures, con struction cost $3,342,100, at 1 % _
L a bor for ope ration-

1 Sup erintendent _
]1 Patrolme n, 6 mon ths at $150 ,

Miscellaneous, in cid entals and insuran ce _

$262,700
10, 800

33, 400

13,900
5,000

'I'otal F'riant-Earlirnart ca naL ,__ $325,800
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S um m a r y of Ann ua l O pe ra t ing Co st, F irs t Un it of Com prehensiv e P lan.
On e T housan d Second -Feet Capac ity.

I mmediat e e;t /lellse-
.lDll er gy cost ...,. _
In t ere st, main tenance , operation a nd dep recia.tion-e

Da ms a nd p umping plants on San Joaquin R ivet'
and Salt Slough _

Salt Sl ough extension _
L evees on San Joaquin River and Salt Sl ong h _
Frian t-E arlimart ca na l _

Total cost , immediate _

D ef err ed ea:pense-

I n t erest, maintenance, operation a nd deprecia tion
Encrgy cost _

on reservoir _

T ot a l ann ual cos t , defe r r ed _
Tota l a n n ual cost, imm ed ia t e and

deferred _

Annual cost

$278,000

392,800
14,800

123,500
325 ,800

$1,134,900

$278,000
238,500

$516,500

$1,G51,400

Annual
cost per acr e

$230

3 30
o 10
1 00
2 70

$940

$2 30
200

$4 30

$13 70
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SECOND UNIT OF COMPREHENSIVE PLAN I N SAN J OAQUI N
VALLEY.

DESCRIPTION O F SECO ND U N IT O F CO MPR EHENSIV E P L AN .

Along with other work s, th e firs t unit of the compre hensive plan in the
San .J oaquin Valley would construct six dams in the cha nnel of the
San Joaquin River and equ ip the pl an ts at each dam with pumps of
1000 second-feet ca pacity. Th ese would boost th e imported water
from sea level to the mouth of Sa lt Slough. The second uni t of the
compre hens ive plan would enlarge t he pumpin g pla nts at these six darns
from 1000 to 3000 second-feet t otal cap acity. The additional supply of
2000 second-feet would he carried from the mouth of Salt Sloug h up
the cha nnel of th e San J oaquin River by a conti nuat ion of the seri es of
dam s and pumping plants, while the 1000 second-feet of t he first u nit
would be taken u p Salt Slough.

Eigh t mor e dam s and pumping plants in ad di t ion to the six of th e
fir st unit , would be necessary to boost the water to points where it
migh t be delivered as exchange su pp lies . Th e last plan t of unit number
two would r aise the water to elevation 159 at the mouth of Fresno
Sl ough. 'I'he pumping plants at the first four dams of the second u nit
would have a capacity of 2000 second-feet. The delivery of exchange
supplies would permi t a r educti on in th e capac ity of the plan ts at the
four dam s farthest upstream to 1500 second-feet.

Th e additional supply developed by Un it No. 2, would be ca rr-ied
into Tulare County by enlarging th e capacity of the Friant-Earlimart
canal f rom 1000 to 3000 second -feet principally by l inin g the canal
section .

EST I MATE OF CONSTRUCT IO N COST
SECOND U N IT OF COM P R E H EN SIV E PLAN
2000 SECOND -FEET ADD IT IONA L CAPA CIT Y .

The cost of constructing the second unit of the compr ehensive plan is
estimated on the same basis as the first u nit . It assumes that the
r eservoirs of the Kings Ri ver Conservation District and of th e San
Joaquin River W ater Storage Di st ri ct are constructed. Li kewise,
instead of a proporti onal char ge for th e barrier below the mouth of th e
Sacramento and San Joaquin Rivers, 11 charge is entere d for cons tr uct 
in g storag e in the Sacramento ba sin that woul d augment the low flow
of the Sacramento River by as much water as would be taken out at
th e mouth of th e San J oaquin R iver . It is tho ught that this is a sub
stantial equ ivalent to a propor ti onal char ge for the barrier , because, by
constructing this storage, except for legal entanglements, the second
unit could proceed without particularl y disturbing t he low flow of th e
Sacramento or San J oaquin Rivers.

The reservoir charge in the Sa cramento basin is entered without
selection of a parti cul ar site, for the storage capacity needed could he
most cheaply obtained in combina tion with some other reservoir project
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awl an y one offeri ng an ad vanta geous comhination is ada ptable. 'I'he
estimated entry should not he exceeded if a selection were made.

The entire cost of the eight add itional dams in the channel of the
San J oaqui n River , together with the cost of levees along the r iver
banks to confine' the water behind them to the r iver channel, is inc luded,
although part of their first cost shou ld be a defer red charge to future
units of th e comprehensive plan for conveying surplus Sacramento
River water into the San Joaquin Valley. No part of th e cost of the
first six dams nor of their levees along the r iver banks, is en ter ed, how
ever, becau se this en tir e cost was included in the cost of the first unit
of the comprehens ive plan. As in the est imate for the first uni t , there
is no inclusion for costs of dr aining low lands adjacent to the r iver.

Summary of Co nst r uct io n Cost-Seco n d Un it of Co m p re he ns iv e P la n
2000 Secon d - F eet Addit ion a l Ca pac it y .

An nu a l g ross su pply 660,000 acre-fee t additiona l to U nit No. 1.
An nu al sa ving- in see page loss of un it number one water hy lining

canal, 60,000 acre-feet .
T otal ava ilab le supply, 720. 000 a cre-fe et.
Gross duty 2.2 acre-fe et per a cre.
Net duty 2.0 a cre-f eet per acre .
Area to be irrigated a30.000 ac res additiona l to Unit 1\'0. 1 .
Stora ge ca pacit ~· required GGO,OOO acre-f eet.
It equ ire d additional pumping u ni ts of 2000 second-feet ca pac ity at th e G

dams of Unit ::\'0. 1 in San J oa quin R iver.
H equ i red 8 dams a nd pumping plants on S an .Joaquin R iver in uddit ion

t o t he G dams of Un it No , 1.
R eq ui red G3 mi les of levee of va rinble heigh t on eac h bank of Sa n .Ion

qu in Ri ver adjacent to th e 8 new darns.
Exchange water delivered a t t he head ga tes of d iversions f rom th e San

J oaqu in R iver between elevut ion s 11 7 a nd 150.
R equi red th e en la rg-ement of Friant-Earlimart ca n a l, 112 miles in len gth,

f ro m 1000 to 3000 second -feet ca pacity.

Imm ediate eJ:'}Jal/se-
8 dams in San J oaqu in R iver _
4 pum p ing" plants , 2000 second-feet ca pa city _
4 pu mping pla nts, 1r,oo secon d-fe et ca pa ei ty .
(j pumping pla n ts, enla rge,] f'ro m 1000 to 3000

second-feet ca l' a ei ty _
(;3 mil es levee on banks of San .loaqu in It iver., _
F'riau t-Kings Ri ver ca nal, enlurgement _
K ings River-Ea rlima r-t ca na l, en largrneent., _
f>GO,OOO ac re -feet s to rage capacity at $2 0 _

A nnual cos t

$1 ,G5G,500
1,482,400
1,179,HOO

1 ,828,800
1.080.700
l ,700,olOO
ol.837,800

11,200,000

A nn ual
co st per acr e

$5 10
4 flO
;; (iO

;;m
UOO
;'10

H 60
as 00

Gra nd total cosL $2;',866,200 $7::> 30

ESTIMATE OF ANNUAL OPERATING COST
SECOND U N IT OF COMPREHENSIVE P LAN
200 0 SECOND -FEET ADDITIONAL CAPAC ITY.

Th e annual cost of operating th e second unit of th e comprehensive
plan is estimated as the additional cost of operating a project com
pl et ed to a tota l capacity of 3000 second-feet, over that listed for unit
one. Items are in cluded for inte rest, depreciat ion, maintenance and
repairs on the construction added to th e first unit only. Similar ly . the
only eharg« for labor is in operating th e pumping plants at th e eight
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new clams all the Sail Joaq uin Riv er. The labor r equired to operate
the six pumping plants of uni t one all th e San Joaquin R iver is
ad equate to operate th e plants at their enlarged capacity. Likewise,
no more labor would be r equired to operate th e lined sect ion of t he
F'riant-Earlimart canal deliv ering 3000 second-feet than to handle the
1000 second- feet of Unit No.1 in an unlined section.

Th e power cost for Unit No. 2 is placed at that of pumping 2000
second-feet from sea level to dam No. 10 and 1500 second-feet from dam
No. 10 to dam No. 14, for 120 days each year . This allows for more
pnm pin g tha n would be necessary for some time except in th e dry
seasons .

