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A SUMHARY VIE\.J OF \.JATER SUPPLY AND DEMAND IN THE 

SAN FRANCISCO BAY REGION, CALIFORNIA 

By S. E. Rantz 

ABSTRACT 

This report presents a summary view of the water-supply situation in the 
ni ne counties that comprise the San Francisco Bay region, Califor~ia, and 
thereby provides water data, based on 1970 conditions, that a~e needed for 
regional planning. For the purpose of this study the nine-county region has 
been divided into 15 subregions on the basis of hydrologic and economic 
considerations. Firm wa t e r supply is tabulated for each subregion by 
source--ground tva ter, s urface water, and imported water. \.Jater demand in 
1970 is tabulated for each s ubregion by type of use or demand--public 
supply, rural self-supply, irrigation, self-supplied industrial water, and 
thermoelectric power generation. 

The San Francisco Bay region is dependent to a large degree on imported 
water. Under 1970 conditions of d ~velopment, the firm water supply is 
2.2 million acre-feet per year; of that quantity, almost 1 million acre-feet 
per year is imported water. The water demand in 1970 was 1.9 million 
acre-feet, about half of which was consumed. Under 1970 conditions of water 
development and use, a series of dry years would probably necessitate some 
curtailment of irrigation activities in four of the subregions, where the 
bulk of the demand is for irrigation water. Under those same conditions 
there is generally ample water for municipal and industrial use throughout 
the region, except in eastern Harin County, where the firm municipal supply 
does not exceed the 1970 demand for municipal and industrial water. 

1 



2 HATER .SUPPLY AND DE~1AND .. SAN FRANCISCO BAY REGION, CALIFORNIA 

Although the firm water supply. of the San Francisco Bay region, 
inrluding imported wa t e r , is 8• nerally adequate to mee t present needs, 
suppl ement a l supply will be r equir ed to mee t increased demand in the future. 
The expa ns ion of existin ~ s urf~cc-wat c r fa c ilities a nd tl1e construction of 
new surf ace-water proj c ts , now con s id c r ~d f easible, could provide a combined 
firm supplemental yield of slightly mor e tha n 1 mi llion acre-feet per year, 
almost three-fourths of which would be available for import by those 
subregions that might experience a water deficiency in the future. However, 
any supplemental water that might be developed by such alternative methods 
as desalination of brackish or salt water, weather modification, and various 
conservation measures, will corr es pondingly reduce requirements for 
supplemental water from the more conventional sources. 

The aspec t of water qua lity is not discussed in this paper. Because of 
the present ava ilabi lit y of imported wat e r of good or acceptable quality, 
water quality , as it affects the supply, is not a serious problem at this 
time, except perhaps in local areas adjacent to San Francisco Bay and in the 
Sacramento-San Joaquin Delta. In those areas ground water had been degraded 
by salinity intrusion. Although the prediction of future trends in 
population, land use, and '~ater demand is beyond the scope of this report, 
there is no doubt that vigilance and careful planning '~ill be required to 
prevent serious future deterioration of the quality of the water supply. 

INTRODUCTION 

Purpose and Scope 

The purpose of this report is to present a summary of the water-supply 
situation in the nine counties that comprise the San Francisco Bay region 
(fig. 1), and thereby provide water data, based on 1970 conditions, that are 
needed for regional planning. It should be recognized that this, or any 
other, framework for Hater-resources planning will require continual updating 
as water and land usage change with time. The quantitative data on water 
supply were compiled from material in the files of the many water-planning 
agencies operating in California, including those under Federal, State, county, 
and local administration. The sources or derivations of quantitative data on 
water demand are discussed in appropriate places in the text. 
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4 \.JATER -SUPPLY AND DEMAND, SAN FRANCISCO BAY REGION, CALIFORNIA 

The reg ion has been divided fo-r s~udy into 15 subregions on the basis of 
both hydrologic and socioeconomic considerations. The regional subdivision 
r e pr e s ent ~ a compromise of conf lict ing factors: political boundaries (county 
l i n s ) onl y occasiona lly coin iu \vith topographic basin boundaries; ground
wa t e r divides often do not coincide with surfac e-water divides, and individual 
ground-water basins, therefore, often underlie severa l surtace-water basins 
or extend beyond the areal limits of the San Francisco Bay region; furthermore, 
the boundaries of service areas for imported water from individual sources 
often do not coincide with the boundaries of either the surface- or ground
~a ter basins that are served. The 15 subregions used in this report are 
listed in t ab l e 1 along with identifying letter and pertinent statistics with 
r ega rd to a rea, population, and principal sourc e of water supply. The 
subr eg1uns are delineated in figures 2 and 3, where they are identified by 
the l e tter given in table 1. 

Because of the seasona l na ture of the precipita tion regime, streams in 
the region are generally dry, or their flow is reduced to little more than 
a trickle , during the dry summer season when water demand is at a maximum. 
Consequently, the only dependable sources of apprec j able local supply are: 
(l) underlying ground-\.rater bodies that are natura l ly recharged, primarily 
by the seepage of streamflow and to a lesser degree by precipitation, and 
(2) surface water stored in reservoirs created by damming streams. Because 
the local t.rater supply is inadequate to meet the demand in most developed 
areas in the region, water is imported from other areas where the surface
water supply exceeds the local demand. The imported water is either used 
directly or is stored for later use in terminal reservoirs. In some areas, 
stored surface water, of either local or imported origin, is released to the 
stream channel at a rate that ensures optimum seepage into the streambed for 
artificial recharge of the underlying ground-water body. 

Minor sources of local supply include scattered springs and small 
ground-water bodies. In addition, in some areas of light water demand, the 
flat., of small streams is utilized in those months when flow is availabl~, 
after which time water is pumped from small local ground-water bodies. 



INTRODUCTION 

TABLE 1.--Perti rw11t s ta t i sti cs fo subregi ons in the San Francisco Bay region 

Subr egion 

ldenti-1 
fying 

letter 

Land 
area 

(sq Mi) 

Population 
in 

1970 

Principa l sourceH of 
water supply in 1970 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

Total 

Northwestern Sonoma County 304 

Lower Ru~~ ian kiver basin 888 

Napa Va lley 332 

Solano and eas t e rn Napa Counti es 1, 278 

Southwestern Sonoma and 383 
western Marin Counties 

Novato-Petaluma-Sonoma area 

Southeastern Marin County 

San Francisco County 

Western Contra Costa and 
northwestern Alameda Counties 

Eastern Contra Costa County 

Western San Mateo County 

Eastern San Mateo County 

Alameda Creek basin 

North Santa Clara Valley 

Southern Santa Clara County 

355 

194 

45 

424 

427 

267 

180 

841 

695 

381 

1,000 Wells; Gualala River tributaries 

134,000 Wells; Russian River and tributaries. 

78,000 Wells; Napa River and tributaries; 
import of Putah Creek water via 
Putah South Canal and North Bay 
Aqueduct. 

171,000 Wells; Putah Creek via Putah South 
Canal, Sacramento River (local 
pumping and conveyance via Cache 
Slough Conrluit). 

6,300 Wells and aprings. 

108,000 

161,700 

715,700 

1,213,900 

81,300 

13,000 

543,200 

336,400 

1,037,700 

27,000 

Wells; Novato Creek; import of 
Russian River water via Petaluma 
and Santa Rosa-Sonoma Aqueducts. 

Lagunitas and Nicasio Creeks. 

Import via Hetch Hetchy Aqueduct.! 

Wells; imports via Mokelumne 
Aqueduct 2 and Contra Costa Canal.3 

Wells; Sacra.ento-San Joaquin Rivers 
systea (local puaping and 
conveyance via Contra Coata Canal).3 

Wells and springa. 

Wells; import via Hetch Hetchy 
Aqueduct. 1 

Wells; Arroyo Valle, Alameda and San 
Antonio Creeks; imports via Hetch 
Hetchy Aqueductl and South Bay 
Aqueduct . ~ 

Wells; streams in the Guadalupe 
River-Coyote Creek-Stevens Creek 
system; t.porta via Retch Betchy 
Aqueduct 1 and South Bay Aqueduct.~ 

Wells; Uvaa, Llagas, and Pacheco 
Creeks. 

6,994 4,628,200 

lHetch Hetchy Aqueduct conveys water diverted from the Tuolumne River (a Sierra Nevada 
stream) and from Alameda Creek basin (subregion H). 

2Mokelumne Aqueduct conveys water diverted from the Mokelumne River (a Sierra Nevada stream). 
3contra Costa Canal conveys water diverted in the delta area from the Sacra .. nto-San Joaquin 

Rivers system. 
~South Bay Aqueduct conveys water diverted in the delta area from the Sacra.ento-San Joaquin 

Rivers system. 

5 



6 WATER SUPPLY AND DEMAND, SAN FRANCISCO BAY REGION, CALIFORNIA 
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8 \~ATER SUPPLY AND DEMAND, SAN FRANCISCO BAY REGION, CALIFORNIA 

The nature of the water supply, as · described above, largely dictates the 
t ype of informa tion to be included in this report. The data presented for 
ea ch of th e 15 s ubr eg ions i nclud e tile foll owin g information for 1970: 
sa f e yield of gr ound-wa t e r basins, a rtifici a l r ec ha r ge of ground-wat e r basins, 
f i rm yield of existing surface-wa t e r projects, firm yield from minor ground
and surface-wat e r sources, and firm exports and imports of water. (Definitions 
of the terms used in the preceding sentence are given in appropriate sections 
of the text.) Also given in this paper is the estimated water demand in 1970 
by subregion and by type of use or demand. This report also in~ludes a sectien 
on the firm yield of surface-water projects under construction as of 1972; 
those authorized for future construction; and sel ected projects, as yet 
unauthorized, but whose feasibility has been esta blished by preliminary study: 
The projects included in that last category are limited to those that, in the 
opi nion of the author, have a fair likelihood of he ing authorized in the 
foreseeable future. An example o f a proposed project tl1at has been studied 
but is omitted from discussion in this r eport, is ~orley Flat Reservoir on 
Pescadero Creek in southwestern San Mateo County. Firm exports and imports 
are also tabulated for surface-water projects that either are now under 
construction, have been authorized, or have been studied but are as yet 
unauthorized. 

The sources of future supply mentioned above are all of conventional 
nature--additional storage or diversion of streamflow. No quantitative data 
are available concerning the additional supply that may be provided by the 
development of less conventional sources--desalination of brackish or salt 
water and artificially increased precipitation through weather modification 
(cloud seeding)--or made available by the utilization of such conservation 
measures as reclamation of wastewater, suppression of reservoir evaporation, 
conjunctive use of surface and ground water, improved practices in irrigation, 
and watershed management. Because of the lack of quantitative data those 
measures are discussed only in general, although the additjonal water supply 
made available in 1970 through the limited reclamation of wastewater is 
reported. 

This report is limited to a discussion of the quantitative aspect of the 
water supply, although it is realized that a comprehensive treatment of the 
subject also requires inclusion of the quality aspect. However, because of 
the present availability of imported water of good or acceptable quality, 
water quality, as it affects the sup~ly, is not a serious problem at this 
time, except in local areas adjacent to San Francisco Bay and in the 
Sacramento-San Joaquin Delta. In those areas, salt water has intruded the 
ground-water aqui.fers. Although the prediction of future trends in 
population, land use, and water demand is beyond the scope of this report, 
it is safe to predict that vigilance and careful planning will be required to 
prevent serious future deterioration of the quality of the water supply. 



