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Update on Physical Mod 

Physical li 
VIC: 
UnTRIM: 
RMA: 
ANN: 
CALSIM U: 
SRWQM: 
DSM : 
DSM2-PTM· 

imate-driven hydrologic model 
I eve I se effects 

dal marsh effects 
Flow-salinity responses 
Hydrology & system operations 

c Water Quality Model 
De hydrodynamics & water q lity 

cl tracking models 

lin 

6 scena as 11 1 RW1QM, DSM21 and DSM -PTM odels 
NAA: No Alternative with current imate and sea level 

2. NAA_ElT: No Action Alternative with 2025 climate and sea level rise 
3. NAA_llT: ative with 2060 imate and sea level rise 
4. PP: Proposed Project (long-term with current climate, sea levet and restoration 

with rly Long-Term climate, sea level rise, and restoration 
6. rm ( climate, sea level rise, and restoration 



a n I 

Martinez 

Water 

hanges in Fl 
Sacramento 

Relative change in flow (%) 

>50 
50 
40 
30 
20 

10 
-5 to S 
-10 

-20 
-30 
-40 
-50 

<-50 

Delta Cross Channel 

Stockton 

Vernalis 



s::::: 
0 

RECIRC2547 



..... 
GJ 
> ·-a: 
0 ...., 
s: 
GJ 
E 
ra 
1-
u 
ra 

"" s: ·-
VI -ra 
VI ..... 
GJ 
> 
GJ a: 
3 
0 

RECIRC2547 

0 

( Ui LUOI 



RECIRC2547 

U) 

.J: 
tlO 
:s 
0 -V) 
..... 
(IJ 
c: ·-
~ 

0 

2 

""C 
c: 
m ..., 
m 
0 
..c 
E 
m '" M 

(IJ ..., 
V) 

.... -..... U) 
(IJ ....., ..., 
:s 
V) 

c: ·-U) -ns 
U) ..... 
(IJ 

> 
(IJ 
0!: 

~ 
0 -u... 



.. 
nges1n orth Delta 

40 60 
n .. ~._Q.,, .. ..,, of Exceedance 



Wa r 

2 

1 

0 L-------~--------~----------~------~------~ 

All 
m 
n 
All 
n 
N 
Vl 
.~ 

"'--



20 80 
of Exc&edance 



Martinez 

Water 

Jon-Mar 
Apr-Jun 

a aiCha ges in EC 
Sacramento Relative change in EC (%) 

>50 
50 
40 
30 
20 
10 
-5 to 5 
-1.0 
-20 
-30 
-40 
-50 

<-50 

Delta Cross Channel 

Stockton 

Vernalis 



200 

E 
"' ...... 
"' 150 g 
u 
UJ 

100 

0 

OCT NOV Of( IAN Ff£\ MAR APR MAY I LIN JUt AUG SEP 

700 

600 

500 

if 400 
" ;;; 
g 
u 300 UJ 

200 

100 
, 
m 
Q 
:xll 
n 

0 Nl 
U1l 

OCT NOV DEC IAN FEB M~\R ;\PR M~W JliN JUt AUG ~EP 
.j:), 
"'-! 

NAt\ pp PP _ElT 



3,000 

2..500 

2,000 

E .., ._ 
V'l 1,.500 :I 

u 
UJ 

1,000 

500 

0 

OCT NOV DEC IAN FEB MA.R APR MAY .!UN JUl AllG SEP 

9,000 

1:1,000 

7,000 

6,000 

E .5,000 
"' ;;., 
~ 
u 4,000 
UJ 

3,000 

LOOO 

:::tl 
m 

1,000 n 
:::tl 
n 

0 
N 
V1 

OCT NOV flfC MN FEB MI\R APR MAY .fUN JUI t\UG SEP ~ 
........ 

Nl.t.A PP PP _ElT pp 



OCT NOV [}[( MAR APR fvlf\Y IUN !Ut AUG SfP 

800 

700 

600 

'>00 

E' 
"' ;;:, 

400 
~ 
u 
14.1 

~00 

100 

:::0 

100 m 
n 
:::0 n 

0 
N 
l.n 

OCT NOV [)[( J1\N HB MI\R 1\PR MAY !UN Jlll AUG SEP 
~ ..... 

NA;\ pp 



900 

800 

700 

600 

'E 500 .., 
" U'l 

~ 
u 400 
ILl 

.~00 

200 

100 

0 

OCT NOV OEC IAN FEB MAR APR MAY IUN JUt 1\UG SEP 

800 

700 

600 

500 

'E 
"" ;,;:;- 400 ::1 

u 
1.1.1 

~00 

200 

;lC 

100 m 
n 
All 
n 

0 N 
U1 

OCT NOV DEC FEg M'\R APR MAY JUN JUl AUG SEP ~ ..... 

Ni\A pp 



Key Findings Comparing Proposed roject t 
No Action at Early- and Long-Term 

• Channel Flows 
- Net flows reduced in north and central Delta due to north 

delta diversion 
- 0 Rand QWEST increased ue t red ced south elta 

exp rts 
- e ti n llows re periods with nidirectional flows 

or red ce occur reversals i the north Delta 

• Stage 
- Mean water levels reduced in the north Delta near 

proposed diversion and remain fairly unchanged rest of 
the Delta 

- Tidal range decrea e by portions the Delta-
mainly caused by t restorati n 



Ke Fin i gs Com a ring PP to A t 
ELT and LLT 

• Salinity 

- No ignificant change upstream of Rio ista n i 
southe elta 

-Slight in reases in Old a Middle River and 
central Del a e to hanges i contribution of the 
S cramen (less) nd San Joaquin 

-Salinity i re ses ii he west Delta due the 
increased id I excu ion and reduction in 
Sa to Rive ow 
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al i al range sensitivity st dies 
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Attachment C 

of Antioch's Testimony to the State Water Resources Control Board, 
March 2010 



SWRCB Delta Flow Informational Proceeding: March 0 
EXHIBIT: Written Summary: of Antioch 

Summary 

State Water Resources Control Board 
Delta Flow Criteria Informational Proceeding 

March 22, 2010 

Exhibit by City of Antioch 
Summary Historical Availability at 

RECIRC2547 

The historic (pre- I 918) Delta was significantly fresher than the current Delta. 
characterization of the Delta as "historically saline" is false and is not based on scientific 
evidence. Historical salinity and flow conditions must be considered when: (i) 
establishing Delta and to protect public trust values which adapted to 
these conditions, (volume, timing and quality) N>rnHlrPrl 

Bill 1, (iii) establishing drinking water quality standards 

1. Introduction 

The of Joaquin River in 
the Sacran1ento and San Joaquin River Delta (Delta), is one 

m J 860s. Antioch has obtained or part 
directly from the Joaquin River. 1 The because of its position in 
Delta, is also concerned with the health the Delta and 
as a 

Major anthropogenic modifications to the Delta that affect salinity nt,.''"''"""' began with 
the settlement the armmd 1850. Tidal marsh 

over 250,000 acres in 1870s to than 30,000 acres 
in the Delta 

the 1920s 

1 Much of the water in the western Delta (including the City's water supply) comes from the Sacramento 
River. Historically, significant amounts of Sacramento River water flowed into the San Joaquin River east 
of Antioch at Three Mile and Georgiana Sloughs. Sacramento River water also reaches Antioch where the 
river merges with the San Joaquin River just west of the City. Town of Antioch v. Williams Irrigation 
District et al. (1922) 188 CaL 451, 455 