'l'he sum of th e total operating costs tabulated for Units No.1 and
No.2 would be th e total cost of operating a project of 3000 second-feet
tota l capacity.

Summa ry of Annu al Ope rat ing Cost, Second Un it of Co m p reh ensive Pl an
2000 Second-Feet Addi t ion a l Capa c it y .

l nnncdiut e ( '.!' jJCIl8e-

l-}llergy cos t _
In te res t, maintena nce, operation a nd deprecia t ion 

S dam s a nd pumping plant. on San .Ioaquin Ri ver
{j;~ mil es levees on ba nks of San .Ionqu in It iver__
Fri an t-Eal'liln art cuna l, en ln ru emen t _
S torngo reser vo ir _

Total a n n ual cost, im medi a te _

Annual cos t

$1.1 00, 700

(jfl4.GOO
194. 400
4G7.;:;00
750,000

$3,306,200

Annnal
cos t p el ' aCl'C

$:1 no
.) 10

(;0
1 40
~ ao

$10 00

U cjerrcd G.1' jJC Il8G--

Energ~' cost -_______ 44G,500

Tot a l a n nua l cost, im m e d ia t e a nd defe rred $3,752,700

D ETA IL ESTIMATE OF CONSTRUCT ION COS T
S EC O ND UNI T O F COMPRE HENS IVE PLA N
2000 S E CO N D - F E ET ADDITIO NA L C APA C IT Y.

140

sn 40

Ann unl gross SIIJlJlly (;UO,OOO acre-feet ad d itionn l to Unit No. 1.
.xn nua l saving in see pag e Joss of uni t num be r on e wnt er hy li ni ng cnnul,

(;0,000 aere-feet .
Total a va ilnhle supply, 720 ,000 nero-feet.
Gross duty ~ .2 a cre-f eet per acre,
Net duty 2.0 ac re -feet per aero.
Area to be irrign tc d ;lilO.OOO ucre s a dd it iona l to Uni t No . 1 .
St oruge ca pac ity r equired fiGO.OOO ac re -fee t.
It cquired arldi t ionnl pumping uni ts of :?OOO second-feet ca paci ty at th e

G dams of U nit N o, 1 in S a n J oaqui n R iver,
R equired S dams a nd [lum ping pla nts on Sa n .JQa quin R iver in add it ion

to t he G dams of Un it 1\'0. 1.
R eq u ire d em miles of le vee of varia ble he ight on each ba nk of San

J oaq uin River adja cen t to t he S new (lam s.
Hx changu wa ter delivere d a t t he head gates of d ivers ion s f rom th e San

J oaqu in It iver between eleva t ions 117 a nd ]r;f).

It equ ired t he on lnrg e men t of F' ri a n t- Em-lluuu-t cn na l. .l l ~ mi les in lpngth .
fr om 1000 to :{OOO sr-cond-foot (·a l' aei t.L



Da m ~o . 7- Le ngt h 200 Feet .

1<~ x ca Ya ti ()u , rlrv , 1000 cubit; yurd s a t $l.UO _
I ~ xeanl t i on , wet, 2000 cubic yards at $1.50 _
Conc re te retaining wa lls, SOO cubic yards at $25 .oo ~_

Concrete cut -off walls, 4S0 cubi c yards at $25.00 _
Con crete base, SOO cubic ya rds a t $25.00 _
Conc re te pier s, 480 cuhie ya rd s at $25 .00 _
Concrete deck and supers t ruc t u re, 3.33 cubic yards at $30.00 _
Piles, GOOO linea l feet a t $2 .00 _
Gates and hoisting apparatus _
?\a viga t ion gates and drawbridge _

Con struction cost _
I n teres t during construction at G% _
Co n tinge nc ies at 15% _

Engineering a nd admini stration a t ] 0%-- --- - ---- - --- --- - - --- - - ---

Total cost

Da m No . 8-Le ngt h 160 Fee t .
IDxcaYation, dry, 800' cnbic yards at $1.00 _
Excavation, wet, ](;00 cnbic yards at $1.50 _
Concret e re taining walls, 640 cnbic yards at $25.00 _
Concrete cut- off wall s, 384 cubic yards at $25.00 _
Con cr ete base, 640 cubic yards a t $25.00 _
Concrete piers, 384 cu bic yards a t $25.00 _
Conc rete deck and supers t r uc tu re , 267 cubic ya rds at $30.00 _
P iles, 4800 lin eal feet a t $2 .00 _
Gates a nd hoisting a ppa ra t us ._
Navigation ga te a nd drawbridge _

Con struction cost., _
Inter est during const ruct ion a t G% _
Cont ingencies at Ui% _
Engineer in g and ad ministration at 100/0 _

si.ooo
3,Q{)O

20.060
]2.000
20,000
] 2.000
10.000
]2,000
10.001)
10,000

$11 0,000
7.100

17 ,900
11,900

$];i5,900

$800
2,400

16,000
9,600

1G,000
9,600
8,000
O,GOO

15,200
8,000

$95 ,200
5,700

14 ,300
9,500

T otal cosL __________ __________________________ ________ ___ __ $124',700

Dam No . 9-Length 200 Feet .

Excavation, dry, 1,000 cubic yards at $1.00 _
l'Jxcavation, wet, 2,000 cubic yards at $1.50 _
Concre te retaining walls, SOO cubic yards at $25.00 _
Concrete cut-off wall s, 480 cubic yards a t $25.00 _
Conc rete base, 800 cubic ya rds at $25.00 _
Concrete piers, 480 cubic yards at $25.00 _
Concrete dec k and superst ruc ture, 333 cub ic ya rds at $30.00 _
P iles, GOOO lin eal feet at $2.00 _
Ga tes a nd hoisting appara tus ., _
Na vigation ga te a nd drawbridge _

Cons truction cost _
In terest during const r uct ion a t G% _
Contingen cies a t 15% _
Engin eerin g and ad ministra tion a t 10% _

$1,000
3,000

20,000
12 .000
20,000
12,000
10,000
12.000 .
19,000
10,000

$119,000
7100

17;900
11,900

To tal cos t., __~____________ _ _ ___ ____ _ _ _ _ _________ _ _ _ __ __ _ _ _ $15[),900
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Da m No. 10- Le ngth 240 Fe et .
E xcavation, dry, 1200 cubic ya rds a t $1.00 ,__
Excavation, wet, 2400 cubic ya rds at $1.00 _
Concrete in re taining wa lls, DliO cubic yards a t $25.00 _
Concr ete en t-off walls. 576 cubic yards at $25.00 , _
Concrete base, DGO cubic ya rds at $25.00 _
Conc rete piers, 57G cubic yards at $25.00 _
Con cr ete deck and sup erstru ct ure, 400 cubic yards at $30.00 _
Piles, 7200 linea l feet at $2.00 _
Gates and hois tin g apparatus -- - - - - --- ----
Navig a ti on gates and drawbridge ~ _

Construction cost , - ..
Interes t dur ing constr uct ion at 6% -- - ---- - - - - - -
Coutingencies a t 15% _
IDngineering and admiuistration at 10% , _

35

Cost

$1,200
3,600

24,000
14,400
24,000
14.400
12,000
14.400
22,800
12,000

$142,800
8,600

21,400
14.300

Total cosL_________________________ ______________ _________ $187,100

Da m No. 11- Len gt h 280 Feet.
Excavation, dry, 140 0 cubic ya rd s at $1.00 _
E xcava tio n, wet, 2800 cubic ya rds at $1.50 _
Con crete in retaiuiug walls, 1120 cubic ya rds at $25.00 _
Concr ete cut-off walls, 672 cubic yards at $25.00 _
Concrete base, 1120 cubic ya rds at $25.00 ..
Concrete pier s, 672 cubic yards at $2fl.00 _
Con cret e deck and sup erstruct ure, 467 cubic yards at $30.00 _
P iles, 8400 line al feet a t $2.00 _
Ga tes and hoisting apparatus _
Na vigation gate and drawbridge _

Const ruc t ion cost., ..__
I nterest during cons t r uction at G% _
Contingencies a t 1fi% . - - ------
l~ nginee riug and ad minis tra ti on a t 100/0-- -- -- - -- -- -- - - -- - -- --- - . -

$1,400
4,200

28,000
16 ,800
28,000
16,800
14 ,000
16.800
26,600
14,000

$166,1300
10,000
25.000
16,700

T otn l cosL___________ _ $218,300

I

Da m No. 12- Le n gt h 380 Feet.
I~ xcava tion , dry, 1000 cubic yards a t $1.00 _
J~ xcava tion , wet, 3800 cub ic ya rd s at $UiO _
Concr ete in retaining walls, 1520 cubi c ya rds at $25.00 _
Conc rete cu t-off wa lls , !l12 cubi c ya rds at $25.00 - -----
Conc re te base, 1520 cubic yards at $23.00 _
Concr et e pi er s, 912 cub ic ya rds at $25.00 _
Concrete deck and superstructure, G33 cub ic yards at $30.00 _
P iles, 11 ,400 lineal fee t a t $2.00 _
Ga tes a nd hoisting apparatus _
Nnvigation gate and drawbridge _

Cons t ruc ti on cost., _
Interest dur ing cons t r uction at 6% _
Cont ingenc ies a t 15% _
Engin eering a nd administration a t 10% _

$1,900
fl.700

38,000
22,800
38,000
22,800
19,000
22,800
36,100
19 ,000

$226,100
13,600
33,900
22,600

'l'o t al cost, ..__ $296,200
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Da m No. 13-Len gt h 280 Feet.