WATER SUPPLY IN 1970 

It is appropriate to close this introduction with a remark about the 
section of this report that deals with s upplemental wa ter supply for the 
futur e . If that sec tion appear s to be strongly orient ed toward surface-water 
proj ects, i t is because most \"at · ~ r-r c sour c e s investigations in the past we r e 
conc erned with such pro j ects , ~nd consequently quantit a tive project data are 
available. It is only lately tha t wa ter plan ners in the reg ion have been 
seriously concerned with the dev elopment of supplemental water from less 
conventional sourcLS and by utilization of various conservation measures, and 
consequently the appropriate quantitative data are lacking. It is the 
imbalance in availability of quantitative dat a that gives that section of the 
report its apparent cast. 

i\c knO\v 1 edgmen t s 

This report was prepared by the U.S. Geological Survey, in cooperation 
with the U.S. Department of Housing and Urban Development. The work was done 
during 1972 under the overall direction of R. D. Brown, Jr., project director 
of the San Francisco Bay region environment and resources planning study, 
and under the general supervision of L. R. Peterson, district chief in ·charge 
of water-resources investigations in California. 

The cooperation of personnel of the California Department of Water 
Resources, particularly N. D. Roos and D. J. Finlayson, in furnishing a 
significantly large part of the data used in this study, is gratefully 
acknowledged. Thanks are also due to the many water-planning agencies in 
the region--too numerous to list--that graciously ~ave the author access to 
data in their files. 

\-lATER SUPPLY IN 1970 

As explained earlier, the dependable water supply for a subregion 
includes the safe yield of ground - water basins within the subregion, the firm 
yield of existing surface-water projects within the subregion, and firm 
imports of water from projects outside the subregion. Definitions of those 
terms follow. 

Safe yield of a ground-water basin.--Safe ground-water yield is a 
somewhat ambiguous concept in that safe yield varies with the quantity of 
water withdrawn from the ground-water body and with the time and areal 
pattern of withdrawal. Nevertheless, it is a useful concept for a general 
appraisal of the ground-water supply. For this study, safe ground-water 
yield is defined as the annual pumpage, at the 1970 level of development, 
that can be sustained without permanent change in ground-water storage, or 
without short-term changes in storage that result either in excessive pumping 
costs or in excessive degradation of the water quality. Future change in 
land or water use may cause future change in safe yield. 

9 



10 I·!ATER SUPPLY AND DEMAND, SAN FRANCISCO BAY REGION, CALIFORNIA 

Firm yield of a-surface-water~roject.--Firm yield of a surface-water 
project can be defined, in general terms, as the maximum dependable draft 
that can be made continuously on a surface-water project, such as a 
r•s ervoir, to meet the water demand predicted for some preselected futttrc dat e 
(for example , year 2000) during a period of drought of given recurr ence 
interval or during a period of drought whose severity is equivalent to that of 
the driest period of record in the region. In California it is customary to 
use the most critical drought period of record as a criterion. In most 
regions in the State, including the San Francisco Bay region, that period 
commonly includes the consecutive years, 1924-34. The term "dependable draft" 
is v~riously defined, but all definitions refer to the frequency with whi c h 
the predicted water demands will be met. The frequency criteria in all 
definitions require that domestic, municipal, and industrial demands be met 
every year, but the frequency criteria in the various definitions vary 
somewhat with r ega rd to the magnitude and number of annual deficits tha t may 
occur with respect to the demand for irrigation wat e r. Despite this lack of 
consistency in definition, the values of firm surface-water project yield 
used in this study are adequate for general evaluation of the surface-water 
supply. 

Fii'm import.--If the firm surface-water project yield (maximum dependable 
draft) in a regi on exceeds the draft required to meet the predicted local · 
water demand, the difference between the two draft rates is a measure of the 
firm quantity of water available for export to a water-deficient region. 
\fuere such export is made, that quantity of water becomes the firm import of 
the water-deficient region. 

Although we have differentiated between local surface-water and 
ground-water supplies, it should be remembered that they are actually parts 
of a single entity--the total local water supply. An increase in surface
water withdrawal, unless made from flow that would otherwise reach the ocean, 
depletes the natural recharge to ground-water bodies. Conversely, an 
increase in ground-water withdrawal, unless made from isolated ground-water 
storage or made in a manner that substitutes beneficial use for 
evapotranspiration by nonbeneficial vegetation, eventually depletes the 
ground-water outflow that feeds surface streams. There are instances; too, 
Hhere it is difficult to label the source of the l.Jater withdrawn. For 
example, pumping from a ,.,eLl field close to a stream, as on the Russian River 
in subregion B, will usually induce seepage from the stream to the well 
field. Whether it is ground water or surface water that is being pumped is 
a matter of semantics, but the pumped water should not be attributed to both 
ground- and surface-water supply in preparing a water budget. In Santa Clara 
County (subregions N and 0) where onstream reservoirs store water for 
subsequent release and artificial recharge in the stream channels, it is 
virtually impossible to quantitatively categorize part f the local firm 
Hater supply as firm reservoir yield and part as safe ground-l.Jater yield. 
That is so because the streams, even without regulation, would naturally 
recharge the underlying ground-water bodies, albeit to a lesser degree, and 
therefore the entire local firm water supply must be t re~ ted as a single 
entity. 



\.JATER SUPPLY IN 1970 

Safe Yield of Ground-Water Basins and of Miscellaneous 
Minor Sources of Water Supply 

Table 2 lists the princi pal ground-water bas ins in the San Franc i sco 
Bay region, along with the numbers that identify the basins on the map in 
figure 2. That map, derived from a report by the California Division of 
Water Resources (1952, pl. 1), actually delineates the area of valley fill in 
each of the basins, rather than the ~otal extent of the principal aquifers in 
each h sin. However, the boundaries of the areas of valley fill usually 
closely match the boundaries of the principal basin aquifers . Table 2 also 
g ives the areal extent of the principal basin aquifers, the subregion or 
subregions in which the ground-water basins lie, the artificial recharge both 
in 1970 1d that which is available on a firm basis from import or loc~ l 

supply, dnd the estimated sa fe yield of each basin under 1970 conditions of 
water use. In keeping with local custom the basic unit of measure used is 
thousands of acre-feet per year--1,000 acre-feet per year is equivalent to 
620 gallons per minute, or 0.893 million gallons per day. All tables 
pertaining to water demand show values not only in thousands of acre-feet 

11 

per year, but also in equivalent million gallons per day. Similar conversions 
are given elsewhere in the text where deemed useful. 

The estimates of safe yield given in this report are consensus values 
obtained by consultation with ground-water hydrologists of the 
U.S. Geological Survey and the California Department of \.Jater Resources. 
It is seen in figure 2 that Santa Clara Valley (basin 2-9) occupies parts of 
four subregions, and it tvas therefore necessary to arbitrarily estimate the 
safe yield of each of the four sections of that bas1n. On the other hand, 
three of the basins (3-3, 5-21, and 5-22) extend beyond the boundaries of 
the study area, and it was necessary to arbitrarily estimate safe yield for 
those parts of the basins that lie within the study area. 

Some of the basins in Alameda and Santa Clara Counties until recently 
had been subject to overdraft--that is, annual pumpage exceeded annual 
natural recharge--but that imbalance has been halted by artificial recharge 
and probably no basins in the San Francisco Bay region are notv being 
overdrawn. Table 3 summarizes, by subregion, the data on safe yield given 
in table 2. 

Table 3 also summarizes the estimated firm yield of miscellaneous minor 
sources of local water supply. These minor sources include scattered springs 
(ground-water outflow) and small ground-water bodies. Also included are 
small streams which, in some areas of light water demand, are utilized in 
those months when flow is available, after which time water is pumped from 
small local ground-water bodies. 
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TABLE 2. --Perti ne •tt statis t ics foro principal grou•td-wate r bas i n.; i>Z t he Sa•z F'T'anaisao Bay region 

! 1\rtlf i..: i<t l 
Ground-water basin rc cha rgc Es timat ed 

Subreg ion 
Areal " xt ent (thousands of sa fe yield 

Identi- ln which of princi pal acre-f eet) (thousands of 
fying Name basin lies 

bas in aquifers Firm acre-feet 
nwnber (sq mi) In annual year) 
(fig. 2) 1970 

per 
value 

1-17 Alexander Valley 8 35 0 0 3 

1-18 Santa Rosa-Healdsburg Valleys 8 180 0 0 30 

2-1 Petaluma lley F 127 0 0 10 

2-2.0 I Napa Va lley c 230 0 0 12 

2-2.02 Sonoma Valley F ISO 0 0 10 

2-3 Suis un-Fairfield Valley D 259 0 0 10 

2-5 Clayton Valley J 30 0 0 s 

2-6 Ygnacio Valley I 32 0 0 5 

2-7 San Ramon Valley I 31 0 0 3 

2-8 Castro Valley I 4 0 0 2 

{ 
I 88 

}'" 
0 0 5 

L 73 0 0 10 
2-9 Santa Clara Valle•· H 133 I 15 2 32 3 25 

N 290 .. 119 5 60 G 180 

2-10 Livermore Valley H 170 2 3 2 7 7 18 

2-11 Sunol Valley H 20 0 0 2 

3-3 Gilroy-Hollister Valley 0 75 8 27 9 19 G 75 
(Santa Clara County portion) 

5-21 Sacramento Valley 0 380 0 0 60 
(Solano County portion) 

5-22 San Joaquin Valley (Contra J 200 0 0 30 
Costa County portion) 

loelivered by South Bay Aqueduct and includes local contribution from Del Valle Reservoir. 
2Delivered by South Bay Aqueduct. All water for recharge is imported; the 6,000 acre-feet 

of aqueduct water that originates as firm natural inflow to Del Valle Reservoir h · considered, in 
this report, as being used for municipal and industrial purposes in Alameda County. 

3ooes not include the 32,000 acre-feet of recharge water imported via South Bay Aqueduct. 
~Consists of 38,000 ere-feet imported via the South Bay Aqueduct and 81,000 acre-feet 

from the local reservoir system. 
Sthe figur~ of 60,000 acre-feet per year represents the firm yield of the local reservoir 

system. After 1975 all water imported via the South Bay Aqueduct will be treated and used for 
industrial and municipal purposes; none will be used for artificial recharge in subregion N. 

6This value represents the combined surface- and ground-water components of the locally 
derived water supply. 

7Does not include the 7,000 acre-feet of recharge water imported via South Bay Aqueduct. , 
Bconsists of 21,000 acre-feet released from Uvas and Chesbro Reservoirs, and an estimated 

6,000 acre-feet released from Pacheco Lake. 
9the figure of 19,000 acre-feet per year represents the firm yield of the local reservoir 

systems. Uvas and Chesbro Reservoirs have a combined firm yield of 15,000 acre-feet per year;. 
Pacheco Lake has a firm yield of 4,000 ac re-feet per year. 
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Suhr "-·g i o n 
Est hna ti' d ..;.1 f c y ie l d fr .;;T::·, i~~~~:""il.~,:-.~i~;-

princ lp.11 ground-\..•a c,•r ' ... u r ;d v t r•• lll mf uo r ) ~ r ound-

13 

l~o.! llti- 1 
tying 

l e tt e r 
Name 

h:_lslns ( from t.lblt..· .') i .1nJ s ur L h.:c -·.• .tt•·r ~ourc~ s 1 

Thousand s of ac re- I ~ •t p~r year 

A Northwestern Sonoma County 

8 

c 
il 

Lowe r Russian River basin 

~a p" Valley 

So lnno and ea stern Napa Counties 

33 

12 

70 

iO 

E Southwestern Sonom.1 and 
we ste rn ~arln Countie s 

20 

' · :-\ o u th c:l~t c rn ~t a r ln County 

H San Francisco County 

J 

K 

L 

N 

Weste rn Contra Costa and 
northwestern Ala~eda Counties 

Eastern Contra Costa County 

Western San Mateo County 

15 

35 

East e rn s~n Mateo County 10 

Alameda Cre~k basin 45 

2 

North Santa Clara Valley 2 180 2 

_o _______ so_u_t_h_e_rn __ S_a_n_t_a_C_l_a_r_a_c_o_u_n_t~y ________________ 3 _7_5 ______________________ 2 __________ _ 

Total 495 76 

1See page 11 for description of miscellaneous minor s ources o f water s up p l y . 
2tn ... ludes firm yield of 60,000 acre-feet per year from su r face-water resen·olr s In the 

north Santa Clara Valley reservoir system. 
3tncludes firm yield of 19,000 acre-feet per year from Uvas and Chesbro Reservoirs and 

from Pacheco Lake. 