Page 1 of5 
City of Antioch: Document #5 



RECIRC2547 

SWRCB Delta Flow Criteria Infom1ationa! Proceeding: March 2010 
EXHIBIT: Written Summary: of Antioch 

has since continued to decrease (CCWD 2010), producing significant changes in the 
Delta landscape (Att. at pg. 7). For example, dredging of the Delta river channels to 
create the Stockton and Sacramento Deep Water Ship Channels affected the salt transport 
and distribution in the Delta (CCWD 201 0). Construction of reservoirs for storage 
purposes started in the early 1900s and the largest reservoirs of the Central Valley Project 
(CVP, Lake Shasta) and the State Water Project (SWP, Lake Oroville) were completed in 
1945 and 1968, respectively (CCWD 201 0). Total upstream reservoir storage capacity 
increased from 1 million acre-feet (MAF) in 1920 to more than 30 MAF by 1979 
(CCWD 201 0). Water exports from the Delta have been steadily increasing since the 
1950s, and the combined annual exports from CVP and SWP have increased, on average, 
from about 0.5 MAF/yr in the late 1950s to about 5 MAF/yr during the recent period (Att. 
at pg. 8). 

Historical extent of freshwater 

Testimony from the lawsuit filed by 
literature reports demonstrates that 
western Delta in the late 1800s and 

Town of Antioch 
(low salinity 

1900s. 

1920 and from various 
prevailed in the 

In 1920, the Town of Antioch filed a lawsuit upstream irrigation districts "u"'"''H 
that the upstream diversions were increased salinity intrusion at Antioch (Town 
of Antioch [plaintiff] v. Williams District et aL [defendants] (1922, 188 CaL 
451)). The testimony the provides a of the 
conditions prevailing early 1900s. 

" ' ' j,J,i 

late 1800s, 

"''~"'"""""'"' from lawsuit u'"''"'"·''"'u 
supply was obtained directly from Joaquin River 
about 1866 to 1918, by private water companies the municipality 
1903 (when the acquired water rights) (Att. at pg. 12). Plaintiff's 
testimony included salinity measurements at Antioch (1913-1917) that indicated 
that prior to 1918, freshwater was even during dry years and in 
fall (Att. at pg. 12). 

Page 2 of5 
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SWRCB Delta Criteria Informational Proceeding: March 2010 
EXHIBIT: Written Summary: City of Antioch 

3. 1.2 Post-1918: Increased upstream diversions drastically increased salinity intrusion 

Testimony and measurements from the Delta (1918-1920) presented by the plaintiti in 
la'\vsuit indicated that after 1918, salinity abruptly increased during the 

irrigation (rice cultivation) season, but returned to a potable level after irrigation ceased 
(Att. at pg. 13). The effect of upstream diversions was also confirn1ed by records in 
plaintiffs testimony from California & Hawaiian Sugar Refining Corporation (C&H) 
(CCV/D 201 0). Plaintiff's testimony indicated that although Antioch is located along the 
San Joaquin the source of much of the water at Antioch was the Sacramento River, 
which flowed to Antioch Georgiana and Three Mile Sloughs (Att. at pg. 14-15); this 
was confirmed by the California Supreme Court (Att. atp. 15). 

Antioch lawsuit is consistent vvith 
with paleo 

..,"'""·"""'"'"'COreS (CCWD 2010). 

""""''"'rt" confirm that was in the western 
(including Antioch) and Suisun Bay during the late 1 800s and early 1900s. For 

( 1 1 ), the precursor to the Department Water Resources, 
that the City of Antioch obtained all or most of its freshwater supplies directly 

Joaquin River until 1917, and that salinity intrusion prevented domestic use of water 
in summer and fall 1917 (Att. at 9). DPW (1931) and 

(1935) indicated that prior to 1 of 
fresh for that City to directly 

(1980) and Cowell (1 

(1 
than 350 

by 1940, with fip(•.rp;j(:lf1t0 H'PCY>Ur<>1-,r»• 

due to upstream diversions; also projected deterioration 
water quality in 1960 later, but did not include the effects of reservoir 

control (Att. at pg. 1 

a 

Salinity data compiled by the Interagency Ecological Program (IEP) and Califomia Data 
Exchange Center (CDEC) were used to analyze the present availability of freshwater at 
Antioch. These quantitative measurements from the present were compared to the 

Page 3 of 5 
City of Antioch: Document 



Flow Criteria Informational Proceeding: March 0 
EXHIBIT: Written Summary: City of Antioch 

testimony from the Antioch lawsuit and to observation recorded by C&H to establish 
how salinity at Antioch and in the western Delta has increased over time compared to 
historical conditions. 

4.1 Freshwater availability continues to decline 

RECIRC2547 

Availability of freshwater at Antioch continues to decline. Antioch may take water at its 
intake when salinity is less than 250 mg/L chlorides (equivalent to about 1000 ~S/cm 
EC) 2. The number of days per year, expressed as a percentage, when daily average 
salinity at Antioch was below 1000 ~S/cm declined from about 70% in the late 1960s 
to about 40% during the recent period (Att. at pg. 19). 

Even in years with above normal runoff in the Sacramento River watershed, freshwater at 
Antioch is less available historically (Att. at pg. 20). during the above 
normal water 2000, water at the City of Antioch's intake was below 1000 ~S/cm 
for the day for about four-and-a-half months (early February through mid-June) 
and a portion of the day at low tide another three-and-a-half months (mid-June 
through September). For the remaining four months (October-January), water at the 
City's intakes exceeded 1,000 ~S/cm EC for the day, regardless tidal 

from Antioch lawsuit indicates that prior to 1918, water at the City of 
s was below 1 000 f.lS/cm for the entire day above-normal years 

all but dry months. 

conditions. 

Crockett near the western edge of Suisun 
in Crockett. freshwater was not available at used barges that 
traveled upstream on the Sacramento and San Joaquin Rivers to procure freshwater. The 
measurements of distance to freshwater Crockett, during barge 
operations, serve as a surrogate for the historical extent of freshwater the western 

2 The fi·eshwater salinity threshold of250 mg/L chlorides at the San Joaquin River at Antioch is based on 
the 1968 agreement between the City of Antioch and DWR. This threshold is approximately equivalent to 
1000 !!S/cm EC, based on the site-specific empirical relationships between chloride concentration and EC 
(K. Gulvetchi, DWR Memorandum dated June 24, 1986). 

4 of5 
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Delta. A comparison of C&H data during 1908-1917 and estimates3 of distance to 
freshwater from Crockett during the post-SWP construction period (1966-1975) indicates 
that salinity intrusion into the Delta occurs on average about 4 months earlier (in March 
instead of July) during the post-SWP construction period of 1966-1975 (Att at pg. 17). 
Comparison of C&I1 data from 1908-1917 to estimates of distance to freshwater from 
Crockett during the period 1995-2004 indicates that salinity intrusion during the recent 
period not only occurs earlier (by 4 months) but also extends farther in to the Delta (by 
about 5 to 20 miles) (Att. at pg. 18). 

5. Conclusions 

• Prior to ] 918, freshwater was almost always available at Antioch at least at low 
tide. Only during dry and during high tide conditions did salinity at Antioch 
become brackish. 

• Between 1918 and the late 1930s, drought conditions, upstream water diversions, 
and channelization increased the of water at Antioch. 