IDxca va ti oll, d ry , 1400 cub ic yards a t $1.00 _
Excavation, wet, 2800 cubic ya rds at $1.50 . _
Co ncr et e in retain ing walls. 1120 cuhic ya rds a t $2;).00 _
Conc rete cut-off wa lls, 072 cubic yards a t $25.00 _
Co nc rete ba se, 1 120 cub ic yards at $25.CO _
Con cre to fli ers, (;;2 cubic yards a t $2;;.00 _
Conc rete de ck a nd superstru ct ure, 4iJ7 cubic ya rds a t $30.00 _
Piles, 8400 linea I fe et at $2.00 _
Gates a nd hoisti ng app a rn t us _
Xnvigut ion gates a nd drawbridge _

Con st r uct ion cost., _
In ter es t dur ing constr uct ion a t 0% _
Con tinge ncies at ] ;-'% _
Engineering a nd admini stra tion a t 100/0 _

CONI

$1,400
4 ,200

28.000
16,800
2S,000
10,800
14 ,000
10,SOO
2(;.600
14,000

$1 66,600
10,000
2;;.OOD
16,700

T otal cosL____ $218,300

Da m No . 14-Lengt h 385 Feet.

Excav ut.lon , dry, 1925 cubic ya rds a t $1.00 _
};xcavation, wet, :\8;)0 cubic vm-ds a t $LiO _
Concrete in retaining wa lls, 15 40 cub ic ya r ds at $2;;.00 L

Concrete cu t-off wa lls. fl24 cubic yards a t $23.00 _
Con cre te ha sc, 1;->-4 0 cubic ya rd s a t $25 .0tL _
Co ncrete cut-off wa lls, D24 cu bic ya rrls a t $2;;.00 _
Concre te deck a nd supe rs t r ucture, li·42 cubic yards a t $gO.OO _
P iles, 1] ,;-,;)0 li uea l feet at $2.00 _
Un tcs a nd hois ting appa llHt us , _
Nn vigation gate and drawbridge _

Co us truct ion cos t _
In terest d ur ing const r uct ion at U% _
Con ti ngenc ies at ] 5% _
Eugin eering a n d a dministra t ion at 10%- _

$l.!)00
5,81J{)

::8,500
2U OD
3S.;)OO
2:{.100
19.:{0;)
2;~ , 100

3G,6CO
lD,200

$22l},10G
13 ,700
34,400
22,900

T ot al cost $800,100

Sum mary of Da m s .
l.ra m X o. 1 _
Da m X~ 8 _
] laln Xo. fl _
Da m X o. I 0 _
I )a m ]'\0 . JJ _
I ra m ::\0 . I 2 _
l.inm ::\0. 18 _
Da m X o. 14 - - -- - _

$15;),lJOO
] 24 .700
15;),900
187 ,100
218,al)O
2DU.200
218;300
aOO,100

T otal cos t of dams $1,O;)n,500

P u m p ing P la nt s.

T ypical cn lu ruem cu t o f 1000 sceo ll,l-f oot II/IIIIP ;II U plu n! of U nit N o. 1
t o 8000 second-ject ca paci t y.

E xca vnt ion, ,11',1'. :.:GOO cnhic yn rd s a t $O.;-,{) _
I'; xca n l t ion, wet , 8200 cubic vu rrls a t $2.;;0 _
Conc rete in re ta in ing- wall s. 420 cubic ya rds a t *25.00 _
Co nc r ete in in tak es a wl S U11lJlS . ;; '.1;; cubic ya rds at $:JO.OO _
Con creto in Vcntu ri tubes, 400 cuhic ya rd s at * '3;),00 _
Concrete in hui ld ing x and ext ras, 28;; cubic yurd s at *::;;.00 _
Lining out let ca na l, :WOO squa re feet a t $0.2'L _
I' nlllps nnd elec t rica l eq uipmcu t , 4 un its a t $-1 2,8 70.01l _

Cons t r uc tio n cos t

$1,800
8.000

10,500
.IG,OOO
14,000
10 ,000

800
17 1':-.0(1

$232,600
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H ro ugh t for wa rd
I n t r-re s t du ring' cons t ruct ion a t (V';{, _

Co nti ngenc ies at 1,,% - ------ -------------- -------- -----
/';ng inee ri ng and adm in ist rat ion a t 10% _

37

Cost
$232.600

H ,OOO
34.90' ,
23.300

T ota l cost $304.800

'l' il/lica! [JlI11Ip ill!! p!a ll t- 2000 second-tee t capac ity.
E xca va t ion, dry . 3(,00 euhic ya rds a t $0.,,0 _
E xcav ation. wet. 3200 cubic ya rd s a t $2.50 _
Conc re te in r eta ining walls. G80 cubic ya rds at $25.00 _
Co nc rete in in t akes a IH] sum ps . 550 cubic ya rd s a t $30.00 _
Concre te in Venru ri tubes, 400 cuhic yards a t $ ~15.00 _
Co ncre te in build in gs a nd ex t ra s. 400 cubic yards at $35.00 _
Lining outlet ca na l. G400 sq un re feet a t $0.25 _
P umps a nd elec t r ica l equipme nt. 4 units a t $42,870.00 _
Tra nsformers, 4 a t $5,000.00 : _
Op era tors houses wi th wa ter supply, 3 _
Roads, 2 m il l'S a t $2500 .00 _
S ide lew es. G250 cubic ya rds a t $0.20 _

Co ns t r uc t ion cost - - - - - -- ------- - - - - - -- ---- - ---
In teres t du riug cons tr-uc t ion a t li% _
Con t ingencies at 15% ------- - --- ------- - - - - - - --------- - -
I';ugiueer ing and ad mini s t rat ion a t 10'!'\; _

$1.800
8.000

15.800
IG.500
14.000
14,000

1.COO
171,50(l

20.000
1:1:500

5,000
1,200

$282 ,900
17.000
42,400
28.300

T o tal cos t $370,GOO

'!'Y/iica /. p llm p illg p!a1/t-l.500 second-fee t cupu cit u.

Exca va ti on , dry, 2.c-"00 cub ic vards a t $0.50 _
E xca m ti on , wet, 2400 cubic ya rds at $2.50 _
Co nc re te in re ta ini ng walls , iJ32 cubic ya rds at $25.00 _
Conc rete in in takes a nd sum ps, 420 cubic ya rds a t $30.00 _
Con crete in Ventu ri t ubes, 300 cubic ya rds at $:15.00 _
Co ncrete in bu ildings and extras, 330 cubic va rd s at $35 .00 _
Li n ing ou tlet ca ua l. 5UOO squa re feet a t $0.2:; _
P um ps a nd electrical eq uipmen t , 3 unit s a t $±2.870.00 _
T' ra ns formers , 4 a t $5.000 .00 _
Op era tors hous es with wa t er su pply. 3 _
R ouds, 2 m iles at : 2500.00 _
S ide levees, G250 cubic ya rds a t $0.20 _

Co ns t r uctio n cost ------ - -------- -------------- --
IIIte rest during cons truct ion a t G% _
Co ntingencies a t 1;:;% - - -- - ------ - ------- - - - ---
l~ ngi n ecr ing' and ad mi ni s tra ti on at 10% _

$1,4011
G.O()()

13.300
12.GOO
10.;:;00
11,GOO
1,400

128.GOO
20,000
13.500

:i.000
1.200

$225.100
13.500
33,800
22,;:;00

Total cos t $2!)4·,flOO

Summ ary of Pumping Plants .