It is difficult to generalize concerning the yield of wells in the region 
because of the areal variability of the transmissivity of the aquifers. 
Suffice it to say that in the central core of the valley-fill areas shown in 
figure 2, well yields commonly range from 500 to 1,500 gpm (gallons per 
minute); in the outer parts of the valley-fill areas the range is commonly from 
50 to 500 gpm; in low foothill areas the range is commonly from 5 to 50 gpm; 
in areas of higher altitude the range is commonly from 0.5 to 5 gpm. The 
following tabulation translates these ranges of well yield to water utility: 

WelZ YieZd 
0.5 to 5 gpm 

5 to 50 gpm 
50 to 500 gpm 

500 to 1,500 gpm 

Water Uti Zi ty 
Marginally adequate to adequate for stock use or 

single family domestic use. 
Adequate for stock or single family domestic use. 
Adequate for light industry, but inadequate to 

marginally adequate for irrigation, heavy 
industry, or municipal supply. 

Marginally adequate to adequate for irrigation, 
heavy industry, or municipal supply. 
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Firm Surfac~-Water Yield 

Ta bl e 4 l is ts , by subreg ion , the principa l surface-water projects 
0per a tive in 1970 . a nd tl1e firm surfac e-water yields they provide. The 
pro jec ts listed in the table are shown in figure 3, except for Lake Mendocino 
on East For k Russian River which i s about 25 miles upstream from, or north of, 
the northern boundary of subregion B. ~tore than half the inflow to Lake 
Mendocino is wa t er diverted from the Eel River. Lake Mendocino r g la tes the 
augnent ed floH ot the Russian River, but because the diversion of Rus sian 
Ri ve r wa t e r is ma de in subreg i on B, releases from Lake Mendocino are 
cons id e r ed ra r t of the local supply of subregion B and not an import to the 
subre ~ i on . 

In t hr ee • f the subreg ions--B. D, and J--water is surplus to the local 
need and is export ed to subregions that have a water deficiency. The water 
t ranspo r ted fr om the Sacramento-San Joaquin Delta area in the Contra Costa 
Canal is considered part of the local supply of subregion J, because the 
d ive rsion is made in subregion J and much of the transported water is used 
in that subreg ion. 

TABLE 4.--Pirm yie~ of surface-water projects in 1970 

Sub
reg i on 

Pro jec t 

A None 

8 Lake Mendoc i no (East Fork Russian River) 

C Lake Hen~essey (Conn Creek) 
Mi nor re servoirs (Rector, Milliken) 

D Lake Berryessa (Putah Creek) and Putah 
South Canal 

Local pump ing from Sacramento River 
Cache Slough Conduit (Vallejo diversion 

from Sacramento River) 
Mi nor reservoi rs (Lake Curry, Lake Herman) 

E None 

F Sta f ford Lake (Novato Creek) 

G Re servoir system on Lagun i tas and Nicasio 
Creeks (Lake Lagunitas, Bon Tempe Lake, 
Alpine Lake, Kent Lake, and Nicasio 
Reservo i r) 

H None 

Local infl ow to te rmina l reservoirs of 
M~kelumne Aqueduct (Lake Chabot and 
Briones , San Pablo and Upper San Leandro 
Reservoirs) 

See footnotes at end of t able . 

Firm yield, 
in thousands of acre-feet~er~ear 

For local u~e j For export j Total 

43.2 I 8.8 2 52.0 

1 ~:~ }t9.0 
0 }o 11.0 

} 19.0 0 8.0 

' 183.5} . 12.5} '196.0} 
1 ~~:~ 324.3 ~ 12.5 115.0 '36 8 

2 1. 5 .) • 

5 4.3 0 5 4.3 

2.0 0 2.0 

30.0 0 30.0 

10.0 0 10.0 



Sub
region 

WATER SUPPLY IN 1970 

TABLE 4. --FilWI yie Zd of surface-wate r projec t s i •z 1970--Con t inued 

Firm y i e ld, 

Proj ec t In t hou sa nds o ( acre-fee t j)_er year 

For l ocal us e I For export J Total 

J Local pumping from delta (Sacramento
San Joaquin Rivers system) 

Contra Costa Canal (from Sacramento
San Joaquin Rivers system in delta) 

':::::} 185.0 .• :.0} 65.0 : :::::} 250.0 

K None 

I. l.oca 1 inflow to term i na 1 reservoirs of 
Hetch Hetchy Aqueduct (Crystal Springs 
Res ervo ir, Pilarcitos Lake , and 
San And reas Lake ) 

~~ Calave ra s and San Antonio Reservoirs 
(Alameda and San Antonio Creeks) 

Del Valle Reservoir (Arroyo Valle) 

N Lake Elsman and Williams Reservoir (both 

10.0 

~ 38 .0} 

I 0 6.0 

II 5.0 

0 10.0 

0 } 
9

38.0} 
44.0 0 44.0 

0 10 6.0 

0 II 5.0 on Los Gatos Creek) and diversion from 
Saratoga Creek 

Santa Clara Valley reservoir system 
(Lexington, Guadalupe, Almaden, Calero, 
Coyote, Anderson, and Stevens Creek 
Reservoirs) 

12 65.0 0 12 65.0 

0 Uvas and Chesbro Reservoirs (Uvas and 
Llagas Creeks) 

Pacheco Lake (Pachec~ Creek) 

13 60.0 

15 .0} 
1" 19.0 

4.0 

0 13 60.0 

15.0} 

4.0 

1Export to subregion F as follows: Novato area--3,600 acre-feet per year; Petaluma 
area--2,600 acre-feet per year; Sonoma area--2,600 acre-feet per year. 

2Total firm yield is actually 60,000 acre-feet per year, but 8,000 acre-feet per year 

llo 19.0 

is allocated to Mendocino County, which is upstream from that part of the Russian River basin 
that lies in the San Francisco Bay region. 

3of this quantity, 7,500 acre-feet per year is allocated for use in the Putah Creek basin 
in nort heastern Napa County; the remainder is allocated to Solano County. 

4 Export to Napa Valley (subregion C) via a short operative section of the North Bay 
Aqueduct. In 1970, the quantity exported was 3,600 acre-feet. After completion of the 
North Ba y Aqueduct in 1980, diversion to Napa Valley will no longer be made from Putah Creek, 
but will be made from the Sacramento River. 

Sof this total, 3,300 acre-feet per year is allocated to Solano County and 1,000 acre-feet 
pe r year to Napa County. 

6Includes water for irrigat i on pumped by the East Contra Costa Irrigation District, the 
Byron-Bethany Irrigation District, and private irrigators on the delta islands. Also included 
is water pumped by the Contra Costa County Water District, which is then treated for municipal 
and industrial use. Not shown in the table is 2. 2 million acre-feet of water, about half of 
which is bracki ~ ~ . that is pumped annually for cooling purposes and then returned to the delta-
see table 12, s ubregion J. 

7Although the firm yield is 130,000 acre-feet per year, half of which is for local use, 
only 90,000 acre-feet was withdrawn in 1970, half of which was used locally and the remaining 
hal f exported to subregion I. 

BExport to subregion I. 
9This quantity, conveyed in the Hetch Hetchy Aqueduct, is considered to be part of the 

water delivered for use in Alameda County (subregion M). 
10This quantity, whether released down the stream channel or conveyed in the South Bay Aqueduct, 

is considered to be part of the water delivered for use in Alameda County (subregion M). 
11For use by city of San Jose. 
12Ref e r to f ootnote 13; 60,000 acre-feet of the 65,000 ac re-feet shown has been included 

in the s afe y ield of the ground-water basin in subregion N (table 3). 
1 3The 60 ,000 acre-feet per year s hown for the Santa Clara Valley reservoir system is included 

i n t he safe yi e ld of the ground-water basin in s ubregion N (table 3), and should not be used 
t wi ce in a hyd rologic budge t. 

1'- The 19 , 000 acre-fee t per yea r shown for reservoi r s in subregion 0 i s included in the safe 
~· i e l d of t he g r ound-water bas it~ i n tha t subreg ion (table 3), a nd should not be used twice in a 
hydr o l ot; i c budget. 

15 
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It should be re~embered that in most years the actual surface-water yield 
will exceed the firm surface-water yieid--that follows from the definition of 
firm yi e ld of a surface-water project given 0 0 page 10, where it is stated 
th ilt r:hc va lue of firm yield is largely based on the availability of water 
duri ng J ry years. 

Firm t-later Imports 

Tab le 5 lists, by subregion, the firm imports available from projects 
oper a tive in 1970, and the actual quantities imported in 1970 from those 
projects . Figure 3 shows the pr1ncipal storage facilities and aqueducts 
involv 0 in tl1 transfer of water, except for the reservoirs on the Sierra 
:~ evada st r eams--Tuolumne and Mokelumne Rivers--from which water is diverted 
into the Hetch Hetchy and Mokelumne A~ueducts, respectively. Those 
reservoirs are east of the eastern boundary of figure 3. Actual imports in 
1970 were less than the firm import values in all subregions other than F, 
because the additional t.rater available was not needed. 

Wastewater Reclamation 

About 3,700 acre-feet (3.3 million gallons per day) of reclaimed (reused) 
wastewater was used in the region in 1970 (Deaner, 1971). Figure 4 shows 
the location of water-reclamation sites in the region. The identifying site 
numbers in figure 4 are those used in the above-cited report by Deaner. 
The numbers are used again in table 6, which gives the name of each site, the 
quantity of wastewater reclaimed in 1970, and the use to which the reclaimed 
''.J ter was put. 

The quantity of wastew~ter used in 1970 is only a minute part of that 
discharged, as shown in a report by the California Department of Water 
Resources (1971, p. 135-137). That report states "The 59 (reporting) 
dischargers (in the San Francisco Bay region) released 589,104 acre-feet 
wastewater and of this total seven discharg~rs reused 2,611 acre-feet of 
wastewater." It is a foregone conclusion that the reclamation of wastewater· 
for beneficial use will increase significantly in the future. 