• By 1940 the drought receded, but salinity at Antioch remained elevated. 
• Salinity continued to increase in recent years at Antioch. 
• The fraction of time that water at Antioch is for use (when salinity is< 

250 chlorides or 1 000 declined significantly. 
• ''Historic" Delta was than current Delta. 

Request 

of Antioch requests Control Board review 
salinity into its when considering Delta 

,. ..... -.t ... ~t public trust resources in the Western Delta and the flow 
1 

historic data to establish 
health and 
establish 

Water District 2010. titled "Historical Freshwater and Salinity Conditions in the Western 
Joaquin Delta and Suisun 

Cowell, J \V 1963. History of Benicia Arsenal: Benicia, California: January 185! December !962. Berkele). Bowe!l-North Books. 
[DP\1/] of Public Works. l93t Variation and Comro/ q( Safimry in Delta and Upper San 

Bay. Bulletin No. 27. State Depamnern of Public Works. and Irrigation. 
Jen;>rtrrrenr of Water Resources. !960. Delta F aciluies. Bulletin i6. Stare 

Fxnee"1tior"· The Story of Benicia, California. Fresno, California. 241 pp, 
Means, T. !928. Salt Water Problem: San Bay and Delta of Sacramento and San Joaquin Rivers, San Francisco, California, 

April 1928. Report for the Association oflndustrial Water Users of Contra Costa and Solano Counties. 
Tolman. C. F. and J. F. Poland. Investigation qfthe Ground-Water Supp(v qfrhe Columbia Steel Company Pittsburg, 

California. Stanford University, California. May 30, 1935. 
Tov;n ofAmioch v. Williams Irrigation District (1922, 188 CaL 451). 

These estimates were made using IEP data in CCWD (20 l 0), which will be presented by the Contra Costa 
Water District during this informational proceeding. 

Page 5 of5 
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February 16,2010 

Division of Water Rights 
State Water Resources Control Board 
Attn: Phillip Crader 
P. 0. Box 2000 
Sacramento, CA 95812-2000 

Re: Delta Flow Criteria Informational Proceeding 

Dear Crader: 

The City of Antioch has been diverting Sacramento River water drinking water use 
from western Delta since 1860s, and as such, has infonnation and data directly 

RECIRC2547 

relevant to the SWRCB' s current proceedings to Delta flow criteria. The City, 
because of its position the western Delta, is also concerned with the ecological health 
of the and the long-tenn viability of the historic fishing 
recreational opportunities. 

Please attached the of exhibits and supporting describing 
conditions at Antioch. The believes that it is 

salinity and flow flow 

matter. 

Phil Harrington 
Director Capital Improvements and Water Rights 
City of Antioch 

City of Antioch: Document #1 

to contact me 

Page 1 of2 
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Attachments: 
• City of Antioch's Witness List 
• City of Antioch's Exhibit Identification List 
• City of Antioch's Response to Key Questions 
• City of Antioch's Written Summary 
• City of Antioch's supporting document- a powerpoint presentation on historical 

salinity conditions 
• City of A.ntioch's supporting document- A report by Thomas Means (1928): 

Water Problem" 
• City of Antioch's supporting document- Excerpts from the DWR (1931) Report: 

"Variation and Control of Salinity in Sacramento-San Joaquin Delta Upper 
San Francisco 

• of Antioch's document- DWR (1960) Report: Water 
Facilities" 

Page 2 2 
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May 19,2011 

Dr. Jerry 
Natural Resources Deputy 
California Natural Resources Agency 
1416 Ninth Street, Suite 1311 
Sacramento, CA 95814 

. Meral: 

As you requested, this is a follow-up to our meeting on ApriJ 27, 2011. The purpose 
is to inform you about water the context the Delta and to propose 
potential physical water supply needs in relation to possible """'"'"'""' 
impacts Plan (BDCP). 

Overview of Antioch and its Water Surmly 

1 The State of California of Water Resources and the City have an 
that the will be able to pump water with a chloride content less 250 at least 208 
""'""'''s intake. This was entered into the and DWR in 1968, to the caused 
the State Water Project. If in any year the number of usable water is less than 208 days, 
must pay the City one-third of the City's incremental costs of purchasing substitute water from CCWD. The one· 
third fraction was based on the assumption that the depletion of the natural is due one~third to the operation 
of the Central Valley Project, one-third to the State Water Project and one-third to all the other upstream divetters. 
lt was anticipated at the time of the Agreement that the Bureau of Reclamation would pay another one-third of 
Antioch's substitute water costs; however, this aspect ofthe Agreement has never been fulfilled. 

Department of Capital Improvements/Water Rights 
P.O. Box 5007, 200 H Street, Antioch, CA 94531 • Tel: 925-779-7050 • Fax: 925-779-7062 • www.cLantioch.ca.us 
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salinity level is not acceptable or when demand the existing pumping capaeity, the City 
is foreed to purchase substitute water supplies directly from via the 1968 Agreement 
with the Department of Resources (DWR). 

Historic Salinity and Water Quality 

Although the saltwater intrusion on the City's water supply been impacted by 
various upstream projects over the including the and federal water projects, Antioch 
has been able to divert water of sufficient quality municipal use during most years since 
about 1850. The tact that Antioch has been able to fresh water over 1 SO directly 
refutes recent to mischaracterize the histmic or subject to salinity 

into the far of the Delta for the opposite was 
true v.rith a Delta historically fresher than today's but farther 
to the east than is in the Delta.2 

Antioch's Concerns with the BDCP and Out-of-Delta Conveyance 

2 SEE FOR b'X4MPLE: 

on "Historical Freshwater and Conditions in the Westem 

Counties. 
Tolman, C. F. and J. F. Poland. 1935. Investigation qfthe Ground-it'ater of the Columbia Sfeel Pillsburg, 

California. Stanford California, 1935. 
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As we discussed with you during our meeting, Antioch has over the course of the past few years 
proposed possible potential physical solutions and mitigations for projected adverse impacts on 
Antioch's water supply from various proposed Delta processes including the BDCP. These 
potential solutions have focused on regional solutions and have ranged from desalinization 
projects to re-located regional intakes. 

One particular potential regional solution Antioch has proposed is an "in-Delta water user" 
supply diversion as part of any proposed Delta conveyance system. This is the proposal that we 
discussed with you during out meeting and that you requested for further discussion with the 
Department of Water Resources. Conceptually, this would involve creating a diversion point(s) 
as part of any new export or conveyance system that diverts water from the Sacramento River 
above Antioch's intake, in order to provide sufficient quality to impacted water users within the 
Delta with a substitute water supply. Diverters within the Delta with sufficient water or 
contractual rights (e.g. substitute water agreements with DWR) could divert water from such 
a diversion point(s). Diverters with valid water rights could re-locate their point of diversion to 
such a diversion point or add it as an additional point of diversion. 

Ideally, a diversion point would be to substitute water to several potentially 
impacted Delta users as a Regional Solution and be designed and paid as part the 
project rather than as a proposed mitigation measure. City believes that significant water 
diversion infrastructure already that could potentially be used to provide substitute water 
to municipalities and districts within the Central and Delta. This existing infrastructure 
will to control costs with and/or diversion 
points and minimize environmental impacts within the Delta. 