P u mpi ng pla nts incre a sed in cnpuci tv from 1000 to :JOOO seconrl- f'eet ,
G a t $304,800 $1,828,800

P um p in g pla nts , 2000 seco nd-feet ca pacity , 4 a t $:370,600 1,482,400
P umping plants. ]500 second-feet ca paci ty, 4 at $29-l ,flOO 1,179,000

T ota l cos t of p umpin g pla nts '±,4oo,800

63 Miles of Levee of Va r ia bl e H e ig ht o n E a ch Ba n k of S an J o aq uin Riv er.

D redge ba nk'S, 7,560,000 cubic ya rd s at $0 .20 $1,512 ,000
Interes t du ri ng co ns t r uct ion at Ii 'lo ___________________________ 00,700
Con t ingencies a t Hi% ..- - - -- 22G,800
E ngineering a nd nd m inist rn t ion at 10% . 151,200

T o tal cost levees $1,flSO,700
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F r iant - K in gs R iv er Canal .

En la rgem ent to inc rease capaci t y f rom 1000 to .'1000 second - jeet :

Fit:e m iles si deh ill eons truetion-

In tak e stru cture (cons t r ucted in uni t 1\ 0. 1 )
E xca va ti on, broken schis t, 100 ,500 cubic ya rds at $0.85 _
E xca vation, loose rock and hardpan, 144,000 cubic yards a t $0.75 _
Co ncrete lin in g 577,700 square feet a t SO.15 _
F'l ume or siphon. H DD lin ea l feet a t $80 _
2 road siphons, 100 lin eal feet at $80 _
R ight of way, 100 feet wide ( purchased for Unit 1\ 0. 1 )

Cons t r uct ion cost _
I n te res t during construction at 6% _
Cont ingencies at 1fi% _
En gineerin g and a llmin istra t ion a t 10% _

Cost
$85,4 00
108,000

80,700
n D.DOO

8,000

$408,000
24,500
61,200
40,800

T otal cost $534,500

Four m iles ro lli nq gl"ollnd-

E xcnva tion , hardpan , 35,300 cubic yards a t $0.60 _
E xcava ti on , hardpan , 40 ,600 cubic ya rds at :\;0.50- ---- - - - --- - - --
E xcavation, sa nd, 48.100 cubic va rds at $0.30 _
E xcnva tiou . ea rth, 42,900 cubic yards at SO.20- - - - _
Concrete lining, 204,400 square feet a t SO.Hi------- _
Concre te lin ing. 230.000 sq ua re feet at $0.12 _
D ry Cree k si phon, 1800 lin eal feet at $80 _
Hoad a nd rail road siphon. GO lin eal feet a t $SO _
High t of way ( purcha sed for TJ n it No.1 )

Construction cost _
I nteres t duriu e const r uct ion at G% _
Contingencies a t 15% _
Engineeri ng and atlminis trn t ion at 10% _

T otal cost _

$21,200
20,300
14,400

8,000
30, 700
27,700

144,0: 0
4.850

$271,700
16,300
40 .800
27,200

$3i:i6,OOU

9 ' ) 1.../v~ miles flat gro llnd -

E xcam t ion, ea rth, 702,400 cubic yards at $O.lS _
E xca va t ion, river bottom, D4,600 cubic yards a t $0.20 _
Concrete li ning, 2,566.100 squa re feet a t $0.12 _
32 roa d s iph ons. D60 lin ea l fee t at $80 _
3 rail road siphons , 300 lin eal feet a t $80 _
5 la rge canal crossings, flOO lin eal feet a t $80 _
;) sm all ca na l cross ings. 250 linea l feet a t $SO . _
W asteway at Kings R iver , _
R ight of way (purchased for Unit 1\ 0. 1 )

Cons t ruction cost _
In teres t du rin g cons truct ion at 6% _
Ca ntinge ncies a t 15% _
E ngin eeri ng an d ad minis tra tio n a t 10% _

T otal cost _

$126 ,400
18,000

307,DOO
76.800
24,000
40,000
20,000
4,300

$618,3 00
37.100
fl2.700
61,800

$SOD,900

S u m m a ry of F r ian t - K in gs Rive r Can a l.

Hn larq em cnt to inerease capuc it u from 1000 to .~ooo eecond -i eet-s-

T otal 5 miles of sidehill cons t ruc tiou, _
T otal 4 mil es of ro lli ng gro und _
T ota l 23! miles, fla t ground _

$534,500
356 ,000
809 ,900

Total cost F ri an t-K ings R iver call1l! _-- - ~ ---__~~ ~ $1,700 ,400



WATER RESOUR CES OF CALIFORN IA. 39

$168,700
1,995.1 00

125.600
22,400
38,400
56,000

K in gs R iver-E a r lim a r t Can a l.

BlIlargem ell t to increase capacity from 1000 to .'1000 sccond fee t

1'Jlllargcm ell t A lt l/ can u l, S.?3 mil es, conu t rnc trd to corry :I ltu 1/1/1 '

T ula re sup ply.

I n ta ke struc t ure ( cons truct ed for Unit No. 1 ) Cost
Conc rete lining, 10,002,500 squa re feet at $0.12 $1,207,500
4 railroad siphons , 300 lineal fee t a t $80______________________ 24,000
23 roa d siphons, 090 lineal feet at $80____________________ 55,200
Right of way (purc hased for Unit No. 1)

Constr uc tion cost $1,280, 700
In terest during const r uct ion at H%____________________________ 77,200
Cont inge ncies at 15 %_______________________________________ 193,000
J':ngi neering a m! arhn inistrn lion a t 10% -,___ 128,700

'~ota l cost $1,085,000

Sev ille to Earlimart , 4i m iles flat gl'Olllld-

Exca va tion , ea rth, 937,400 cubic ya rds at $0.18 _
Conc re te l ining, 10,62;' .700 squa re feet at : 0.12 _
48 road siphons, 1570 lineal feet at $80 _
4 railroad siphon s, 280 li neal feet at $80 _
12 sma ll ca na l siphons, 480 lin eal feet at $80 _
8 cree k siphons, 700 lin ea l feet at $80 _
R ight of wa y (purc has ed for Un it No. ) - - - - .

Cons t r uction cost $2.400,200
I n teres t du ring construc tion at 0%__________________________ 144,400
Contin gencies at 15%_______________________________________ S60.non
JDn;d ueering a nd admi nistrat ion at 10%______________________ 240,000

T otal cost $3,152,iOO

Sum m a ry of K ings R iv e r - E a r lima rt Cana l.

Eulu rtjeni cnt in callaci t y [roui 10 00 to 30 00 second-feet-

il2! mi les en la rgeme nt of Alt a cana l; $1,685,000
47 miles Sevill e to EnrlimarL 3,152,100

T otal CORt Ki ngs River-Eru-li ma rt ca na L $4,83 7,700

Summary Const ruct io n Cost-Secon d Un it of Co m p rehe ns ive Pl an ,
2000 S ec ond - F eet Ad d itional Ca pac it y .

8 dam s in San J oaquin river ., _
4 pu mping pla n ts , 2000 secon d-feet ca pacity _
4 pu mping plants. 1GOO seco nd- feet cap ac ity _
(j pump ing plants, enla rged f rom 1000 to 3000

second-fee t ca paci t y _
03 mil es levee on banks of San Joaq uin Ri ver.. _
F' t-inn t -Kiugs R ive r canal, enlargement _
K ings R iver-E a rli ma r t ca na l, en la rgc menL _
GOO,OOO ac re -feet storage ca pacity at $20 _

Total cos t
$1,G5G,500

1.482.400
1,17!),{;OO

1,828 ,800
1,980,700
1,700 ,400
4,837,800

11,200,000

Cost per acre
$5 10

4 50
3 00

5 50
c 00
5 10

14 GO
33 90

Grand t ot al cosL $25,8G6.200 $78 30
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DETAIL ESTIMATE OF ANNUA L OPERATING COST
SECOND UNIT OF COMPREH ENSIVE PLAN .

2000 Seco nd -Feet A dd it io nal Ca pac ity.
Annual gr oss supply , GW.OOO ac re-fee t additional to Unit No. 1 .
Annual sa ving in SCP [) Ug'C los s of uni t number one wnter by lining canal,

GO.OOO acre- feet.
'rota! a vailable s u pply , 720.000 ac re -fee t.
Gross duty 2.2 ac re -fee t per ac r e.