WATER SUPPLY lN 1970 

TABLE 5 . --Fi/"f11 rJater imports .I'Om rn'O.iea ts opera tive in 19 70 

Sub
r eg l.on 

A None 

B Nc e 

Canal or •'~ ' • •etlu ct i n wh ich 
impor ted wate r is conveyed 

C Putah South Canal and North Bay Aqu educt I 

D None 

E None 

F Pe taluma and Santa Ros a-Sonoma Aqueduct s 

G None 

H He t ch He tchy Aqueduct 4 

{
Contra Costa Canals 
Mokelumne Aqueduct & 

J None 

K None 

L Hetch Hetchy Aqueduct~ 

M 

N 

1 Hetch Hetchy Aqueduct ~ 
l South Bay Aqueduct9 

{
Retch Retchy Aqueduct~ 
South Bay Aqueduct9 

0 None 

Total 

Import 
(thousand s of acre-fee t per year) 

In 1970 Firm import 

0 0 

0 0 

3.6 12.5 

0 0 

0 0 

3 8.8 3 8.8 

0 0 

Ill 130 

45 
} 257 212 

65 
364 

0 0 

0 0 
7 76 7 123 

so 
} 18 10 II 18 

8 10 
10 12 82 

48 
} 136 13 88 

73 
lit 100 

0 0 

610.4 968.3 

!Diversion to Napa Valley from Lake Berryessa (Putah Creek) which is in subregion D. 
Delivery is made via Putah South Canal and a short operative section of the North Bay Aqueduct. 
After completion of the North Bay Aqueduct in 1980, diversion to Napa Valley will no longer be 
made from Putah Creek, but will be made from the Sacramento River. 

2D i version from Russian River in subregion B. The Russian River is regulated upstream 
from subregion B by Lake Mendocino. 

3rmpor t by subregion F as follows: Novato area-- 1 ,600 acre-feet per year ; Petaluma area--
2 , 600 acre-feet per year; Sonoma area--2,600 ac re-feet per year. 

~Retch Retchy Aqueduct conveys wa t e r diverted from the Tuolumne River (a Sierra Nevada 
stream) and from Alameda Creek basin (subregion H). 

Scontra Costa Canal conveys water diverted in the delta area (subregion J) from the 
Sacramento-San Joaquin Rivers system. 

6Hokelumne Aqueduct conveys water diverted from the Mokelumne River (a Sierra Nevada stream). 
7Does not include 10 , 000 acre-feet per year of local inflow (firm yield) to terminal 

servoirs in San Mateo County. 
8Does not include 38,000 acre-feet per year of local inflow (firm yield) to reservoirs that 

are part of the Retch Hetchy system in Alameda County. 
9South Bay Aqueduct conveys water diverted in the delta area from the Sacramento-San Joaquin 

Rivers system. 
10Does not include firm yield of Del Valle Reservoir (6,000 acre-feet per year) in subregion H, 

the diversion of which is also conveyed in the South Bay Aqueduct for use within subregion H. 
11 Ent i re 18,000 acre-feet was used for artificial recharge in 1970. 
12of the 82,000 acre-feet shown, 39,000 acre-feet will be used for artificial recha r ge of 

ground water. 
13of the 88,000 acre-feet, 38,000 acre-feet was used or artificial recharge; the remainder 

was used for municipal and indus trial purposes. 
1 ~None of this water will be used for recharge after 1975; it will all be used tor municipal 

and industrial purposes. 

17 
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TABLE 6.--RecLaimed was tewater in 1970 

Site Quantity of waste-
water reclaimed 'Is<! of reclaimed 
Million Number County City treatment Acre - wastewater 

(fig.4) plant or institution 
gallons 

feet per day 

18-1 Sonoma Marine Cooks and Stewards 0.038 43 Ornamental lake 
School 

18-3 do. Santa Rosa sewage .178 199 Crop irrigation 
treatment plant (pasture and fodder) 

18-4 do. Sebastopol sewage .137 153 Crop irrigation (pasture) 
treatment plant 

2-1 San Francisco Golden Gate Park water .630 706 Landscape irrigation, 
reclamation plant scenic lakes 

2-2 Alameda Live rmore water • 548 61~ Golf cour se and land sca pe 
reclamation plant irrigation 

2-3 Napa Headowood Community .014 16 Golf course irrigation 

2-4 Napa Pacific Union College .132 148 Crop irrigat~on (fodder) 

2-5 Alameda Pleasanton sewage .959 1,074 Crop irrigation (pasture) 
treatment plant 

2- 6 San Mateo San Francisco County .137 153 Golf course irrigation 
Jail 12 

2-7 do. San Mateo County Boys' .003 ) Landscape irrigation 
Ranch 

2-8 do. Log Cabin Ranch School .008 9 Landscape irrigation 

58-1 Contra Costa Btentwood sewage . 137 153 Crop irrigation (pasture) 
treatment plant 

58-2 Solano California Med ical Facility .)56 399 Crop irrigation (pasture) 
(Vacaville) 

Total 3.277 3,670 

Summary of Water Supply in 1970 

Table 7 summarizes, by subregion and source of supply, the firm 
supply of water in the San Francisco Bay region in 1970. The data given are 
abstracted from ables 3-5; they do not include the small quantity of 
wastewater rec imed in 1970, that is shown in table 6. Also excluded is the 
1.1 million acre-feet per year of fresh cooling water for thermoelectric 
generation that is withdrawn from the Delta in subregion J--see table 4, 
footnote 6. The cooling water is returned to the withdrawal sites virtually 
unchanged in quantity and quality, except for its raised temperature. 
The figures in table 7 differ slightly from those in tables 3-5 because of 
rounding to the nearest integer in table 7. 
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ld enti- ~ 
fy ing 

letter 

A 

B 

c 
0 

E 

G 

H 

J 

K 

L 

M 

0 

Tot a l 

TABLE 7.--Fi rm water supply in 19 70 

Subre gion 

Name 

Northwestern Sonoma County 

Lower Russian River basin 

Napa Valley 

Sol ano and eas tern Napa Counties 

Southwestern Sonoma and 
we s t e rn Marin Counties 

Nova t o-Pe t a luma- Sonoma a r ea 

Southeastern Marin County 

San Francis co County 

Western Contra Costa and 
northwestern Alameda Counties 

Eastern Contra Costa County 

Western San Mateo County 

Eastern San Mateo County 

Alameda Creek basin 

North Santa Clara Valley 

Southern Santa Clara County 

Firm (sa fe} y i e ld , i n 
thous ands of acre - feet pe r vea r 

Locally de ri ved l I 
Ground I Surface l Misce l- I Import 

water wate r laneous 1 

33 

12 

70 

20 

15 

35 

10 

45 

II 180 

I~ 75 

495 

2 43 

19 

" 324 

2 

30 

10 

10 

44 

12 5 

I 5O 

672 

3 

10 

2 

20 

5 

3 

4 

s 
2 

2 

12 

2 

2 

2 

2 

76 

0 

0 

3 12 

0 

0 

9 

0 
6 130 
7 429 

0 

0 
6 9 123 

10 92 

13 173 

0 

968 

Total 

3 

861 

45 

414 

5 

34 

34 

135 

456 

222 

12 

145 

183 

360 

77 

2 '211 

l see page 11 for description of miscellaneous minor sources of water supply. 
2Excludes 9,000 acre-feet per year for export to subregion F. 
l rmported from Lake Berryessa, in subregion D, via Putah South Canal and short operative 

section of North Bay Aqueduct. 
~Excludes 12,000 acre-feet per year for export to subregion c. 
Slmported from Russian River in subregion B. 
6lmported from Tuolumne River (a Sierra Nevada stream) via Hetch Hetchy Aqueduct. 
7 Includes 65,000 acre-feet per year from Sacramento-San Joaquin Rivers system in subregion J, 

via Contra Costa Canal; and 364,000 acre-feet per year from Mokelumne River (a Sierra Nevada 
stream) via Mokelumne Aqueduct. 

BExcludes 65,000 acre-feet per year for export to subregion I. 
9ooes not include 10,000 acre-feet per year of local inf low (firm yield) to terminal 

reservoirs of Hetch Hetchy system in San Mateo County; that 10,000 acre-feet is shown ao surface
water yield for subregion L. 

IOincludes 10,000 acre-feet per year imported via Hetch Hetchy Aqueduct and 82,000 acre-feet 
per year imported via South Bay Aqueduct. The Hetch Hetchy import shown does not include any of 
the 38,000 acre-feet per year of firm yield of reservoirs that are part of the Hetch Hetchy 
system in Alameda County. The 38,000 acre-feet is included in the 44,000 acre-feet shown for 
surface-water yield. The South Bay Aqueduct import shown does not include 6,000 acre-feet 
per year of firm yield of Del Valle Reservoir; that 6,000 acre-feet is included in the 
44,000 acre-feet shown for surface-water yield. 

llrncludes 60,000 acre-feet per year (firm yield) from the north Santa Clara Valley reservoir 
system for artificial recharge. 

12txcludes 60,000 acre-feet per year from the north Santa Clara Valley reservoir system for 
artificial recharge of the ground-water basin. 

13 Includes 73,000 acre-feet per year imported via Hetch Hetchy Aqueduct, and 100,000 acre-feet 
per year imported via South Bay Aqueduct. 

14 Includes 19,000 acre-feet per year (firm yield) from Pacheco Lake and Uvas and Chesbro 
Reservoirs for artificial recharge. 

ISExcludes 19,000 acre-feet per year from Pacheco Lake and Uvas and Chesbro Rese rvoirs for . 
artificial recharge of the ground-water basin. 
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\.JATER DEMAND IN 1970 

Water demand in 1970 n the San Francisco Bay reg ion is discussed 
under the following headings: 

1. Public supply.--This category includes all water supplied by public 
or private water-distribution agencies, for domestic, municipal, commercial, 
and industrial use. 

2. Rural self-supply.--This category includes all water self-supplied 
for domestic u ~ e, including the irrigation of lawns and small noncommercial 
truck gardens, and for livestock use. 

3. Irrigation.--This category includes all water, either purchased or 
self-supplied, for the irrigation of commercial farms or orchards. 

4. Self-supplied industrial water. --This category includes all 
self-supplied water used by industry other than t hat used in the generation 
of commercial electric power or in mining. 

5. Thermoelectric power generation.--This category includes all water 
used for the generatio of commercial electric power. No hydroelectric power 
is generated in the region. 

The above five categories include the principal water uses that deplete 
or seriously degrade the water supply. (The quantity of water consumed in 
the generation of thermoelectric power is small, but the quantity withdratro 
is large. Detailed figures of such use are given in this paper because of 
their availability from the Federal Power Commission.) Other water uses 
commonly considered in an inventory of water demand include those for 
recreation, fish and wildlife enhancement, and mining. Tl1e estimated average 
quantity of water to meet the combined requirements of recreation and fish 
and wildlife in the region totals 10,000 acre-feet per year (less than 
10 million gallons per day), and such use does not seriously conflict with 
other demands. Although not considered in this inventory because the use of 
brackish water is involved, it should be mentioned that 200,000 acre-feet 
per year of brackish water is required to sustain the natural vegetation in 
Suisun Harsh needed by waterfowl. t1ining, including the removal of sand 
and gravel from streambeds, requires an estimated 20,000 acre-feet of water 
per year. From a regional standpoint that total quantity is small, but it 
should be realized that a mining operation may cause local problems with 
regard to water quality or deterioration of other aspects of the environment. 
Such problems are beyond the scope of this report. 

Firm contracts for the export of water from a subregion of water surplus 
to one of water deficiency constitute a demand on the water supply of the 
subregion of surplus. In this paper, however, imports and exports of water 
are discussed in the sections on water supply. 
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Public Supply 

Table 8 shows, by subregion, the population served by public and privat e 
water-distribution agencies in 1970, the water demand (quantity delivered) 
and the water consumed. The figures of population served and qu ntities of 
water delivered were obtained from a report by Limerinos and Van Dine (1971). 
That report also included a map showing t ~e service areas of the various 
purveyors of water in the region. It is estimated that about 90 percent 
of the water delivered was of surface-water origin, and that about one-fourth 
of all water delivered was used by commerce and industry. 