During our 
Director, Mark Cowin, for consideration. 
and DWR shortly that Thank 

c: 
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'Preface 
Tl1c following report D}' Engineer Thos, H. Means WH$ tinanced by the 

,\s,sodation of !tJdustr!al Water Users of Contra Costa ;md Sohno Counties, 

The instructions Mr. Means in this repon were to get 

the f~cts, and it is thnt this dm:umctH will be of benefit in 
the facts S:!lt W;tter Harrier 

Wallu:r It Yo1mg, 

The f"llowing llrnH nc members of the Association: 

t\nu,rican 

CMs l3ay Lumber C<>. 
Fibreboard Products, Inc. 
General Chemical Co. 

Grc<~t Western Electro Chcmk~! CeJ. 

C. t\. & Co. 
Jolms-ManYillc, Inl'. 
Ku.1hnan·Sal7. & Co. 
Mountain Co. 
Pioneer Ruhhcr Mill,; 
Redwood Manu(;tctun~rs Cu. 

San Pr:mdsm & Sacramctlto R. R. 
Shell of C;~lifotnla 

ASSOCIATION OF INDUSTRIAL WATER USERS 
OF CONTRA COSTA AND SOLANO COUNTIES 

C. \V, Scm·:OLr:R, CIMirmmt. 



PENETRATION OF SALT WATER IN UPPER lH Y 
AND LOWER RIVER REGION 

Under n~tnr~l conditions, c~rquincz Strait's m~rked, approxim~tcly, the 
between snlt and fresh water in tltc upper San Francisco Hay and delta 
the two rivers---the Sac!'amcnto and San Joaquin. Ordinarily 

below the straits and frc&h water was present abo1·e. Nati\'C 
in tide mar>h<:s Wils predominantly of salt water tn>cs .uound San 

Bay and nf fresh w.<lcr nrollnd Suisun lhy. 
ln tidal waters, into run fresh water streams of variable fiow, there is an 

chb and !low of salt W;1Wr and the zone of mixing will move up ~11d down stream 1,; 

dw fresh water fiow increases and dc~rcascs. For short i11tcrvals in late summer of 
;-c;m of minimnm llow, s:tlt water the lower river and delta region, md in 
wet sc~som the hay wns fresh, part of the to the Golden Gate. This 

of water was not, howe,·cr, of duration to affect the 
of the regions on each side of the straits, nor to 

Suisun Bay ;>S a fresh water ;lnd Sml 

ways. The most important 
to be noticc;~blc. 

for irrigntion in the Sac
r;un-ento of salt water farther 
th:m ever known before, ;1t mcb an 

to notice. The slow 
notice, hut were brought prominently to 

upper and delta regions in this Since 
of 1920, !924 and h~\·c more 
the salt water p!'Oblem. 

An nccumtc of natural conditions 
been collected on which such a picture em be hut 
can be made. The log of the dist;mcc traveled by the water 

bcc;msc no records hs1·c 
close approximation< 

of the C:>lifornia 
water has been kc,I:t J·Lnvaii;ln Sug;1r Cmnpany in upstream to obtain fresh 

since 190lL TlHJSc rhc means of determining 
that Jn !908 irrigation had been 

then were not natural. For an estimate 
stream flow records of the trih11tary streams 

nre taken ont. 

the concu
in both 

is the of the Sugar Company to send the barge upstremn until water 
of approximately 50 to 70 parts per million chlorine i> reached. The crew of the 

arc with apparatus by which water is analyzed until this degree of 
;~ Since trips arc made nc:ll'ly every day d11ring the summer months, 

record ~~ a very indication of the point rc;tchcd by salt water. i\ $Ull1mrtry 

<>f the complete records shows the fluctuation of the line between fresh and salt 
water. l~ccords of the Comp.my are :ltt1chcd. ! . ) · 

The Sugar Compnn)' water of purity. f'or irrigation, domestic 
indtistrlal mes, wafer of a lesser <lf pmity may be used. A com· 

the where the is filled with the point where 
that from five to ten miles down-

water con! d obtained satisf acrorv for 
miles in the arcragc records, w~ find 
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that an average fiow of ),000 ,;ccond feet in both >trcams will maint;dn fre,!t w;lltr 

at Collinsl'illc; 7,000 seconrl feet will maintain fresh water at the Snn Frond::m
Sacramen to f crry. 

H we sum up the flow of the tributaries of the Sacramento md S:hl 
Joaquin rivers at the pc)ints where these streams lcaYe the ll10tmtains and :w."mc that 
this flow under natural conditions would have reached the head of the Suisun Bay, 
we will ftnd that at no time in the past ten years would the ,wcr~,ge monthly llow 
?"''e been less than 5, l 00 second feet. It is probable, should all streams be running 
m a nanual way, th~t salt wucr would have no farther itt thi~ extremely 
dr;- pen(}{! tbn Anttoch, and then for a at ~ time. 

It is not possible to make a more detailed study of this condition without 
making a number of ns$umptions as to of flow from the stations to the 
head of the bay, and ther~ is little ac~urat~ information on 
may be made. The definite statement thM salt W11tcr under r1atural 
not penetrRI<:: higher upstream tlun~ the mouth of the ri>·er, 
years and then only for a few at a time, warrailtcd. (Sec 
flow of tributary streams.) 

conditions did 
in the driest 

2 for monthly 

At present salt water reaches Antiod1 in two-thirds of the nm· 
ning further upstream. It is to be will continue to do so future, 
e;·en in years of greatest runoff, ln other words, the of salt water has 
become a permanent phenomenon in the lower riYer 

CAUSE OF CHANGE IN SALT Wi\TRR CONDITIO:\S 

The cause 
the works of man, 

Dclt,r 
Delr~ area 
San 

Snnanv:r,to, including 

!J 

usN up the waler in the streams. The llS<' nf 
more cconomk~l tlHm in th~ and the return 

effect it to constm1<: all of the IVHcr The ·~ltc(t upon the ilow 

The :atc't accurnte determination of area 
CemtJe, 

lRRlGXf'fON lN C·\Llf'Ol~NL\ 
Cemm 

Sacmmcnto RiYcr and Tributaries 
fbnamcnto Rircr direct 
J'lt Ri,·cr .................................. . 
Cow Creek ......... ·-···"··· ....... ,. ........ . 
Cottonwood Creek ....................... . 
Bnttle Creek ................................. . 
Stony Creek ... N 

Fentner River .. 
Yuha River ............................. . 
c~chc Creek.... ... . ... . 
Amcrit::an River 
Other Tributaries ......................... . 
San Joaquin River and Tributaries 
s,m Joaquin River direct.. ........... . 
Fresno River .............................. .. 
Merced River. 
Tuolumne Rh·cr ........................... .. 
Stanishu$ Ri,·cr ........................... . 
CnLwcnts RircL .. 
Mokelumne River. 
Co~t!lllllC$ River ............. . 
Other Tribntnrics 

206,312 
10,9+2 
71.,072 

2,321 
1,858 
2,6+2 
4,110 

67,111 
Not Rep. 

3,7)6 
10,!!2 
31,388 

220,651 
129,647 

10,729 
19,636 

Not Rep. 
13,840 

Not Rep. 
S, S <;S 

Not Rep. 
41,241 

1919 

640,950 
!94,397 
89,9R4 

6,068 
2,972 
2,966 

23,5 59 
142,8-tl 

19,473 
24,54! 
+7, 156 
86,993 

1,069,161 
642,261 

12,412 
65,151 

!6S,S33 
'75,3:>9 
13,323 
36,848 

3,259 
55,0 t 5 

The above includes •pring• and wells. 