.Ne t duty 2.0 acre -feet per acr e.
Ar ea to be irrigated :mo,ooo acres add itiona l to U n it ;\0. 1.
Storage ca pa city requ ired 5HO,000 acre-feet.
I tuqu i rcd additiona l pumping un its of 2()00 second-fee t cupac i tv at t he

G dams of Unit No, 1 in Sa n J oaqu in R iver,
R equired S dams and pumpiug plants on San .Toaq u in It iver in add it ion

to th e G dam s of Un it No, 1.
Hequ ired G8 mil es of lev ee of variabl e heigh t on eac h ba nk of San

.loa quin River adjacen t to th e 8 new dams,
Exchange water del ivered at t he head ga tes of div ersions from the San

.Ioaquin R iver between eleva tions 11 7 a nd ]59.
R equ ired th e en la rgemen t of Frlaut-Earllnuu -t ca nal, 112 mi les in length .

from 1000 to 3000 sec ond-fee t ca pacity.

Dam s and Pum p in g Plants On San J oaqu i n R iver .
Energ y cos t-s-

S ta ti c head sea level to D am Xo. 10 11 7 feet
Fricti on head sea level to Dam No. 10 27 fee t

'I'o ta l pumping hea d J4 4 fee t

It equ lre d 43 ,GOO horsepower t o pump 2000 second -fee t against a ]44-foot head .
P ower required for ]20 dnys p u mping' is 9:3,G72,000 kilowatt hou rs .
Static head D um No . 10 to Dam No. 14- 42 feet
F ri ction head D um 1\ 0. ]0 to Da m. No . 14 ]0 fee t

T otal pumping head 52 feet

Requi red lJ ,SOO ho rsepower to pump ] 500 second-feet ag a in st a 52-foo t head.
P ower r equired for ] 20 days pumping is 25 ,400,000 kil owat t hours.
Summary e lect r ica l energy required per season.

Sea level to Dam NO'. 10 . !l3,G72,OOO kw. h I'S.
D am No. 10 t o Da m No . 14 25 ,400 ,000 kw, hI'S.

Tota l power required cach season 119,072,000 kw, hI'S.

Annual cost
] 19,072,000 kil ow att hour' s at 11' ~ - --------- ---$1 , 1 !l0,70n

J .II {,OI· [nr opent/ion-
S P erm nnen t op erators at $1200 per year. , __
S T em pora ry opcrn tors, ] 20 da ys at lji4 .00 _
S L a borers, 120 da ys at lji3.00 _

$9 ,600
::.SOO
2,900

1G,:300
Inter est, tota l cost $G,147,300, at G% ___________________ _________ :WS,SOO

D epreciat ion-
S dam s, construc tion cost $1,2(,A,400, a t 1% __ $ 12,GOO
S pumping plants, const r uc t ion cost

$2,032,000, a t 5% ______________________ ]Ol.HOO
G pumping pla nts en la rg ed, constr uct ion cost

lji l ,:1!l5 ,GOO, at fl%______________________ fi!},SOO
----- 1.84,000

en r t-ierl f'orwa I'd $1,7:1!l,SOO
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Jl l1i Jlf<'JUl iln : and n '/w ;r s- Annual oost
lt ro u ulu fOl' \I'a I'd :j'1.i;;n,SOO

S dams. const r uct ion cost :j'1.2U-I.-!UO. at 1';1,_ :);12.6C0
s p u m ping p lu n ts , co nst ru ct iuu eos t

$2.0il2,UOO. at ;:<70-- - - - - - -- - - - - - - - - - - - -- UI ,OOO
U pum pin g pl a n ts cn la l'g"tld, const ru ction cost

$1,3!J[' .COO, a t ;"%_____ __ ______________ 41,900

:'Iliscell a neons. incid entals a nd ins urance _
11[,.;;00

10 ,000

T ota I da ms nud pumping plan ts :j'I. ,' '';;)\O()

63 Mil es Levee on Each Ba n k of Sa n Joa q u in R iver-

In ter est, tota l cost $1 ,nSO,i OO, at U'lo _
Deprec ia t ion , con s t ru cti on cost $1,;)12.000, at 1% _
.\ rain tena nce a ud i-epa ir, cons t r uct ion cost $1,;;12 ,000, a t 40/0 _

$ LJS,SOO
1;),100
GO,500

Tot a I levees _ :j'1!).!,400

Sto ra ge Rese rvoir-

Int er es t. total cost $11.200,000, at (Yfo- - - - - - - - - - - - - - - - - - - - - - - - - - $Gi2,OOO
Deprecia tion , cons t ruct ion cost $8,549 ,UOO, a t 1% ________________ S5.500
One w a tc lunnn 1 ,500

Total re servoir

F r ia nt · E a rl imart Can al.

In t er est. total cost $1;,;;:18,200, a t G'!t:,- - - - - - - - - - - - - - - --- - - - - --- - - - 
I )e precia t ion on st ru ct u re , cons tr uction cost $ iU:1,40 0, a t 20/0- --- - - - -
Maintenance a nd repair, ca nal and structures, const r uct ion cos t

, H ,Dfll ,OOO. a t 1% _
:'II iscelluu eous, inciden ta Is a nd in surance _

$i50,000

~:-~D2.300

1;),300

40,900
10,000

'rota! ca nals $-IGi ,500

Summary of Annua l O pe ra t in g Cost-Second Un it of Comprehensive Plan,
2000 S eco nd - F ee t Ad d it io n a l Capac it y.

In/mediat e cos t-

B nel'gy cost _
In teres t , ma inte na nce. opera t ion nnd depreciation 

S dam s aIHI pumpi ng. plants on San .Ioaqu in Ri ver
U:\ mil es of levees on banks of San .Iouqu in R iver
F'r lnut-E a rt imn rt cn na l. enlurgemeur _
~ t()l"n gn rr -servoi r _

Annualoost

$1,100,iOO

GD4.GOO
1D4.400
4()j,i"iOO
i;:iD,OOO

Annna/
cos t pCT (lcr e

$3 60

0) .1 0
GO

140
2 30

Tot a l a n n ua l cost, im m edi a t e _____ ______ :j;H,30G,200

D eferrcr! cos t-e-
l~ne l';.:'Y cost 44G,500

T otal a n nual co s t , immediate a nd deferred $3,i52,iOO

$10 00

140

$11 40
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CHAPTER IV.

CONTROLLING FEATURES OF THE COMPREHENSIVE PLAN.

IN VEST IGATIONS FOR F INAL REPORT ON
COM PR EHE N SI V E PLAN :

Prior to the W ater Resources Investi gation of 1 921 -2 ~i , but little
knowledge of rese rvo ir sites had ever been assembled. It was not com
monly kn own that many sites existed. In 1912, the State W at er Com
mission published summary infor mation on tw enty-three site's in the
Sacramento basin from the record s of th e United States Geological
Sur vey and Reclamation Service. Since that t ime, engineers have dis
covered many potential r eservoirs. La rgely through the courtesy of
the eng ineer ing profession engaged in private practi ce, with public
utiliti es, and in state and federal offices, mor e or less complete inf orm a
t ion has been assembled on 1270 sites locat ed in all parts of the state.
One hundred and seven ty-six of these were reconno ite red by field parties
of the Division of En gin ccri ng and Irrigation.

'I'he preliminary comprehensive plan was evolved from this great
mass of informat ion. Neit her ti me nor funds has permitted a complete
examination of the man y da m sites nor of the lines of long supply
canals that are part of the plan. H owever, before this plan, with
its accomplishments, can be declared wholly practicable, examination
in considerable deta il must be made of its principal elements.

It is not necessary to include in detail study, all the sites for reser
voirs nor the entire length of the canal lines . Many of the res ervoirs,
if later found impracticable or mor e expensive than cursory examina
tion indicates, could be supplanted in th e plan by oth ers. Similarly,
the terrain through whi ch parts of the canal extend, is flat and unob
structed. Reconnoissanee examinat ion will determine their f easibility
and future changes in alignment would not particularly affect their
cost. However, other f eatures of the plan that are essential to its
success, ar e' not easily r eplaced by alternate devices or are involved in
such complica ted problems that complete studies are essential to deter
mine with cert ainty that they are pra cticabl e. It is with such features
of the comprehensive plan that the continuance of the investigation is
concerned.

Close study should also be mad e of the advantages to be gained in
the construction and operation of th ese works in various combinations.
I n or der to minimize th e large expenditures that would be entailed in
the constr uction of the comprehensive plan, it is essential that maximum
service be obt ained f rom all its component parts. To arrive at the
combinations of fundamental impo rtance t o maxim um service from the
state's waters and the groups that will form practica l construction
units, is a heavy task. While mu ch has already been accomplished,
the multitude of consideratio ns in work ing with a territory as large as
the whole st ate, st ill leaves a great dea l to be don e in arriving at the
desired goal.
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FOOTH I LL R E SERVO I RS.