It is further estimated that about 40 percent of all water delivered 
~a s consumed . There is no firm basis for that estimate with regard to water 
consumed by commerce and industry, other than the judgment of coworkers 
involved in studies of water use. The rationale on which that estimate is 
based, with regard to domestic water consumption, is as follows: 

1. Little of the domestic water used t~ithin the house is consumed. 
2. About three-fourths of the domestic water used outside the house--lawn 

irrigation, for example--is consumed. 
3 . About half the domestic water delivered is applied outside the house. 
4. Multiplying 50 percent (from ·step 3) by 75 percent (from step 2) gives 

37.5 percent; rounding that percentage upward for the small quantity 
of water consumed within the house (from step 1) gives 40 percent. 

TABLE B.--Water wse in 1970--public supply 

Subregion Popu- Water demand Water consWDed 
Thou- Thou-lation sands Millions Gallons sands Millions 

Identi- served of of per of of 
fying Name (thou- gallons capita gallons 

acre- acre-letter sands) feet per day per day feet per day 

A Northwestern Sonoma County 0 0 0 0 0 

B Lower Russian River basin 70.0 13.6 12.1 173 5.4 4 . 9 

c Napa Valley 58.0 14.0 12 . 5 216 5.6 5.0 

0 Solano and eastern Napa Counties 150.0 27.0 24.1 161 10.8 9.6 

E Southwestern Sona.a and 3.0 .4 . 3 100 .2 .1 
western Marin Counties 

F Novato-Petaluma-Sonoma area 83.0 11.2 10.0 120 4.5 4.0 

G Southeastern Marin County 160.0 32.5 29 .0 181 13 . 0 11.6 

H San Francisco County 715.7 110 . 5 98.7 138 44 . 2 )9 .5 

Western Contra Costa and 1,200.0 248.6 222 . 0 185 99.4 88.8 
northwestern Alameda Counties 

J Eastern Contra Costa County 75.0 14.2 12.7 169 5.7 5.1 

K Western San Mateo County 11.0 1.4 1. 3 114 .6 . 5 

L Eastern San Mateo County 537.0 91.6 81.8 152 36.6 32.7 

!'! Alameda Creek basin 310 . 0 50. 4 45.0 145 20 . 2 18.0 

N North Santa Clara Valley 980.0 207 . 2 185 .0 189 82. 9 74 . 0 

0 Southe rn Santa Clara County 18.0 3. 9 3. 5 195 1.6 1. 4 

Total or average 4,370 . 7 826 . 5 738.0 169 330 . 7 295 .2 
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Rural Self-Supply 

Table 9 shows, by subregion, the population self-supplied with water 
for domestic and livestock use in 1970, and the water demand (quantity 
applied) for those uses. The population figures were obtained by subtracting 
the population served by public and private water-distribution agencies in 
each subregion (table 8) from the total population in each subregion as 
estimated from the official 1970 Census of Population for California 
(U.S. Bureau of the Census, 1971). Per capita domestic water use was 
estimated to be 100 gallons per day, about half of which was consumed. It is 
also estimated that about 95 p rcent of the water for domP.stic use was 
obtained from wells. 

TABLE 9.--Water use in 19?0--self-supply. rural 

l>ubregion Popu- Doaestic water Livestock water Total water 
de-nd demand demand 

Identi-' 

lation Thou- Thou- Thou-self- sands M1111ona sands M1ll1ona sands Millions 

fying I Name supplied of of of of of of 

letter (thou- acre- gallons acre- gallons acre- gallons 
sands feet per day feet per day feet per day 

A Northwestern Sonoma County 1.0 0.1 0.1 0.6 0.5 0.7 0.6 

8 Lower Russian River basin 64.0 7.2 6.4 1.2 1.1 8.4 7.5 

c Napa Valley 20.0 2.2 2.0 .4 .4 2.6 2.4 

D Solano and eastern Napa 21.0 2.3 2.1 1.1 1.0 3.4 3.1 
Counties 

E Southwestern Sonoma and 3.3 .4 .3 1.2 l.l 1.6 1.4 
western Marin Counties 

F Novato-Petaluma-Sonoma area 25.0 2.8 2.5 .8 .7 3.6 3.2 

G Southeastern Marin County 1.7 .2 .2 .5 .4 . 7 .6 

H San Francisco County 0 0 0 0 0 0 0 

I Western Contra Costa and 13.9 1.6 1.4 .5 .4 2.1 1.8 
northwestern Alameda 
Counties 

J Eastern Contra Costa County 6.3 • 7 .6 .9 .8 1.6 1.4 

K Western San Mateo County 2.0 .2 .2 . 2 . 2 .4 .4 

L Eastern San Mateo County 6.2 .7 .6 • 1 . 1 .8 • 7 

H Alameda Creek basin 26.4 3.0 2.7 .8 .7 3.8 3.4 

N North Santa Clara Valley 57.7 6.5 5.8 1.0 .9 7.5 6.7 

0 Southern Santa Clara County 9.0 1.0 .9 .4 .4 1.4 1.3 

Total 257.5 28.9 25.8 9.7 8.7 38.6 34.5 

NOTE.--Consumption of domestic and livestock water is estimated to equal 50 percent of the 
water demand. 
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The water use by livestock wa~ computed by applying the following 
est i mates of unit use to figures obtained from the 1970 livestock census 
fo r Ca lifor nia (Californ ia Department of Agriculture, 1970). 

Type of l ives tock 
Milk cows------- -------------------
Beef Cows-------------------------
Horses and mules-------------------
Hogs---------------------- --------
Sheep---------------------------- -
Chickens---------------------------
Turkeys----------------------------

Unit lJater use , in gallons 
pe~ anima l per day 

25 
15 
15 

3 
2 

.04 

.06 

I c i s estima ted that about 40 percen t of the water for livestock use was 
obta ined from wells. It is further estimated that 3bout half of all water 
supplied to livestock was consumed. 

Irrigation 

Table 10 shows, by subregion, the irrigated acreage in 1970, the 
quantity of water withdralvn for us e , the conveyance loss between points of 
~ithdrawal and farm headgates, the water applied to crops, and the irrigation 
water consumed by crops. Acreage figures were obtained from the files of 
the California Department of Water Resources, and to those were applied the 
following average unit values, as obtained in a joint preliminary study by 
the California Department of Water Resources and the U.S. Bureau of 
Reclamation. 

I.Jater withdrawn (acre- feet per acre) 

Conveyance loss (acre-feet per acre) 

Water applied (acre-feet per acre) 

Irrigation water consumed (acre-feet per acre) 

Subregions 
D and J 

3.00 

.55 

2.45 

1. 65 

All other 
subregions 

2.75 

.55 

2.20 

1.50 

The quantities of water withdrawn given in table 10 include both self
supplied and agency-supplied water. It is estimated that about 50 percent of 
the water supply for irrigation was of surface-water origin. That relatively 
1 : ge percentage reflects the predominant use of surface water for irrigation 
111 the agricultural subregions, D and J. Of the water lost in conveyance 
channels , half was estimated to have been consumed by evapotranspiration and 
the other half to have percolated to the underlying ground-l.rater body. 
Irrigation efficiency was estimated at about 68 percent , meaning that about 
two-th i rds of the applied water was consumed by crops and the remaining 
one-third percolated to the underlying ground-water body. 
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TABLE 10 .--Wate r• t< IJ i11 /9 '10 -- ~ l ': · igu t ioll 

I rrigatcd 
~--~~--------------------------- acre age 
ld e n t i -~ (thou-

Subregion I I 
Wat P r . Wa t~r 

Wal~r Conv eyance 1. J I d a pp 1 c cons ume 
withdrawn loss ·-· j b· ·· ... to cru~ s •v c ro~s 

fying Name sands) Thousands of acre-feet 
letter 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

H 

N 

0 

Total 

Northwestern Sonoma County 

Lower Russian River basin 

Napa Valley 

Solano and eastern Napa Counties 

Southwestern Sonoma and 
western Marin Counties 

Novato-Pe taluma- Sonoma area 

Southeastern Marin County 

San Francisco County 

Western Contra Costa and 
northwestern Alameda Counties 

Eastern Contra Costa County 

Western San Hateo County 

Eastern San Mateo County 

Alameda Creek basin 

North Santa Clara Valley 

Southern Santa Clara County 

1Negligible. 

(I) 

25.0 

6.4 

I 37 .6 

.8 

3.6 

. 5 

(I) 

7.9 

45.9 

5.5 

. 2 

16 .3 

'40.0 

30.0 

319.7 

(I) 

69 

18 

413 

2 

10 

I 

(I) 

21 

138 

15 

45 

110 

82 

925 

(I) 

14 

4 

76 

(I) 

2 

(I) 

(I) 

4 

l5 

3 

(I) 

9 

22 

16 

175 

( I) 

55 

14 

337 

2 

8 

I 

( I) 

17 

113 

12 

36 

88 

66 

750 

NOTE.--Half the conveyance loss i s es limated to have been consumed by evaporation. 

Self-Supplied Industrial Water 

( I) 

38 

10 

227 

'> 

I 

(I) 

12 

76 

8 

( l ) 

24 

60 

45 

507 

Table 11 shows, by subregion, the self-supplied fresh water used in 
1970 for industrial purposes other than the generation of com.'llercial electric 
power or mining. In arriving at the figures given in the table, a 
determination was first made of the self-supplied fresh water withdrawn in 
each county for industrial use. That determination was based on figures of 
per capita withdrawal of such water in each of the nine counties in the San 
Francisco Bay region, as given in a report by the California Department of 
Water Resources (1968, table 8). The per capita withdrawal figures were 
multiplied by the appropriate county populations for 1970 to give withdrawal 
totals for each county. Personal judgment was then used in subdividing the 
county totals to arrive at the subregion figures shotvn in table 11. It is 
estimated that about 90 percent of the fresh water withdrawn (water demand) 
to/as ground water, and that about 15 percent of all water toJithdrawn was 
consumed. 
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:.: o?n t1fv in ~ 1 

1e tte r l 

:>Ub r cgion 

Name 

~or thwes t e rn Sonoma County 

L~~er Ru ss ian River basin 

S0 lano ~ n d eaf tern Napa Coun t ie ~ 

Southwes t e rn Sonoma and 
~es t e r n ~a rin Counti es 

: . ._''.' .1 t n -i • .... · :. l l u :--:l .. l - 'un um:l ~tr t..· . , 

Southeas t e rn Marin County 

San Franci sco County 

Western Contra Costa and 
northwe s tern Alameda Counties 

Eas tern Contra Costa County 

~es tern San Ma teo County 

Eastern San Mateo County 

Alameda Creek basin 

Ko rth Santa Clara Valley 

Southern mta Clara Count y -----------------
IS 

Thousand s of 
acr ~ -feet 

0 

4. S 

.I 

.I 

0 

!.. 

. 2 

.8 

40 . 0 

50.0 

0 

1.2 

12. 7 

20.0 
, 

1 33. 0 

Watl!r i emand 

Nllllons of 
ga llons per day 

0 

4.0 

.I 

.I 

0 

2.tl 

. 2 

. 7 

36.0 

4S.O 

0 

1.1 

11.0 

17.8 

• 2 

119.0 

~OTE.--It is estimated that about )'!pe r cen t of the water withdrmm (water demand) was 
~ o nsumed . 