1920 
Arctt hl 

,t-tlr-tfl:fpria.cf! 

1,204,769 
439,169 
129,984 

12,488 
21,016 

6,590 
45,143 

186,'756 
69,074 
56,498 
82,69) 

l 5),356 
2,072,739 
1,083,862 

30,004 
242,7 I 5 
298,418 
155,4$3 
2!,598 

IH,480 
9,011 

96,198 

1920 
Ate.> Capoblc 
of Inigation 

864,605 
296,748 
107,478 

7,446 
+,!12 
5,108 

36,19! 
167,463 

23,492 
31,2 !2 
52,842 

132,513 
1,497,66! 

873,300 
14,(116 
71,709 

250,425 
!11,!92 

16,489 
72,144 

6,405 
81,981 

Wher<' :1re;1 ;n wat~rlih<'ti iG nQt reported (not rep") it i$ included in othet• w.11tenl1ed:ot 
Records for otht!r tensun pericdr; hllve not he:~n tabulated ~o <1!11 to hr comparahle. 

This table shows that in the 18 yean hetwecn 1902 and !920 the area irri· 
gated in the Sacramento \'alkv trebled, while in the San Joaquin \'alley the l.c.-.casc 
was nearh· five times gre~t: The area included in irrigation enterprise$ was only 
half w~t;rcd in !920, while the area cnp~ble of being irrigated was only about tw?
thirds watered. The total are~ irrigated in bath watersheds was I ,710,000 acres m 
1920, 

!\o ;~cnmltc records h~re hcen collected since !920. It is known, h~wcver, that 
the growth of Irrigation h~s tontiMed, though at n slower rate than pnor to 1920. 
Since 192[) the gi'Owth in area has been proportionally, larger m .the San Joa~m;l 
than in the Sacrall1Cllto Vallev, In the l~ttcr valley gram productiO!l (seldom trn
gatcd) ~~ still profitable antl ·much Jan~ within i;-rigMio~ projects goes into 
Other crops, such as rice, rary in are~ wJth the prtce of nee. 
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United States Dcp,HtmetH M 
fornia is shown below: 

ACRES IN RICE IN CALlFORl\IA 
1920 
192! 
1922 

1923 
1924 
1925 
1926 ~~----'~~~-«~~<~w·•~ • 

in Cali• 

!62,000 
135,000 
140,000 
11)6,000 
90,00(1 

I 03,000 
149,000 

Storage reservoirs, both for irrigation and power, have been built on many 
streams in the p~~t fi fteel1 years. M~ny others are ant! their construe~: ion 
will be undertaken within a short tim~. The list of rc>eFoirs is as com· 
plete as it is possible to make it. Small reservoirs-l0s< 1,000 acre feet 
-have been omitted. 

STORAGE RESERVOIRS 
GOLDEN GATE DRAINAGE WATERSHED 

St\C'RAMBNTO llAS!N 
D:1m 

Cottonwood CreeL. .Misselbcck Reservoir 105 

Pit River ....... . ... D~rris Resefi'O;r ............... . 

Pit River ..... . Sage Reservr'lir 
Pic River ........ . ... Mt. ShRst:l Power Co. No. 3... 
Stony Creek ..... ,. .... 

Paradise CreeL ... . 
Battle Creek ........ . 
Fc~thcr RiYcr .......... . 125 

128 
1t5 

Yuba River.. .... 

American...... . .............. . A Reservoirs ........... . 
Mokelumne.... Parde<: under constructiot\............. 350 

Electra System, Res...... .. .......... . 
Stanislnus...... .S~lt Spring>, under (mutruction .. . 

Relief --·· 

191 

Rcscr,oir 
Capacity 

Acre·feet 

5,460 

12,500 

I 
50,000 

3,000 
!,317,000 

103,000 
\06,000 

11,000 
2,400 

74,001} 
54,000 

12,l:WO 
200,000 
24·,800 

130,000 
15,000 
18,0011 
11,900 

36,00() 
t 12,)0() 

THE S.\LT WXfER PROBLEM 

Hetcb 
O'Shaughnessy Dam .......... . 
Dom ·pedro. 
Lake Eleanor ......................... . 
Dallas Warner ..... .. 
na,·is .......................................... . 

M~:rced .............................. Exchequer 
S;~n jonquin ........................ Florence Lake 

Huntington 
Shaver Lake .......... . 

344 206,000 
2&4 290,000 

330 

... 165 
183 

25,300 
28,000 
48,000 

Crane Valley .... .. • ................... 1 so 

278,!\00 
64,500 
88,700 

1 38,50() 
38,000 

400,000 
10,000 

Cnchc CreeL ........................ Clear Lake. ........ .. 
Suisun CreeL .................... Gordon V~lky 

Total Constructed Reservoirs.. 

Projected Reserr>oil':l (Partial 

Sacrnmcnto Kennett 
Iron 

American ............................ Folsom ........... .. 
Mokelumne.............. Creek.. ................. .. 

O'Shnughncs~y, incrcMed to ........... .. 

104 

420 

220 
140 
430 

3,998,360 

2,838,000 
709,000 
300,000 

1,200,000 
350,000 

. .;,397,000 

In round numbers, rc~crvoirs of a <:ap~dty of 4,000,000 acre feN <1re in usc on 
stre;nns triblltary to SAn Frand$CO ll~y nbo1·e Carquinez Stmit. R~-,;ervoirs of much 
larger capacity are being considered for fl1turc construction. 

Mit1i11g [)ebri.r. Mining debris and sediment in the rivers lnd by-pa>s 
channels have probably .:-hang~d the tidnl !ltJw to a small extent, and m~y have 
n!fcctcd salt water movem<:nts. The effect hns lx~cn too small to measure, but it has 
been gcncrotlly in the dircctim' of reducing tidal prism and tidal flow where the 
deposits arc laid dow11 in b~y waters, and of increasing tidal flow through the Golden 
Gate where deposited in the ri1•crs. The net <:h~ngc has probably been very smalL 
Gilbert, in hi~ report upon Hydraulic Mining Debris (C. S. G. S. Prof. Paper lOS, 
pa~ 87) estim~tes the reduction in tidal currents in Golden Gate caused by dcpo,l· 
tion of debris as 2.49 ~r cent. 

Lmtd Reclamation. Reclamation of land by building levees has affected tidal 
flow and movement of salt water in two ways: first, by decreMing the tidal prism in 
the delta and, second, by changing the time of arrival of floods and of low water. 