In gene ra l. th e pl an relinquishes th e great mountain area for the
generati on of pow er , operatio n of min es and oth er pursuits of these
re gion s without inter fer ence' by the re quiremen ts of industries on ~he

lower lev els that will later use the same water. The flows emer ging
hom their mountain ous sources onto the valley floors , would be
re reg ulated by r eservoirs at th e can yon mou ths for dom etsie, irrigation,
industrial , navigati on. and flood control purposes on th e plains below .
'I'hese footh ill r eservoirs are imp ortant fe atures in avoiding complica
t ion of de velop men t th at might hamper th e' efficien t and advantageous
on cration of the work s for both mountain and valley use of the water.
'I'hev are consequent ly importan t fa ctors in ultimately securing the
hi rrhest use of th e state's waters.

Unfortunatelv for low cost ill «onx t r uc t io n. th e footh ill rese rvoir
sites fire nsuaily sit uated along th e easiest lines of communicat ion
betw een th e plains and the high mountains. Consequently railw ays
and highways fire found traversing manv of them. The moving of
th ese to other satisfactory locations will he lar ge it ems in their cost.
'I'h o more r eason , therefore, that th ese structures be utilized to the
gTeat est advantasre and for as many purposes as possible. To secure
the highest use from the state's wat er s, th e foothill r eservoirs should
he primar-ily allo tted to st or ing wat er for dome stic, irrigation or
industrial supplies on the pl ains below. Incidental to this, some power
may be generated and a measure of flood contr ol he effected without
imn airin s; th eir value f or the essential purposes.

Examination of these combine d values has been initiated by the
inv estigations of 1924. It is found that there is a large amount of
pot en tial power availabl e whil e drawing water f rom the foothill re ser
voi rs for usc on the pl ain s below, '1'0 secure the gre atest conse rva tion
of water, t his p ower mu st be gene rated at the time the water is with
drawn from the r eserv oirs for othe r pur pose's. Ultimately, there f or e,
th e power gener ated fit t he foothi ll r eser voirs will he seasonal power,
varying in output with the level of the wat er su rface in the r eservoir,
th e amount of water r eleased, and the load fact or of the gen erating
plan t at the t ime of r elease, For many years, however, t he water yield
of th ese r eserv oir s would be grea te r th an the immature demands for
dom esti c, irrigat ion, i]] dl1Stri~l or other purposes on the lower areas .
'I'hrough this period, withd rawals could be mad e to su it the p articular
needs of power gene ration, and st ill serve all other then existing
demands. Th erefore, p ubli c economy can best be ser ved by coor dinat
ing th ese growing deman ds for water with the gene ration of power, so
that, through the per iod of th eir immaturity, pow er can be generated
to its full advanta ge, but u ltimately, will be subservient to the primary
uses of th e foothill r eservoirs.

FLOO D CONTROL BY RESERVOIRS.

'I'he f oothill r eservoirs, having the en tire drainage areas of their
streams t r ibuta ry to them, are the most favorably sit uated of all
r eser voirs to have flood cont r ol value. A complete an alysis of their
u til ity fo r this purpose has never been ma de . It ha s gener ally been
conceived that reservoirs arc useful for con tr olli ng floods by absorbing
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a large volum e of th e wat er. 'l'he report of the Califo r nia Debris Com
mission of .Iuue 29, HJll. Oil flood cont rol in the Sacra mento Valley,
states. " 'Wh ile fan)r ing th o use of reservoirs as far as possible, and
oons idei-ing that one of the advantages of the project her ein proposed
is that it lends its elf to f uture stora ge possibilities, the commission
believes that it is 1I0t economical to construct r eser voirs for flood control,
but th at suc h const ruction should be deferred until these r eser voirs
prove desirable for power and irrigation p ur poses."

Califo rnia is now entere d upon the period of r eservoir constr uction
for pow er and irrigation purposes. 'I'herefore, it is opportune at this
t ime to ascer ta in the value of r eservoirs for flood control. The p ossi
bilities of coordinating th e use of reservoirs for flood cont ro l wit h that
for other purposes, are not apparen t at first sigh t , because f or flood
control, reservoires should be held empty during the seasons of heavy
run-off, whil e for other purposes they shou ld be allowed to fill. 'I'he
investi gations of 1924, however , show that it is p ract icable to u t iliz e
the flood control feature of r eservoirs in harmony with their other
functions.

The Di vision of E ngin eering and Irr igat ion has undertaken to estab
lish th e princip les by which r eservoirs may be operated for contr olling
floods and still ma intain th eir full YHIue as stor age ente r prises.
Studies are now in progress that are expec ted to r esult in a statement
of the nec essary r ules. It appears practical, in many in stances at leas t,
to cut the volume of maximum floods ill half by ope r at ion of foothill
re serv oirs for flood control, wit hout detracting from their other va lu es.
'I'he studies are not yet sufficientl y ad vanced to show what bearing this
may have on flood control plans. The stor age capacity r equired for
flood control is large. On str eams of heavy run-off, it is so large that
economic considerat ions will probably preven t the constr uct ion of
r eservoirs for flood contr ol purposes alone except in spe cial ins tances.
However , th e possibi li ty of ope rating r eser voirs to cont r ol floods and
also to secure their full value in sto r ing water for domest ic, industrial
an d ir r igati on supplies, gen erating pow er , or spreading water on gravel
beds in the re p lenishment of ground water basin s, may make combina
tions of va lues that will advance the' use of reservoirs for flood control.
Complet ion of th e investigation alone can deter mine t his.

In the preparation of this rep ort, particular atten tion has been
plac ed au a study of the foothill r eservoirs in the Sacr am ento Valley,
inclu d ing an ana lys is of their flood control values, Reser-voirs at t he
edge of the vallev tloor on t he upper Sa cr am ent o, F eath er , Yuba , and
American Rivers are being in vestigated . The studies have not yet
progressed to th e point of drawing conclus ions. It will undoubtedly
be some t ime before as mu ch stor age capacity will be nee ded in the
Sacr ame nto Vall ey for irrigation supply as exists in these r eser voirs.
The poten tial pow er , h owever , is la rge. Wi th 400-foot dams on the
upper Sacramento, th e F eather , an d Yuba Rivers and a 300-foot da m
on the American, three billion kil owatt hours of electr ic energy could
be generated annually prior to the f ull use of t hese r eservoirs for
domestic, irrigation or industrial supply . Th is is equa l to more than
one-half of the t otal elect ric ener gy, both hydr o-electric and steam,
gener ated ill all of Califor nia during the pa st year. Although it would
take a number of' years for the market to abso rb such a la rge amount
of' hydro-elecn-ie power, f nrth er study may demonstr ate that cer tain
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combinat ion of uni ts migh t. form a progressiv e progra m that would
have defin ite flood cont rol va lues incidental to serving t he demands for
domestic and industria l su pply, irriga t ion <111(1 power . '1'0 mnko t hese
fe atures of the comprehensive p lan applicab lo to ern-re nt development,
requires stlld ~' of many possihle combin ations,

WOR K IN PROGRESS.

'I'her e arc sti ll many suc h st ud ies to he ma de befor e a final r eport
upon the compre hens ive plan can be submitted, P ursu it to completio n
will mou ld the compr ehens ive plan into a practical form indicating
the progressive st eps th at may serve as a general guide in the develop
ment of the state's wate r for t he greatest p ublic economy and to the ir
maximum util ity.

Examination in some detail of t he' practicabi lity of sa li ent f eatures of
the comprehens ive p lan ha s been undertaken "with the funds raised
for the preparation of th is report. 'l' ime has not been sufficient fo r
their completion, at t his writing. 'I'he work is being continued with
unspent funds, 'I'he features selected for examination in 1924, lar gely
con cern the convers ion of the surplus waters of the Sacramento V all ey
to the purposes of the comp re hensive plan . They are the barr-ier below
the mouth of the Sacramento and San J oaquin Rivers, t he K enn et t
reservo ir on t he upp er Sacramento River , t he Or oville r eservoir on
the Feather Ri ver , the Narrows r eservoir on the Yuba Ri ver , an d the
Folsom r eservoir on the A mer ican River .

BARRIER BELOW M OUTH OF SACRAMENTO

AND SAN JOAQUIN RI VERS.