A large quantity of brackish watt-r--water containing dissolved soU.ds in 
excess of 1,000 parts per million--is also withdrawn by industry. Using per 
capita figures of brackish water withdrawal, from the above-cited report by 
the California Department of Water Resources, the total withdrawal of brackish 
water in the region in 1970 was found to be about 200,000 ac r e-feet 
(180 million gallons per day). About three-fourths of the brackish water was 
withdrawn in Contra Costa County, and almost all the remainder was withdrawn 
in Alameda, Santa Clara, and San Francisco Counties. Relatively little 
brackish ground water is used, it being estimated that about 90 percent of 
the brackish water withdrawn was saline surface water. Probably no more 
than 5 percent of the brackish water was consumed. The proximity of the ocean 
and San Francisco Bay . and their long shorelines, assures an almost unlimited 
supply of saline water for industrial purposes including the cooling water 
requi red for thermoelectric power gene ration. 
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Thermoelectric Power Generation 

Table 12 shows, by subregion, the quantity of water used in the 
generation of commercia l electr i c power in 1970. Wit h the exception of a 
geothermal steam plan L at The Geysers in Sonoma County, all power generation 
in the region is fossil fueled; no thermonuclear or hydroelectric power is 
generated. The great bulk of the water withdrawn is for condenser cooling, 
and except where cooling towers are used, only a small percentage of the 
cooling water is consumed by eva poration--the grea t bulk of the cooling water 
returns to the water body from which it was originally withdrawn. The fresh 
water consumed in bo 'ler makeup and other uses is very small, and is usually 
estimated to equal one-tenth of 1 percent of the condenser water consumed. 

l de nti-·1 
f y ng 

letter 

A 

8 

c 
0 

E 

F 

G 

H 

J 

K 

L 

M 

N 

0 

Total 

TABLE 12.--WateP use ~ n 1970--thermoelectric poweP generation 

Subregion 

Name 

Northwestern Sonoma County 

Lower Russian River basin 

Napa Valley 

Solano and eastern Napa Counties 

Southwestern Sonoma and 
western Marin Counties 

Novato-Petaluma-Sonoma area 

Southeastern Marin County 

San Francisco County 

Western Contra Costa and 
northwestern Alameda Countie s 

Eastern Contra Costa County 

Western San Mateo County 

Eastern San Mateo County 

Alameda Creek basin 

North Santa Clara Valley 

Southern Santa Clara County 

Condenser Condenser I 
requirement water consumed 

Thousands of acre-feet 

I Saline I Fresh 
water water I Fresh Saline 

water water 

0 0 0 0 

Geothermal steam plant at The Geysers 
uses a negligible amount of cooling water 

0 

0 

0 

0 

0 

0 

1 

1,100 

0 

0 

0 

0 

0 

1,101 

0 

0 

0 

0 

0 

815 

65 

1,1/0 

0 

0 

0 

0 

0 

2,050 

0 

0 

0 

0 

0 

0 

1.0 

2.6 

0 

0 

0 

0 

0 

J.6 

0 

0 

0 

0 

0 

).4 

• 4 

4.5 

0 

0 

0 

0 

0 

8 . ) 

NOTE.--Fresh water consumed in boiler "make-up" nnd other uses is e timated to total about 
12 acre-feet, or one-tenth of I percent of the condenser water consumed. 
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All fossil-fueled powerplants in the region are in the Sacramento-San 
, oaquin Delta or along San Francisco Bay. These plants generated a tot al of 
:1bout 11. ') bill ion kilm.,ratt-hours of electricity in 1970. In the context of 
thi s ~tudy, only tl1c fresh-water r equir ement and consumption is of 
impo r tance because of the unlimited quantity of sa line water for condenser 
cooling that is available in the ocean and in San Franci sco Bay. It is 
predicted that all thermoelectric powerplants built in the foreseeable 
future will be located near a source of saline water, and the precise site 
location will bd governed largely by environmental considerations. 

Summary of Water Use in 1970 

Tables 13 and 1:. summarize, by subregion and type of use, the 
quantities of fresh water withdrawn and the fresh water consumed in the 
region in 1970. The tables do not include an estimated annual quantity of 
30,000 acre-feet (27 million gallons per day) of fresh water to meet 
requirements for mining, recreation, and fish and wildlife enhancement. 
Only a small percentage of that water is consumed and its use does not 
seriously conflict with other water demands. Also omitted from the tables 
is the 1.1 million acre-feet per year of fresh water withdrawn in the region 
for thermoelectric power generation. Virtually all that water is withdrawn 
from the delta for condenser cooling in subregion J and is returned to the 
withdrawal sites little changed in quantity or quality, except for its 
raised temperature. Because no shortage of cooling water from the delta 
is anticipated, the 1.1 million acre-feet withdra\~ was also omitted from 
the tabulation of firm surface-water supply, but mention of it was made in 
footnote 6 of table 4. 

As for brackish water, almost all of which is withdrawn from San 
Francisco Bay and the lower Sacrament -San Joaquin Delta, 2 million acre-feet 
(1,800 million gallons per day) was used in the commercial generation of 
electric power, and an additional 200,000 acre-feet (180 million gallons 
per day) was used by other industries. Very little of the brackish water 
is consumed. 



TABLE 13.--Swmlazo!l of fresh-wur demand in 1970 

Subregion Public supply Self-supply, rural Irrigation 
Self -supply, 

To tal industria l 

!dent!- Thousand s Millions Thousand s Millions Thousands Millions Thousand s Millions Thousa nds :-Ill lions 
fylng Name of of gallons of of gallons of of gallons of of gallons of o f ~-l1l ons 

letter ac r e- fe e t per day acre-fee t per day acre-feet per day acre - feet per day acre-f eet p.: r d y 

A No rt hwes t e rn Sonoma County 0 0 0 .7 0.6 ( 1) ( I ) 0 0 0 . ; 0 .6 :c 
> 

B Lowe r Russian Riv e r basi n 1) .6 12 0 1 8 . 4 7. 5 69 61. 6 4. 5 4 . 0 95 .) )o2 ~ 
trl 

c Napa Va lley 14 o0 l 2o 5 2o6 2 o4 18 16 0 1 .1 . 1 )4 . i J 1 . I "' D So l ano and eas t e rn Napa Counti es 27.0 24 . 1 3 . 4 3. 1 413 369o0 .1 . 1 44 3.5 )'16 . 3 0 
trl 

E Sou t hwes t e rn Sonoma and o4 .3 1. 6 1.4 2 1.8 0 0 4. 0 ). 5 

~ wes t ern Marin Counti es 

:;ova t o-Pe t a 1 uma-Sonoma a rea 11 0 2 lO oO ) of, ) . 2 10 llo9 ). 2 2o8 28 .0 , , 0 .-. 

" Sout heas t e rn Ma rin Count y )2.5 29o 0 . 7 ob 1 o'J 0 2 )4 . • •• \'1 . 7 
.... 
z 

tl San f r anc isco Count y 1l 0o 5 98 .7 0 0 ( I) ( '> o8 0 7 11 1. J 'l . t. .... 
West ern Contra Cost a and 248.6 22 2 .0 2.1 1.8 21 18 . 8 40 . 0 )6.0 311 ' 7 !1rlob 

\C) 
....... 

northweste rn Alameda Counties 0 

J Easte r n Contra Cos ta Count y l 4o2 l2 o7 1.6 1.4 138 123o0 50.0 45 . 0 203 08 182 ol 

K Wes tern San Ma teo Count y 1. 4 1.3 . 4 o4 15 13 . 4 0 0 16. 8 15. 1 

1. F.11s tc rn Sa n Ma t eo Count y 91.6 81.8 o8 . 7 . 9 1.2 1.1 94 o6 84 . 5 

:1 Alameda Cr ee k bas in 50 .4 45o0 3o8 3 . 4 45 40. 2 12 . 7 11 . 0 111 .9 99.6 

N ~or th Sant a Clara Valley 207.2 185 . 0 7.5 6.7 110 98o2 20 o0 17.8 344 .7 )07 0 7 

0 Southe rn Sant a Clara Coun t y 3 o9 3.5 1.4 1.3 82 730 2 0 2 • 2 87 05 78 .2 

To t a l 826 . 5 738 . 0 38 . 6 34.5 925 826.0 133.0 119 o0 1, 923 . 1 1 . 717 ' 5 

1Negl i gible o 



TABLE 14.--Swmrary oj' fresh uater corzswned ir. 1970 

Subr.,gion Publi c supply Self-supply, rural 1rrlgation l 

ld i!nt i- Thousand s Millions Thousands Millions Thousands Millions 
f ; i.ng Name of of gallons of of gallons of of gallons 

lett er ac re-feet per day acre-feet per day acre-feet per day 

A ~orthwt.!s t cr Sonoma County 0 0 0 . 4 0.) (2) (Z ) 

II Lowe r Russian River basin 5.4 4.9 4.2 ).8 45 40.2 

c :\apa Valley 5.6 5.0 1. ) 1.2 12 10. 7 

D So lano and eastern Napa Countie s JO. 8 S.6 1.7 1.5 265 236.6 

E Sou thwestern Sonoma and • 2 . 1 .8 . 7 .9 
weste rn Marin Counties 

r ~ova to-Petaluma-Sonoma area 4. 5 4.0 1.8 1.6 6 5.4 

c Southeastern !-Ia rin County I). 0 11. 6 . ) . ) . 9 

I! Siln Fr .1nc I sco County 44 . 2 )9.5 0 0 (' ) (J 

\./este rn Contr3 Costa and 99.4 88.8 1.0 . 9 14 12.5 
northwestern Alameda Counti es 

J Easte rn Contra Cos ta County 5.7 5 . 1 .8 . 7 88 78.6 

1\ l.Jcs tern San H .1 tCO County . 6 . 5 . 2 . 2 10 8.9 

I. Eo s tern San Hat eo County ) 6 . 6 )2.7 .4 . ) <'-> { 2 ) 

N Alamed3 Creek basin 20.2 18.0 1.9 1.7 28 25.0 

" No rth Santa Clara Valley 82.9 74.0 ).8 ) . ) 7l 63.4 

0 Southern Santa Clara County 1.6 1.4 • 7 . 7 53 47 .) 

To tal ))Q. 7 295.2 19.) 17.2 594 530.4 

1lncl udes 50 percent 
2Negllglble. 

of conveyance loss in add it ion to irrigation water consumed by crops. 

~elf-supply, 
industrial 

Thousa nds Hill ions 
o f of gallons 

acr~-feet p~ r day 

0 0 

. 7 . b 

(:) { 2 ) 

( ;: ) ( 2 ) 

0 0 

. 5 .4 

I ~ ) ( 2 ) 

. I . 1 

,,_ 0 5.4 

7. 5 6.8 

ll 0 

. 2 . 2 

J. 0 • • b 

.0 2.7 

(· ) { ) 

1 .9 17.8 

Tota l 

Thousand s :-II 11: on s 
of of b" l ions 

acre-feet per J.ly 

0.4 I) . ) 

55.) ~ '1. ) 

18. 9 

277.5 24 . ; 

2.0 I . ; 

12.8 I i . ~ 

14.) 12 . 1! 

44, ) )'1.6 

120.4 107 .t> 

102.0 ~ !.~ 

10 . 8 -1 .6 

)] . 2 !I.: 

52.0 ~ h.) 

160.7 14 3. ~ 

55.3 !. q, .. 