First, Redllction of Tidal Prism: The reduction in tidal prism b;v the con
stntction of levees in the delta region and around the upper end of San I'ablo Bay 
and around Suisun Bay has probably had the effect nf slightly reducing the tidal 
flow through Golden Gate. As hns heen shown by Gilbert in the publicMlon above 
referred to, the effect of leveeir1g in tne lower river has had the lcndency of increas· 
ing Golden Gate flow, while the •ame work ilt Suisun and San Pablo Bays has harl 
the opposite effect. The net elf eel, however, is sm~ll and r<:•ults in decreased flow. 
Gilbert (U. S. Geologic Survey Professional I'aper !05, page 79) estimates the 
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M,\RSH LA?\ID .\IU:\S~,\ VEIUGF 
GOLDER G,\TE EXPRFSSim 

Net clrcct on Golden Gate 

Second, in Time 
fmm tide lands has been to 
lnn:l of floods toward ticlc water. 
with water in flood time and 
the flow well into the 

Most of these 
channel and 

pronounced. 
districts were leveed, 
off from flood flows these 
the middle of summer, the wntcr 
imtcnd of delivc:·ing water to the chnnncl, wntcr 
gation during summer months. 
dircctlr to the r\rcr. 

licturn seepage from 
flow in the Sacratl!cnto. 
(Biennial ·Report November, 
Supcrdsor's Report 1926, 
Rin~r as follows: 

FLOWll\G THROUGH 
PERCENT:\GE 

WAfER RETURNf~D TO S,\C!l.:\"MFNTO RlVER 

!926 

!240 
1077 

LH3 
month, had the 
upon ti<h:s 

npS~TC'iHH 

THJ~ S,\LT WATER PROBLEM 

further, the e/Iect of permitting the 
case throngh the ilecp channel. 
of Suhnn Bay <md the San 

) 5 

lt is not mc:JSJJr<' these effects, hut is wdl established that salt 
water be:ing heavier mon;s nlong the bottom of deep ch;mncls with gn:.ller 
than o1·cr shallow mws. AnY of ch:umcls or of approach 
through rh:C the the deeper 

'\Vaters. 
of Wattr i11 the Srm lrrig<ltion in the 

nn cft'cct 11pon tidal and the lllOI'Cll1Cnt of 
by dil'erting and storing water during flood and 

in late smnmcr and L1ll months through return 

much larger utili·z.ntion 
than in the Sac·ramento 
farming hns been 

w;,tcr resources h:1s taken place in the San 
Rainfall is l ightcr on the floor of the 

and there is of 

strc:Hm tribu tAIV to the 
:ll!d no water er;tcrs the 
true for over ten years. 

The 
has been put to me. 

The llppcr San Joaquin enters the floor at Friant. 
The mean :lnnna1 of the strcmn at the \'allcr's avcrngcs 2,050,000 acre 
fret. above this point, built by the Snn J~:H]tlin IHHI Power Coq>o~·a· 

Southern Califomin Edison Power Company under contract wnh 
owners and user' of W;lf<~>', ;unormts to 330,000 acre feet. 

b~cn planned. Lamis irrig~t\ld from the stream lie on 
•J.OO,OOO acres. The d\rcrsion of the 

ditche,, sl<n1ghs ;md ,:;m;lls in ur.c \'ery .large. 
A hove the M erccd c:mul;, ditches :md sloughs with colltrol hal'c 

second feet. and channch wild 
this dil'cHion to in cxcc~s of l 'ccond feet. Tlclow 

the a number of pumps water frolll the . to. \Vest Sl~e slope. 
Down to Paradise Dam, abmtt the head of tide water, these dn'crSIOllS total m excess 

of 5 00 second feet. 
All water the is din~rtcd in late summer, The S:m is 

dried the for three or four montln a year. Return commences 
"make" about the mouth of the JV!crccd. Below that there ;J]wavs w;;tcr 

in t!H~ channel, except for short of time, wmc of th~ 
plants. 

Fr1,.o1tr Rirltl', This stream lws :1 sm:lll 1\'\ll~rslH:d Mea of low mnnnrains with 
•1 mean mmaal flow of 68,000 ~ere feet. The entire low flow is utilized around 
Mader~ and toWilrd the San No rc'tnm makes from this area, ~s 

plants h~\'\1 1\'atcr plane probnbly nearly 
water flow. 

C!wrcdri!la Ri·z•,:r. 'I'his stream has ;1bont the same ;~rcn 
conditions in its as has the F'rcmo. Its mean flow 
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acre feet. All low flow utili:ccd, 
No return seepage makes from this 

Merced Rit'er. The Merced 
the junction with the San 
of the Merced District, 
stream except in wet 
river, when water is 

passes the district's 
The mean flow of the stream 

these 

with 

lower 

THE 8:\LT WATER l'RORLElVl 

Nr:T RESUL,T OF IRRIGATION AND STORAGE 
ON SALT WATER PROBLEM 

former statements upon the effect of 
the flow of salt water in the lower river ;tnd upper b.ty 

laid: 

npnn 
may 

.1. Under natural conditions the boundary between liilt and fresh water 
'-"'·'ct<"m'c', Stntits. ln htc Suisun Bay became brackish but salt water 

far as Antioch and then 'for but a few time. 

2. The combined effects of and diversion in the Sacramento 
lHtvc been to reduce the flow tidal waters to a small fraction of the flow 
under Mtural conditions .. In 1924 flow at Sacramento was about 720 second 
feet and was below 1,000 second feet for in excess of a month, In 1925 the flow 

Sacramento reached a minimum of 2750 second feet and was below 3,000 for 
a month. In 1926 the flow of the Sacramento reached a minimum of l ZOO 
feet and was below 2,000 for over a month. 

3. The late summer flow of the San Joaquin-all return been 
below 1,000 second :feet in all except 1927. The capacity of pumping plants 

West Side lands the inflow nearly every summer, so that, so far as 
in the San is conccmcd, all of the la'tc summer inflow into tidal 

channels is used on . area. The. delta lands now must obtain their supply 
from the water stored m channels or wh1ch flows underground, or from the Cala-
veras, Mokelumne, and connecting with the Sacramento River. 
. 4. The use of water the delta lands on both San Joaquin and Sacramento 

nvcrs has not been The area irrigated amounts to 360,000 
acres.. If th!s area consumes l f4 acre. feet of w;:tcr annum, of which 20 per 
cent ts used m a mollth, the consumptiVe draft wtll at the rate of 21 00 second 
feet. This exceeds the low flow in years of light rain. 

PRESENT CONDI'l'IONS 01~ SALT WATER IN 
UP1)ER UAY AND LOWER RlVl~R REGIONS 

S~lt Water conditiong have been •undor observation bv the Division of Water 
of th<! of Public Works·since 1917.' Results have been pub

ill the amtunl report.s of 1his l)ivision. Earlier records of much value in the 
of the problem are those of the California-Hawaiian Sugar Company, referred 

to earlier in this covering the period from 1908 to 1920. In 1920 dtc 
Sugar Company a supply from the Marin Municipal Water District at San 
Quentin Point, approximately 15 miles from Crockett. Since then, when the 
distance traveled upstream to fresh water is less than 15 miles, the water is taken 
from the river; when the distance exceeds IS miles, the Marin County water is used. 

A number of other o£ s~lt water conditions have been collected 
at various and arc of in the determination of the which lutvc 
taken recent years. Among these records are those collected Mr. William 
PieJ'Ce north of Suisun on the north side of Suisun Jhy; records for a short 

the Paciftc Cement Company at Suisun, showing salinity of 
J'CCords by the Great Western Elcctm Chemical Company at Pitts-

from 1916 to date, total solids :md chlorine in the river 
collected ar various times in the 

Francisco, the Richmond, 
amount of from the~e sources has 
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in 
in formnlating ;1 accurate 
be expected in the future, 

Attached to thi» report is a 
from tht: Annual of the 
lines have been the 

and :-,c·nt<'mi>c 

salt wat<;r lws 
Collinsville on the 
1924 ;tnd !926, the extreme 
dd ta region. 