The barrier is an integral unit of the comprehensive pl an for ulti
mately cons erving the waters of t he Great Central Valley. W ithout it ,
the re will always be "waste of water at the mouth of the two r ivers,
together with t he attendant in cursions of salt water into t he lower
r eaches of the rivers during pe r iods of low flow. I n addition to acting
as a dam diverting Sacramento Ri ver waters into the lower San J oaquin
River, it would maintain a lar ge fresh water pond in t he bay above it
and mak e practica l the r ecla ma tio n of the marsh lands along its margin ,
it would furnish unlim ited quant iti es of fresh water to the manufac
turing cente r s arising along the bay shore, together with many mino r
advantages. By const r ucting locks of adequate dimensions, t he barrier
would offer no particular obstruction to navigation. It would of
necessity be designed with am ple water way to pass ' t he floods of t he
Sacramento and Sa n Joaqu in Rivers wit hout raising flood heights on
the lower rivers over those of the past.

The physical possibility of locating and constructing such a dam
below the mouth of the Sacramento and San Joaquin Rivers, was investi 
gated in 1921-23 as far as possibl e without exp loration bor ings at t he
various possible sites for its location , E xp lor ati on bor ings are now
bein g conducted at th e three most promising locations, commonly
known as th e Army Point and the Dillon P oint sites in t he vicinity of
Carqu ine z Straits and the San Pablo Point sit e near Richmond, W asl;
bor ings and d iamond d ri ll holes have been sun k along t he cr oss-section
Ill' the «ha nuo l fit each one of th ese sites. Test holes arc hein g dr illed ill
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th e are as topogra phically su itable fo r the locks an d flood ga tes . This
work if> being done in cooperation with the United States Reclam ation
Service. To date, the exp lorations show that it is physica lly possible
to cons t ruct a ba rrier at any onc of the three locati ons. /I' he costs have
no t yet been determined:

Studi es of the effect of such a dam on silt deposits in Suisun an d San
Pablo' Bays, and on the flood heights in the lower r iver region are being
con duc ted by the Division of E ngineering an d Irrigation, with f unds
raised for this report. Additional money will be necessary to complete
th em, however,

RESERVOIR SITES O N
SACRAMENTO DRAINAGE AREA.

One -third of all the waters in the state are on the Sacramento drain 
age area. Therefore, plans for maximum use of the state's waters, of
necessity, are associated with the conservation of the waters of this
arca. 'I'he bulk of thc waters of the Sacramen to drainage basin p ass
off into the ocean during the flood period of the winter an d sp r ing
mon ths. On an average, three-fourths of th e entire r un-off occurs
during the months from December to May, inc lusive. Immense reser
voi r capacity will be required to catch this water and hold it over for
use during the summer months as well as to equalize, as much as
possible, the variable flow from vear to yea r . The 1921-23 invest iga
tion s developed tho f'uct that there are sufficient r eser voir sites t o
accomplish this.

Some of these sites occupy strategic locations for ultimate economic
developmen t. Proof of their p ractica bil ity is necessary befor e final
conclus ions may bc drawn conce rning the comprehens ive plan . Th e
1924 investigations have undertaken the studies of four reservoir sites
of strategic location on the Sacramento drainage area, one at the edge
of th e va lley floor on each of the upper Sacramento, Feather, Yuba
and A merican Rivers.

KENNETT RESERVOIR O N UPPER SA C RAM E NTO RIVER.

The Sacramento River u pst r eam from the mouth of the Feather
River , is t ho most imp or tan t of all t he streams tributary to the Great
Central Va lley. Its mean seasonal run-off is 12,400,000 acre -feet, one
half the run-off of the entire Sacramento drainage area and one-third
of all the waters of the Great Central Valley. The bulk of the su rplus
water s of the Sacramcnto Valley ar e in th is stream. W it hout large
storage reservoirs to equalize the flow, only a small fraction of t he mean
seasonal run-off can be put to use . Therefore, a major conservation
project is contingent upon the feasibility of st or ing a large part of
these waters.
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A r econnoissance su rvey has been run th e entire length of the main
cha nnel of t he Sa cramento River in search of possible reservoir sites.
Onl y one such site has been found at low enough elevation to catch a
large part of the water and of sufficient potential capacity to equalize
its er ratic flow. 'I'his is the K ennett r eser voir with its dam in the
Sacramcnto Canyon five miles downstream f rom the confluence with
the Pit . 'I'wo oth er dam sites were found in the Sacramento Cany on
but th e cost of storage exceeds that at Kennet t and their reservoirs
overlap the larger Kennett reservoir. Next in size to the K ennett
reservoir, is that in Iron Canyon on the main channel of the Sacra
mento, fifty miles downstream from the Kennett site. It, however, is
limited in capacity by the dam foundations and valu able improvements
flooded .

Large sto rage sit es exist on the Pit Ri ver and quite a number of
smaller ones on the lesser tributaries. These will be useful and neces 
sary in the full deve lopment of the Sacramento River , however , the
volume of water contro lled by them is too small to make possible the
use of a big f ra cti on of the entire run-off without a very large r eser
voir on the main channe l.

Th e K ennett reservoir is the only site lying upstream from the
F eather River ad equate to' control a large fra ction of the run-off. The
dam site lies on the main channel of the Sa cramento five miles below
the confluence with the Pit. It backs water up th e upper Sa cramento,
the Pit , the Meflloud, Squaw Cre ek, and numerous sma ll streams an d
gulches so that, although the r eservoir is comparatively narrow, it
has large capacity. A four hundred foot dam would back the water fo r
32 mi les up the Sacramento and Pit Riv ers.

The r eser voir site is traversed by the main line of th e Souther n
P acific Rai lr oad and a branch line running up the Pit River to Copper
City. A four hundred foot dam would flood twenty miles of the main
Sou th ern P acific line and require the r elocation of at least 35 miles of
track. Fourteen and one-half miles of the branch line along the Pit
River would also be submerged. Nine mil es of th e State Highway
would also hav e to be r econstructed. Besid es, th e towns of Kennett,
Antler, Copper City and Pollock would be submerg ed, along with t wo
smelters, one mine, the State F'ish Hatchery on the lUcCloud River,
an d othe r minor imp rovements . 'I'he flooding of all these makes a very
heavy charge in the estimate of cost of the Kennett res ervoir. Con
sequently, the unit cost of storage for low dam heights is high, but
the physiography is so favorable for a large reservoir, that even includ
ing the cost of flooding improvements, the unit storage cost for high
dams is moder ate.

Su rveys of the part of the Kennett reservoir lying in the Sacramento
Canyon were made u p to the 400-foot level during the in vesti gations
of 1921- 23 while searching for possible r eservoir sites. The field survey
of the entire r eservoir was compl et ed in the fnl! of 1924. The capacity
fo r several dam heights is as follows:
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Ca pac ity of Ken nett Rese r vo ir O n Sa c ra m e nt o R iver.

Arca of
w ater surface

in acres

Height of
dam 5 f eet
f r eeboard
100 feet -- _
120 feet : _
150 feet _
175 feet _
~OO feet _
~25 feet _
:200 feet _
~75 feet _
300 feet _
:{25 feet _
350 feet _
:175 feet _
400 feet -- _
425 feet _
450 feet _
475 feet _
500 feet _
G25 feet _
G50 feet _
57G feet _
GOO feet _

Capacity of
re servoir in

acre-feet
900________ 30 ,000

1,400 ________ 58.000
2,100 ________ 102 ,000
,:.000 - 10G.000
4,200________ 257,000
5.800 ________ 881.000
7.200 ________ 543.000
8.700_ _______ 740,000

10,500________ 983,000
1~,SOO ] .270.000
15.100 1,020,000
17,700 2,080 .000
20,500 2,G10.000
23,700 H,OG7,OOO
27.200 3,700.000
30 ,900 4,42 2,000
'14,700 5,242.000
38,GOO 0,100,000
42.500 7.171.000
40,500 8,2S0.000
50,800 9.50] ,000

Because of th e importance of the Kennett r eservoir t o any scheme
for developing the surplus waters of the Sacramento drainage basin, a
geologic examination with diamond drill explorat ions has been under
taken . Professor Georg e D. Louderback, of th e Univers ity of Cali 
f ornia, has been engaged to report upon the dam foundations. 'I'o date,
the exp lorations have been completed on the westerly bank of the
st ream. Th ey are now in progress on the east erly bank. A prel iminary
report of the geologist indicates that the formation is very massiv e .and
appear s favorable for a high dam.

Preliminary cost estimates have been prepared as follows -

P re li m in a ry Co s t Esti m ate Of K e n nett Re servoir.