963.9 8"') . 1, 

w 
0 

cr. 
> z 
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SUPPLEMENTAL \~ATER SUPPLY FOR TilE FUTURE 

It will be shown in a later section of this r !:! port that the firm water 
supply of the San Francisco Bay region, including imported water, is generally 
adequate to meet present needs. However, supplemental supply will be required 
to meet increased demand in the future. The quantitative prediction of future 
demand is highly speculative and even the basic assumptions for such 
prediction are subject to much controversy. Traditionally it has been assumed 
that the growth of population and the attendant production of goods follows 
the trend established in the past--particularly the immediate past--and an 
increased or __ supplemental water supply must be planned to meet the needs of 
the predicted future development. Recently another school of thought has 
attained popularity; namely, that the population \~ill always expand to the 
limit set by the available water-supply facilities, and that by limiting the 
development of the water supply, the growth of a region can be controlled at 
some desirable level. Some have set that level at "zero population growth," 
where the birth and death rates are equivalent. However, _ even if the goal of 
zero population growth were immediately adopted, it would require years for 
stability of the population to be attained--the estimate of the Bureau of the 
Census in 1970 was 65 years for the United States--and during the transition 
period the population, and therefore the water demand, would increase. 

Supplemental Supply from Surface-\.Jater Sources 

The prediction of future population and water demand is outside the scope 
of this report and we leave such prediction to the demographers and regional 
planners. This section of the report will merely be a quantitative 
discussion of supplemental supply for the future from surface-water sources. 
Those sources will be divided into three categories: projects under 
construction (as of 1972), projects authorized, and projects whose 
feasibility has been established by study at the reconnaissance level, but 
which are as yet unauthorized. Only those projects now under construction 
are a certainty. The authorized projects are not nece sarily funded ftS yet, 
and those that are federally funded require detailed engineering study before 
construction can begin. In the detailed study, projected water dema.ids and 
environmental impacts are reexamined, and the reexamination may show that the 
authorized project is actually not economically feasible or is so detrimental 
to the environment that it should not be built. The third category--
projects studied but as yet unauthorized--does not include all projects 
studied and found feasible, but only those that, in the opinion of the 
author, have a "reasonable" probability of being built. 
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The surface-water projects for supplemental supply that are discussed 
it the paragraphs that follow are shown in figure 3. Table 15 gives the 
fi rm y i e ld of those projects. The distribution of supplemental water between 
loca l us e and export, as shown in table 15 for those projects whose sourc e of 
~a t e r is within the San Francisco Bay region, is tentative at best, and was 
nade to round out the table. If no figures for local use and export are given 
opposite the project name in the table, it means the project lies outside 
the boundaries of the indicated subregion and is a source of imported water 
for that subregion. For reasons explained on page 14, Lake Mendocino 
releases are considered to be part of the local supply of subregion B, and 
water transported in the Contra Costa Canal is considered to be part of the 
l oca' supply of subregion J. By similar reasoning, water transported in the 
."orth Bay Aqueduct is considered to be part of the local supply of 
-uhr cg ion D. 

Projects Under Construction (1972) 

1. Lake Sonoma, a reservoir on Dry Creek (Russian River tributary) that is 
now under construction in subregion B, will have a firm yield of 
115,000 acre-feet per year, part of which will be available for export 
to subregions F and G. The quantities of water for export will depend 
on the water demand in those subregions. Actually the increased 
allocation to the San Francisco Bay region will be 103,000 acre-feet 
per year, because Mendocino County, upstream from subregion B, will be 
1llocated an additional 12,000 acre-feet per year of Russian River 
\-later. 

Projects Authorized 

1 . Enlargement of Lake Mendocino, an existing reservoir on East Fork Russian 
River, 25 miles north of the northern boundary of Sonoma County, has 
been authorized. By increasing the height of the impounding dam, an 
additional 74,000 acre-feet per year of firm yield would be provided. 
Actually, the increased allocation to the San Francisco Bay region 
would be 72,000 acre-feet per year, because Mendocino County, 
upstream from subregion B, would be allocated an additional 
2,000 acre-feet per year of Russian River water. 

2. Knights Valley Reservoir on Franz and Maacama Creeks (Russian River 
tributaries) in subregion B, •.ould have a firm yield of 45,000 acre
feet per year, part of which would be available for export to 
subregions C, F, and G. The quantitiP.s of water for export would 
depend on the water demand in those subregions. Actually, the 
increased allocation to the San Francisco Bay region would be 
43,000 acre-feet per year, because Mendocino County, upstream from 
subregion B, would be allocat ed an additional 2,000 acre-feet per 
year of Russian River water. 
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Firm SLpplem•nt .ll yiel d, 

Sub-
in thousands oi a.:re-feet firm s upplemental import, 

region 
Pr o j .. ~ ct oe r vea r in thousands of acre-feet 

A None 

ll La ke Sonom., I 
Enlarged l.ake Mendoci no 
Knights Va lley Rese r voi r 2 

C Knight s Va ll ey Rese r voir 2 and 
Kni ghts Vall ey A~u·duct 1 

'l.,rth flay Aqu du c t 

D North Bay Aquedu c t 2 

E None 

f Lake Sonoma! 
Enlarged Lake Mendocino 2 
Knights Valley Reservoi r 2 

G Lake Sonoma! and Sonoma-~a rin 
Conduit 3 

H Enlarged Hetch Hetch y Aqueduct 2 

Contra Costa Canal (new pumps) 2 
Kellogg Reservoir3 
American Aqueduct 2 

J Contra Costa Canal (new pumps)2 
Kellogg Reservoir3 

K None 

L Enlarged Hetch Hetch y Aqueduct 2 

M Enlarged Hetch Hetchy Aqueduct2 

N Enlarged Hetch Hetchy Aqueduct 2 
Pacheco Tunnel and SJ , ta Clara 

Canal 2 

0 Pacheco Tunnel and Santa Clara 
Canal 2 

Total 

!Project under construction (1972). 
2Project authorized. 
3Project studied but as yet unauthorized. 

Total I For ~~ For 
local use exoort 

103 34 69 
72 38 34 
4] 10 )) 

~ 67 ~ 54 " I 3 

20 10 10 
290 145 145 

595 291 304 

per year 

25 (from subregion 8) 

~ 1) (from sub region D) 

25 (from subregion B) 
34 (from subregion B) 

8 (from subregion B) 

44 ( (rom subregion B) 

5 21 

10 (from subregion J) 

145 
5 150 

(from subregion J) 

5 57 

5 : L 

5 22 
5 167 

5 43 

6 776 

~The actual allocation of the 67,000 acre-feet per year is 42,000 acre-feet per year for 
local use in subregion D and 25,000 acre-feet per year for export to subregion C. However, 
subregion C now has a firm import of 12,500 acre-feet per year of Putah Creek water from 
subregion D. When the North Bay Aqueduct is built the Putah Creek diversion will cease and that 
12,500 acre-feet of exported Putah Creek water will revert to subregion D. Hence, the change 
produced by construction of the North Bay Aqueduct will be a net increase of 12,500 acre-feet of 
water imported by subregion C ( 25,000 acre-feet minus 12,500 acre-feet); subregion D will have 
its local suppl y increased by the 12,)00 acre-feet of Putah Creek water which it will no longer 
export, olus the 42,000 acre-f ee t it will obtain from the ~orth Bay Aqueduct. 

5Water i s import ed from a source outside the San Francisco Bay region. 
60f this total, 304,000 ac re- feet per year is import~J from projects within the 

San Francisco Bay region and 472,000 acre-feet per year is imported from projects outside 
the region boundaries. 
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3. The short section of the North -Bav Aqueduct tnat is operative (1970) 
r ec eiv~s water from Lake Berryessa (Putah Creek) via Putah South Canal 
i 11 subr eg ion D, a nd transports the water t o sub r cg ion C. Follm"i ng 

:1c .:JU t ho ri zed c ompl e tion of the No rth Bi'l · AC']ued u ·t--prob.•bly in 1980-
th~ d iv e rsion of Putah Creek water to subr egion C would cease, a nd the 
aqueduct would instead carry Sacramento Ri ve r wa t ~ r d ive rted in 
s ubr eg ion D. The firm yield of the North Bay Aqueduct would be 
67,000 acre-feet per year, 42,000 acre-feet of which would be allocated 
t o subregion D, and the rema1n1ng 25,000 acre-feet would be allocated 
fo r export to subregion C . 

. \:~ .1 'd itiona l pipeline along the present route of th e ll e tch Hetchv 
Aoued uc t between the Oakdale and Tesla Portals--a distanc e o f 
~7 . 5 mil es--has bee~ authorized. The additional pipeline would 
;-- , r ·• :J:-;(' t he ca pac ity of th e t"a t e r sys t em oy 112,00() :Je r e -f ee t pe r yea r. 

J . .. h' ~umps have been authorized for the Contra Costa Canal in subregion J. 
Thes e pumps '"ould give the canal a firm yield of 150,000 acre-feet per 
yea r, an increase of 20,000 acre-feet per year over its present (1972) 
firm yield. Of the 20,000 acre-feet per year, approximately half would 
be allocated to subregion J and the remaining half would be allocated 
fo r export to subregion I. 

6. Th e diversion of 150,000 acre-feet of water from the American River 
(a Sierra Nevada stream) by the East Bay Municipal Utility District 
i!:: s bee n authorized, its purpose being to meet future demands for water 
f0r municipal and industrial use in subregion I. The water would be 
d iverted from the Folsom South Canal (under construction) and conveyed 
t o subregion I i~new American Aqueduct. Folsom South Canal is 
shot"n along the upper right-hand edge of figure 3; the American Aqueduct 
i s not shown in figure 3 because the route to be followed by the 
aq ueduct has not yet been determined. 

7 . The authorized Pacheco Tunnel and Santa Clara Canal would convey 
Central Valley water diverted from existing San Luis Reservoir, which 
is outside the San Francisco Bay region (east of sou th as tern 
Santa Clara County). Firm yield would be 210,000 acre- fe et per year, 
of which 167,000 acre-feet would be allocated to subreg ion N and 
43,000 acre-feet to subregion 0. 

Projects Studied But As Yet Unauthorized 

l . Knights Valley Aqueduct would convey water diverted from authorized 
Knights Valley Reservoir in subregion B to existing Lake Hennessey in 
subregion C. The firm yield of the export to Napa Valley (subregion C) 
is tentatively set at 25,000 acre-feet per year. 

J onoma -Narin Conduit to~ould convey water diverted from the Russian River 
in subregion 8 to subregion G. The firm y ield of th e export to eastern 

>! .:1 r i n County (subregion G) would be 44,000 acr e-f ee t pe r yea r . 
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3. Kellogg Res e rvoir in subregion J would give the Contra Costa Canal a firm 
yi e l d o f 44 0 ,000 acre-f ee t per yea r, an i ncrease of 290,000 acre-feet 
over the firm yield of the canal wit~ the authorized new pumps 
installed. Of the 290,000 acre-feet per year, approximately half would 
be allocated to subregion J and the remaining half would be allocated 
for export to subregion I. 

Supplemental Supply From Less Conventional Sources 

The pr eceding section of this paper discussed supplemental supply from 
surface-water sources. Alternative methods of meeting increased water demand 
in the future include the development of water from two less conventional 
sources--desalination of brackish or salt water, and artificially increased 
precipitation through weather modification (cloud seeding). Desalination is 
still in the developmental stage; weather modification is still in the 
experimental stage. For that reason no attempt will be made to predict the 
quantities of additional water that those techniques may make possible. 
Each of the methods is briefly discussed below. 
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Desalination of brackish or salt water.--Desa lination is in limited use 
in California, but not as yet in the San Francisco Bay region. Additional 
prototype desalting plants are needed to prov ide additional factual 
information on operational characteristics and on capital and operating costs. 