The year 1927 is one 
tributary t~ San Francisco 

For 
to either 
of records 

i\n exun~ination 

practically all . n;:rch lire lowt;r end of 
a month's time, that in twcHhmh of the in the lower ddt" 

1\l<lnth,, region in excess of a month's or much '" 
The areas of delta land within the "dt 

table: 

1924 
1926 

1925 
1927 

I'ROSPECTI\'E 

Storage of W;ttcr for power 
uses in the watersheds to 
crease of the 
there is a steady, continuoos 
use of water through n~w 

shown in the following 

I (r9,000 
58,000 

8,)()(1 

5,000 

THE T W.\TER PROBLEM !9 

used fast as it is released power purposes by the agricnltm:tl 
the motHh the Merced. 

On the next str~am, the Muced lrrig;llion District has built a 
278,000 foot and has trehled the area in 

1920 .. The distrirt is 
of 189,000 acres will he 

On the Tuolumne 
Dimicts have built the Dom 

vvifhin n fe\v years. 
the Modesto and 'I'urlock 

both districts h:rvc incrc:tscd 
of 290,000 acre foot 

their irrigated arc<'. The 
The Wat(:rfnrd District has to usc the water of the 

approximately 6() cubic feet per second 
Dam, further the stream flow. 

l'ow(·J' whid1 
into the Tnolumne River 

Since l 920 the Francisco h~s built Lrkc Eleanor and the 
J);ml, acre feet. The water released from these 

res•cr<:•<}irs has nm ,·ct been from the watershed bur it has been 
cit j(:ast <luring rh~ summer period, by the irrigation districts, ;md no wntcr 

has flowed into the TnolumrH! River during the sumnH'r ancl 

On tl1e Stanislaus Ril·er, the Melones Dam has been hoilt by two 
di>tricts in with the Pacilic Gas and l~lectric Company, and 
:mmmcr usc of water llas been ,·cry much im·rcascd. 

In addition the Power Companies have now under constructicm Salt Springs 
Rcsen'oir on the headwaters of the Stanisbm, with the intention of nltim~tcly 

the sunm1er. 

of ! 30,000 acre feeL This water when released will 
\Voodw~rd reservoirs lower Oil the strNm and nrill·1.cd 

The East Bay Utility District has now under constrnction the Lancha l'bna 
Reservoir site on the Mokelumne River, a reservoir of 200,000 acre 
and has a pipe line from the Mokdrml!llo to the Eilst Bay district a 

of million gallons second The water to be dh·crtcd 
Utility District will be watershed and there will be no 

rdnrn flow from iL 
ln addition to the reservoirs and inn<'<1£<:cl area on the cast sid,~ of the 

lilting wnlcr up the \Vest 
these ;uc the B.J1lta· 

Carhona Irrigation 
menccd irrigating in 

second. 

have been 
lands. Important 

at the he~d water, which com· 
of 220 cubic feet 

The Burkhnrt Ranch further sonth has install~d a pumping capacit~· of about 
cubic feet per second $)nee 1920, and n number of other district$ and appro-

of wnter hn\·c increase<:! either the of their ptl!llping equipment or 
extent of their so thnt at the pr~scnt time the capadty of the pumping 

We$( Side exceeds the !low in the Snn Jon<]uin River at the pl<1cc 
where water is reached. 

Further cxtcMion of this <\Hen i' ln 
of plans which will rc,ttlt 

from the river. 

~nd on~ new district is 
the pmnplng of npproxi-

by pumping from wells has been going on at the 
1V1e-n:'ed, Stanislaus :mrl San }:JatJnln counties~ 

haYe b<·en inftallcd rince 1920, a'l from water 

' 



20 Tim SALT WATER PROBLEM 

which, under nat\lral conditions, would h~rc outlet th~ ~ea through the Sm 
Joaquin River. It is to accur~tclr the effect of this withdrewal 
of water upon the stream flow or the underflow to delta but, if it has not 
alrcadr done so, it will at some time affect the flow br the quantity of 
water' which reaches the stre~m frmn affecting tlwt 
extent the )ate smnmer disclrargc into tidal water>. 

Irrigation de1·elopmcnt has not bec.n so in the Sacramento water· 
•hed since 1920. There arc,, )Jrge number and reclamation 
in the Sacramento '\'alley which have sntems of a capacity larger than the 
irrigated area. There is, in addition, a ,;rca of land still devoted to grain, 
rice, sugar b~ets and <>thcr which goes in and out of cul!ivatiun 
as economic conditions vary, The years grain are high, large areas of 
grair~ go into cLrltivation, ~ portion of which is With prospects of low 
prices for gmin other crop$ are planted, some of usc mor: water than do<l! 
grain. The most noticeable effect on the water hr~wcvcr, rs .the mcrc~se and 
decrease in the. rice The area in smcc the mdustry hc<:amc 
stabilized \'aries fron1 I to in excess of 200,000 acres :t year, and in years of 
large crop the ctfcn upon the water . 1 0ry noticeable. , 

Although no large new have been built it,' the Sacramento Valley, m 
recent vears, the inneasc in 111 the older drstn<cts has been, stcaay: ~he 
area de~otcd to orchards, to and to f~rm cmps requmng rrngatton, 
steadilv incren>es. The result has been drafts upon, the snpply frorn the 
river ;nd to gradual reduction in the total flow dowmtream nom the mam cult!· 
vated section. The reduction in co some has ~ccn .tx>,ntrolled by the 
opcr~tions of the Division of Water through Comnuss:one: appo1~1tcd 
to superintend the diversions £rom the and San Jonqum rtl'~r$, fhc 
principal effect of the work of the Commissionu has been t<l rc~ucc the w~stc, of 
water to encourJge economy and to endeavor to the fiow at Sacramento l11gh 
as ~ible, both for purposes of n~vigAtion and the use of de·lt" :m~ds., 

Return seepage and waste from the lower ends of t~e. nee rrr1gatton ca'~'~ls have 
to some extent ameliorated the extreme low llow condtttons m !920 

d 19Z4 bnt the steadv increase in area goes on year. The total 
an ' . ' L • !· ., ·. ·lowly b"t quantity of water whtch passes out of tne m ate >nmmer l• ' • y, 

decreasing. . . · · d' f 
There i$ nothing to indicate any of condtttons Ill the 1m me l~te uture. 

Irrigation has reached nearly stable conditions on the areas of the San Jo~quin 
Valley, largely became the streams m: to their fu:l ~apa?iries. On 
the Sacramento River' howe\'Cf, large areas of land' under trng~!tOn wstem; 
built 10 supply them with wat,:r are certain to be pl~ced m crop and mcr~asc the 
usc of water. The re1ult wlll be a of the stream and i1l1 mcrcasc 
of the salt water menace, . 

Salt water wnditions such as have occurred i;1 the lower. c~elta smcc l9l & hal'e 

b ln,~cnt and will not be nntd some addttmnal water is 
ecome per "' 1 b · · 

turned into the river during the low or ~n ~ss a arncr IS , to 
prevent the approach of salt water from th~ ocean .. It ts dJfficult to conceJvc a s:t 
of natural \Ondidons thnt would tlm Slt\l~tron, We have. reason t~ expect 
vears of heavy runotT to follow the of dry years sm~e 1911, but a 
~e• icw of the past does not lead the that. summer water supply can be 
it~creased to such a point that ;1ny effect wdl be by the delt.1 
region and industrial area, 
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EFFECT OF SALT WATER ON DEVELOPMENT 

The industrial and agricultural areas along the upper bay and lower ri•·cr 
region came. ill tO being befnre there was any serious thought of the salt water 
problem, in other words prior to 1918, for that was the first year in whkh the 
cncroodtment of S<~!t water wns serious and over a long period of the rear. Since 
1918 there has been no l:trge increase of cultiv;1ted land in the ddta region nml 
few new industries of importance have been e~tAblished in the industrinl area, There 
has been, however, a stead;• growth in the industries already established. 