Height of Capacity in Cost per
dam 5 j eet 'I'o t al cost acr e-f oo t
[ ree board acre-feet of capacity

250 feet $21,400,000 ___________ 543,000 $39 00
300 feet 2G,400,000 ___________ 983 .000 __________ 27 00
350 feet 84,000 ,000 1,020 ,000_ _________ 21 00
400 feet 44,100,000 2,510,000__________ 18 00

A dam 400 feet high at Kennett will yield an irrigation supply for
700,000 acres of land after pass ing sufficient water to satisfy the claims
of r ights now vested on th e Sacramento River. The delivery of this
into the river channel at th e rates required for irrigation would aua
ment the flow during August by 6000 second-feet even in years of small
run-off like 1920 and ] 924. A dam 320 feet high would afford sufficient
cap acity, if operated for flood control, to cut the maximum flood flows
in two. on the Sacramento above the mouth of the Feather River . If
th is were done it would make possible the reclamation of 100,000 acres
of land in Butte Ba sin at a cost for levees and rights of way. but with
out a r eservoir charge, of about $30 per acre. Th is basin li es on th e
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easterly bank of the Sacramento River westerl y an d northweste r ly
from the Marysvill e But tes. It is subject to overflow from the Sacra
mento River . 'I'ho cost of constructing levees to re claim against the
maximum flood without r eservoir contro l, would be very mu ch greater
than $30 per acre.

O RO V IL L E RESER VOIR S ITE.

Th e Feat her Ri ver is the second most impor tant st ream of the
tlacr am ento system. It has a mean seasonal run-off of 5,280,000 acre
fee t. Th e can yon of the F eath er Ri ver has a much steeper gra de than
th at of the main channel of th e Sacramento and is consequ ently less
favorable for re servoir sites. Rceonnoissance during th e fall of 1924
located two dam sites on th e main channel below the confluence of the
four branches an d a short distance upst ream from Orovill e.

..'\. sur vey of the r eservoir cap acit ies yi eld the foll owing:

Capac ity Of O ro v ille Rese rvoi r.

Upper dam site L ower dam sitc

Height of A r ea of Capacity of Area of Capac'it y 0/
dam 5 f eet w ater su r face r eservoir water su r f a ce reservoir
free board a cres ac r e-feet acres ac re-feet

100__________ aoo________ 12 ,000________ 300 _________ 12.000
12'5__________ 500________ 21,000 ________ 500 _________ 2:WOO
150__________ 700________ 3G.OOO________ 800 _________ :m.ooo
175__________ 900_ _______ 54,000 1,200 _________ fH,OOO
200 1,100_ _______ 78,000 1,500 _________ 07.000
225 1,400 10fJ.OOO 2,000 140,000
250 1,700 14G,000 2,400 1fJ5,OOO
2i5 2.000 1!J4,000 3,000 2(;4.000
aoo 2.400 248.000 a ,500 34ii.OOO
;{25 2.800 314. 000 4,100 440.000
:{iiO 3,300 390 .000 4,700 54!J,000
:H5 3.800 480.000 5,300 676,000
400 4,400 582,000
425 5,000 a9!J,Ooo
450 5,700 8a2.000
475 6,300 982,000

'I'hs Oroville dam sites have not been drilled. Th e office studies are
only partl y completed. Preliminary esti mate of cost on th e one dam
investigated to da te, a 400-foot dam at the upper site, is $75 per acr e
foot of capac ity. This in cludes the cost of r elocat in g 27.3 miles of
main line t r ack of the W estern Pacific Railroad as its enters the
F eather River Can yon , 2.3 mil es or broad gag e track of th e Hutchin son
Lumber Company, and 8.5 mil es of the narrow gage road of the Swayne
Lumber Company, and other improvements. F our miles of t he Or ovill e
Quincy eounty road would be flooded requi ring relocati on of 6.4 mil es
of r oad. The town of Bidwell Bar would be submerged , as would also
8 miles of canal of th e Oroville Wyandotte Irrigat ion District . The
Las P lumas plant of the Gre at W est ern P ower Company, a 65,000
K. V. A. installation, would have to be reb ui lt at an elevat ion 160 f eet
higher than its present loeation with consequent loss of power . Th e
esti mated cost of flooding al] th ese improvements totals 40 per cen t of
th e cost of the reservoir,
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It may be th at a clam of lower height, th at will not r equire the
reconstruction of th e La s Plumas power plant, or one located at the
lower dam site, will hav e a small er cost th an $75 per acr e-foot of
capacity.

There are no agricultural lands of any extent on the r eservoir site.
'I'he surface is mostly st eep and rocky and in us e for grazing.

NARR OWS RESER VOIR S IT E.

The Yuba River is the fourth most imp ortant tributary of the Sacra
mento syst em. Its mean seasonal run-off is 2,650,000 acre-feet. Th e
only dam site below the junction of th e forks is at the Narrows, near
th e town of Smartsville.

Information on th e dam site was obtained from borings mad e by the
California Debris Commission and the Yuba River Power Company .
A survey of the reservoir has not been made. Preliminary est imate s of
cost have been made as follows:

P rel im ina ry Co st Est imate Of Na rrows Rese rvo ir On Yuba R ive r .

H eight oj Total cost oj Ca pacity in Co st per
clam 5 f eet acr e-foot of
freeboard. r eser voir a cr e-f eet capacit y

::150 $1 G,750 ,000 247,000 $G8.00
400 20,1)00 ,00o 353,000 5 .00

The lands flooded in this r eserv oir site are of little value and the
only imp rovement of imp ortan ce is the Colgate power plant of th e
Pacific Gas and Electric Compa ny , a 15,575 k.v.a. installation. This
plant would have to be rebuilt at a high er elevation with a consequent
loss of power.

F OL SOM R ESERVO IR SI TE ON AME H ICA N R IV E R.

The third largest st ream of th e Sacramento system is the American
River. It has a mean seasona l run-off of 3,180,000 acre-feet. The
canyon of this st ream rising fro m the valley floor is -steep an d na r row.
A dam site was found below th e confluence of the North, Middle and
South Forks. It is a shor t dista nce upst r eam from F olsom. Th e topog
raphy limits a clam to 300 feet in heigh t. Th e crest lengt h is long for
this height and th er e are f oul' auxiliary dams. 'l'ho wat er backs up
both th e North and South Forks of the Am erican River . Survevs of
1924 determined the capacity as follows: "

Fo ls om Rese rvo ir On American River.

100 _
125 _
150 _
175 _
200 _
225 _
21)0 _
275 _ - - -- _
300 _

Height of
clam 5 f eet
freeboard

Area oj Capac i t y of
water su r face r eservoir

acres ac re -fee t
1,200______ ________ _________ 51 000
1,800--___________ ______ ____ 89.000
2,800_________________ ___ ___ 14 7,000
4,200 ._______ _______________ 234, 000
G,500. ______________ ________ 3GG,OOO
8,400.______________ _____ ___ fi52 ,000

10,000 __________________ ____ 782 ,000
11 ,GOO-- - - - - 1 ,053,000
13,100 -------- 1.3G1,000
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The' F olsom r eservoir would su bmerge 19 miles of th o main canal of
the North Fork Di tch Company and 14 miles of tha t of the Na tomas
Company. About one-third of the lan ds arc under cultivation , the r est
is used fo r gr azing' purposes, A prelimin ary est imat e of the cost of this
r eservoir has been mad e for three heights of dam although the dam
site hnx not been explored h.y the diamond dr-ill .

Pre limina ry Estimat e Of Cost Of Fo lso m Res e r vo ir O n A m erican R iv e r .

H ei g h t of T ota l cost of Capaci ty of C os t p er a cr e-
dam 5 feet reser ooir h I fo ot of stora ge
freeb oard reservoir acre -feet capacity

200 .: 11.GG2.00(L ____ ____ RGG.OOO $R2.00
2:>0 2 1.8(;:>.000 ____________ , 8 2.0:}0 28 .00
at:o -4,.3'G.OOO l .RtiJ ,000___________ RG .OO

'I'he F olsom reservoir is in a position to have cons ide r-a ble flood con
t ro l va lue. The maximum flood flow on the American R iver, estimated
by th o California Debris Commission, is 120,000 cu bic fc ct per second .
'I'hi s may be mu ch r educed by a lar ge re servoir at th e F olsom site.
A r edu cti on in the maxi mum flood flow would lessen the cost of re cla im
ing' 12,000 acres of overflow lands along the A meri can R ivet', would
decr ease the flood ha zard in the city of Sacramento and wou ld p er mit
th e constr uction of the levee along the northerly bank of the American
River close to the p resent cha nne l. 'I'his would bring North Sacramento
mu ch closer to the cit v of Sacra mento on the south bank and so elimina te
awkward traffic crossings on thc area between the river channel and
the present northerly levee that is set back f rom the river to afford
sufficien t room in th e river channel to pass th e maximum floods. Th e
present separat ion hinders th e expansion of Sacramen to in a no rtherly
direction.

o

37577 3·25 20M
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