Weather modification.--Weather modification, as a means of increasing 
precipita t ion, has been studied for about 20 years. In the modification 
process a nucleating agent, usually silver iodide, is introduced into ~ouds 
to induce or increase precipitation. The full effectiveness of the process 
is still uncertain, but because the cost of cloud seeding is small relative 
to the possible benefits, it is practiced in ma ny areas in California. In 
the San Francisco Bay region the only agency with a weather-modification 
program is the Santa Clara County Flood Control and Water District. 

Supplemental Supplv Through Conservation Measures 

Another alternative method of meeting increased water demand in the 
future is by the use of such conservation measures as reclama t i on of 
wastewater, suppression of reservoir evaporation, conjunctive use of surface 
and ground water, reduction of per capita use of municipal and industrial 
water, improved practices in irrigation, and watershed management. Because 
those measures, other than wastewater reclamation, are not fully developed 
as yet, they can be discussed only in general terms; our knowledge is 
insufficient for quantitative estimates of the water they might conserve. 
Several studies of wastewater reclamation at specific sites in the region are 
in progress or are planned, but no quantitative data are yet available from 
those studies concerning the additional water supply that may be produced. 
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Rec~t£on of wastewater.--Wastewater reclamation is practiced on a 
limited scale in the-region at present (table 6). However, that practice 
is certain to increase significantly in the future, if only in response to 
the more stringent controls that are being enforced on the quality of 
wastewater effluent that is dischar ged into streams and other water bodies. 
In 1970, at leas t 0.6 million acre-feet of wastewater was discharged from the 
region. That quantity is equivalent to the total import of water in the 
region in that s ame year (table 5). If the reclamation of a significant part 
of the wastewater is feasible, it will correspondingly reduce dependence on 
supplemental water from more conventional sources. 

Suppression of reservoir evaporation.--There has been considerable 
experimentation in suppressing reservo ir evaporation by spreading a 
monomolecular film on the lake surface. Several monolayer-forming materials 
have been tested. However, technical problems exist and work continues on 
improving the techniques for applying , maintaining, and evaluating the 
effectiveness of the evaporation-ret ~ rding film. A major problem is that 
of maintaining a film on the water surface in the presence of wind and 
waves, particularly on the larger reservoirs. The many reservoirs in the 
San Francisco Bay region, most of them small, have a combined surface area 
of about 40,000 acres; a conservative estimate of the annual evaporation 
would be 100,000 acre-feet. If an appreciable part of that evaporation loss 
could be eliminated, the quantity of water salvaged would be significant, 
particularly in some local areas. Artificial recharge for storage in 
ground-water reservoirs will also reduce evaporation loss. 

Conjunctive use of surface and ground water.--The use of subsurface 
storage conjunctively with surface storage to make optimum use of storage 
facilities is a conservation measure that is practiced widely in Santa Clara 
County and to a somewhat lesser degree in Alameda County. Conjunctive use of 
storage requires that surface reservoirs impound streamflow that is then 
transferred at an optimum rate to ground-water storage. Surface reservoirs 
can usually supply most annual water requirements, and ground-water 
reservoirs, generally being many times larger, can be used primarily for 
cyclic storage covering . ~ries of years of subnormal precipitation. There is 
still much to be learned concerning optimum techniques of applying water for 
storage underground. In some areas, too, there is a likelihood that 
artificial recharge of a ground-water basin will raise legal questions as to 
ownership of the water. 
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Reduction of per capita use of municipal and i ndustrial water.--
Per capita use of water has been increasing over the years, exaep~ possibly 
in some a r eas where the increase in population density has r esulted in a 
dee r as e in the outside use of domestic water . The r e a re two courses of 
action that may be taken to stabilize per capita water use at its present 
level or even to reduce it. One is by means of a consumer education program ; 
the other is by applying economic pressure. Economic measures include 
metering water that is now provided unmetered for a flat fee, and changing 
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the price structure of metered water. If, contrary to present pricing 
practice, the unit price for some basic volume of water w~ ~ l ow, but was 
progressively higher for additional volumes of water us d there would be a 
strong incentive to conserve water. t~e would probabl y see less domestic water 
wasted and more industr i al water recycled (reused). Because a large part of 
the domestic supply is us ed outside the house for irrigating landscape 
v ge tation, a saving of wa t e r can be effected by substituting landscape plants 
having a low water demand for those that require large quantities of water. 

Improved practices in irrigation.--Irrigated agriculture accounts for 
almost half the water demand and for about 60 percent of the water consumed 
in the San Francisco Bay region (tables 13 and 14). It would appear that even 
a small increase in the efficiency of irrigation practices might provide 
\vater in sufficient quantity to be an alternative to additional development or 
use of water from conventional sources. However, in the opinion of most 
agricultural experts, irrigation practices in the region are such that, in 
general, little additional water could be salvaged by a change in operational 
procedures. Although not strictly an irrigation practice, the replacing of 
crops that are heavy users of water with others having an equivalent benefit 
but a lighter wat e r use, would conserve water. 

Watershed management.--The aims of watershed management in the 
San Francisco Bay region, as they relate t0 water conservation, would include 
the conve rsion of foothill lands from areas of low water production to ones 
of higher water production. That would involve the substitution of 
shallower rooted grasses for the deeper rooted brush which consumes more 
water. Auxiliary benefits from s uch conversion would include reduction of 
the fire ha zard and the substitution of vegetation having an economic grazing 
potential for vegetation having no economic potential. Measures should also 
be taken to reduce erosion and sedimentation, thereby maintaining or improving 
water quality. 
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S'JMMARY OF THE HATER-SUPPLY SITUATION 

Comparison of Wa Le r SupDly and Demand--1 970 Conditions 

Table 16 provides a comparison of fresh-water supply and demand in the 
San Francisco Bay reg ion under 1970 conditions of development and water use. 
The dependence on imported wat e r is apparent. The firm supply is about 
2.2 million acre-f ~et per year, almost half of which is imported. The water 
dena nd in 1970 was about 1.9 million acre-feet, about half of which was 
consumed. It should be remembered that in most years the actual supply is 
gr ea ter than the firm supply, th e va lue of the l a tter being based on the 
.1\'3 il ab ility of t.rater durin g ~ ~ ser i ·s of d r y year s . 

TABLE 16.--Fres~ - :Ja t e. r SUP!' ly ..::>: -f " 

denti
fyi ng 

letter 

s 
c 
D 

F 

G 

H 

J 

K 

L 

~ 

0 

Total 

Subregion 

Name 

No rt hweste rn Sonoma Co unty 

Lowe r Ru s s ian Rive r basin 

~apa Valley 

Solano and eastern Napa Counti es 

Southwestern Sonoma and 
western Marin Counties 

Novato-Petaluma-Sonoma area 

s~uthea s tern Marin Count y 

San Francisco County 

Wes tern Cuu~ra Costa and 
northwestern Alameda Coun ti es 

Eastern Contra Costa Count y 

Western San Mateo County 

Eastern San Mateo County 

Alameda Creek basin 

North Santa Clara Valley 

Southern Santa Clara County 

I Negligible. 

3 

8ft 

33 

414 

5 

25 

34 

5 

2 7 

222 

12 

22 

91 

187 

77 

I, 24 3 

Water supply 

Import o t a l 

J Water 
demand 

: (quantity 
: withdrawn) I 

Thousands of acre-feet per year 

0 

0 

12 

0 

0 

9 

0 

130 

429 

0 

0 

123 

92 

173 

0 

968 

3 

86 

45 

414 

5 

34 

34 

I J) 

456 

222 

12 

145 

183 

360 

77 

2 . 2 11 

95 

35 

443 

4 

28 

34 

Ill 

312 

204 

17 

95 

112 

345 

87 

1,923 

Wat e r 
consumed 

( 1) 

55 

19 

278 

2 

13 

14 

44 

120 

102 

11 

37 

52 

161 

55 

963 
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This study shows that there is generally ample water . or municipal and 
industrial use throughout the region. A notable exception is the situation 
in subregion G i11 southeastern Marin County, where the firm supply for 
municip~l areas i s slightly less than the 1970 dema11d for municipal a nd 
industrial water. Although table 16 shows that the total demand in 1970 and 
the total firm supp l y in subregion G both equaled 34,000 acre-feet per year, 
the demand for munic j a l and industrial water in 1970 was 32,500 acre-feet, 
whereas the firm mun _cipal supply was 30,000 acre-feet per year. Again, it 
should be remembereo that the supply in most years will exceed the figure 
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for firm annual supply. The existing (1972) distribution system for importing 
Russian Rive r water is such that the cities of Novato and Petaluma in 
subregion F could be hard-pressed to meet water demands in the very near 
future, should those demands increase only moderately over present levels. 
The difficulty lies in the limited capacity of the section of the Petaluma 
Aqu ed uc t be tween Santa Rosa and Cotati; that section of aqueduct now operates 
at almost full capacity during periods of peak demand. 

In the four subr egions where the total 1970 demand exceeded the total 
firm supply--subregions B, D, K, and 0--the bulk of the total demand is for 
irrigation water, and some curtailment of irrigation activities would be 
necessary should a series of dry years occur before new sources of firm supply 
are developed. The deficiency in available irrigation supply may be somewhat 
exaggerated by the figures given in this report because some incidental 
reuse of excess applied irrigation water (return flow) usually occurs. Above 
all, it should be remembered that the only precise figures of water quantity 
in this report are those for the public water requirement in 1970; all other 
- igures represent the best estimates that can be made at this time. 

Outlook for the Future 

As mentioned earlier, it is beyond the scope of this report to project 
water requirements into the future. Predictions made by planners as recently 
as 1965, have been revised downward sharply in accordance with a more recent 
downward trend in the rate of population increase, and considerable 
uncertainty now exists concerning future water needs. We merely point out in 
this section of the report that physical conditions are favorable for 
increasing the water supply in the future. 
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-
Table 15 showed that surface-\~ater_ projects that are now under 

construction or authorized, or whose feasib i l ity has been favorably reported, 
have a combined firm suppl 1n0 nt a l yield of slightly more than 1 million acre
feet per year. Th;H t.ot:1 . . tlnount s to a bout 50 pe rcent of the firm yi e ld f rom 
al l sour ces in 1970. The data in table 15 can be summarized as follows: 

Suppl eme nt a l s uppl y 
f o r the fu tur e f r om 

su r f a c e -w .tl e t· p r l..ljc c t s 

\ . .'. l l ..... r~ J ... · vc 1 '-) ped i n 

pr l..l jec t s wit h in t he 
San Fr anci sco Ba~ 

Water dev e l oped outside 
the r egion for import 
to t he San Fran c isco 
Bay r eg i on 

Total 

firm yield, in thousands of acre-feet per year 

Total 
project 

y i e l d 

for us e in 
s ubr egion where 

pr ojec t i s located 

29 1 

291 

for import by 
sub r eg i ons within 
the San Francisco 

Bay region 

304 

472 

776 

1,067 

The dependence on imported water i s again apparent. At this point we might 
refer to the specific problem of potentially imminent shortages in municipal 
water supply in subregions F and G, as discussed on the preceding page. One 
way of eliminating that problem would be lo construct the proposed Sonoma
Marin Conduit, but some of t he alternative methods that are referred to in 
the following paragraph should also be considered. 

Alternative methods of meeting increased water demand in the future were 
discussed qualitatively on pages 35-37. Those methods include desalination, 
weather modification, and various conservation measures. Because the 
practices described are largely in the experimental or developmental stage, 
no quantitative data are available concerning the additional water supply that 
they may make possible. However, the water that may be developed from those 
practices will correspondingly reduce dependence on supplemental water from 
the more conventional sources. 
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