The effect of salt water ttpon the v~rious nsers of wnter will be discw;sed in 
the following p~ragraphs. 

Agrictt/tflrtl. Wnter to be supplied for agricultural purposes llHlst he free from 
huge quantities of soluble matter. The upper .limit of concentration safe for use 
depends upon the soil, crop, rate ~~ which it h~s been used, drainage facilities, and 
to wme extent upon whether fresh water is available at other times in the year for 
leaching purposes, The determination M rhc S<~fe limit is, th•!refore, a matter of 
considernble difficulty, ~s it will vnry ns these f~ctor> differ. 

For the purposes of this report, howe\er, it is fair to assume th~t w~ter con
taining 100 pam of chlorine per 100,000, equivalent to 160 parts of sodium 
chloride or common salt per 100,000, is the upper limit of safety; since the Water 
contains other salts the total salinity of water containing 100 parts of chlorine will 

from li'i to 200 parts per 100,000, Water of this degree of salinity is not 
for use, except where precautions are taken to provide good drainage c.11rd to 

continue leaching the w;w~r through tlte soil ><> that there is r\o accumulation of 
~alty matter. S1H:h water may be used with safety on light soils where drainage i; 
good and the \l$C excessive, a11d is not harmful where uaed oc<:nsionally during late 
summer. 0Jre-half of this qunntity, or SO parts per 1 UO,OOO, is much safer for usc 
and waters of this degree of salinity rould be nscd with comparative safety. 

The records quoted above show thllt in years of extreme low How, \Vaters of 
tOO parts of chlorine per 100,000 will penetrate into the delta region to points 
bc\·ond Rio Vhta on the S;u:rmncnto, and to Stockton and beyond the mouth of 
M'iddlc River on the San Jonquin. During some part of the .~u~tmcr 3pproximately 
Otlc·half o£ the delta ~rca will he surrounded by sAlt water, 

Thi> c01lditio11 has several rcsnlts: First, it renders questionable the irrigation 
of perm~nent crops, particlllarly such crops as arc sensitive to salt; second, it has a 
tetrdencv through the percolation beneath the levees of sub-irrigating the adjoining 
land with sali11e wnt<:r; third, it reduces the nlue of lands through the fear nf 
,;alinity· and fomth, it adds expense and tmce.rtaimy to the question of dome•tir 
supply, 'for on most of 'the delta the river is a snurce of domestic water, 

The net eff~ct of this condition is to render agriculture uncertain in the, delca, 
ro reduce the l'alue of land, and to create a menace which will result in the 
destmction of the land by tlte accumulation of S<>lts. 

:\REA OF AGRICULTURAL LAND AFFEC'nm BY 
SALT WATER BARRIER 

The area of agricultural land affected by the salt water barrier is taken as: 
lst-The area of m:mh l011d lying practically at sea level. 
2nd-The area of land up to clev~tion 150 above sea Tevel; an elcYation 

to which pumping has been carried with success. 
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Thc~c ;H'til$ llla)' mbdiridcd into 

::tr;~iL 

ht·--.. Thc ~rca around San Pablo 
site of the San Pablo 

2nd ... "'fhe nea around Suisnn 
at Collins1·i!Jc to Benicia. 

3 rd---Thc delta 

territory M'C by the 
of the :wailahlc tcrritr>ry and 
arc n<lll' filled bv towns, the 
Cf'lll1l1!ercbi , :dong 

rhc 
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lf the mait ); fil.lcd ;;.nd tidal ihH::tuatlons ,1nd current~ ;\re 
decreased. the 
At the . 

of ~n ;n·aihble will he 
is rcstri<:ted b;· water Martinez, l'ort Costa 

obt:dn " pan of their water from wells at Concord, 12 miies 
groun_d 1\'atcr ~' limited. addition$ to this supply 

Rcllncr)' at Cmckett has barged water from the river or 
{.'OSt for 111anr ye;trt. 

rtntit, th<: towr; ;f llenicia h.<> sm:tll w;~tcr 
\'cr;• much without gre;<t cxpcn~e. 

Mar$h lands ~djoining Suisun Hay total 70,000 :1crcs. 
to rhc;c m;trshcs is an arc:o of 93,000 acre' of hi!iher ];md 

but not now irrigated. Fres-h water in Suisun lin· wortld 
m;d;e it to conn;rr this :rtea dry l~nd t(i irrig~tcd areas of high ~-aluc, 

The rnarsh ~rca of Snistm Bay is all pr~crically at sea lc1·el, Much of it is 
,,,1!t lllJrsh or at least contains enough salt to interfere with wmc kim!& of 
A has been leveed and utilh:cd for pastnre, bnt with 

salt has :tccumularcd, · 
fresh water tithl channels <~nd freedom from tid;~l 

Jlm;tuations will of this hnd and make the reclamation of it 
The and will become n"rr productive when 

this arc in character and the 
~;nd cert<1in of S<UC(>ess. 

If fresh w;ner is m;ule ;n·ailable, there is little but that these m.rr'h 
<'VN<rmiiv be made as the delta hnds of the S"cramcnto and 

npstrc~m. 

above thct:.e rn,1rsh :~reaS- and whid1 
tidal channels indnde: the lower pans of 

Cordelia, the lower of Snisun Valley, now highly 
frnits, nnd the Suistm to Dcrwcrton. 

South of the hay tlh' lowc·r p<uts of \V.>lnut Creek and Ignacio ;md Seal Creek 
n!Jc,·s mar h<: reachcol with low lifts. Thes.c land! arc nc>w in p<trt 

pl:m;cd w' fruits ant! the have been dcmon-
;tratcd. lrrigatit>n wat·cr <'annot he from mw oth¢r source 
known a: thi;· time. Wdls ;ore of small and uncertain life. · rcscrv<>irs 
on these streams mav be but none is known except ~mall ones, these will 

onlv m1illl lot:~l arc;rs. 
Th~ most dilliculty is the extremely erratic nature of the runoJT 

fwm thi; area. ln wet yc.ors floods ;tre heavy, bnt in ye:trs below normal prccipita.
tion the nmo!I mny be vcr)' limited, often ncgiigiblc. tr> be depcndnblc 
must hold water over two or three dr·;· years, a11 impracticl!blc condition for 
rultnre in \'Cr)' limited areas. The greater part of the arc~ will remain un· 

some mmc dependable of w;l\cr i~ made ;rvailablc. 
b;urier will frc~h water M it can be obtained 

atTccted tide Jc,·cls, extends far 
( 6 m ilcs below the mouth of the 

the Sacramento a di~Lmcc aboYc tlw of Sacra-
the mouth of the S;l!) to the head tide w:~te!· 

to the head of tide w:1tcr on the Sucrumcnw r; 56 mile;. 
t.rc many miles of tid:rl d1annch and 
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access by boat to nearly all parts of the nih, 
making it possible to deliver tidal water at rhc ot high 

This region includes 367,000 acres of land, either 
flow, and 91,000 acre~ of ground 
west side of the total 45 8,000 acres. 

The entire arc:~ or irrigable from waters at tide leYel. The most 
recent infonn~tion indicates that of this area 360,000 acres are now irrigntcd in 
both deltas. In both deltas an area of 98,000 acres remain to be irrigated, parts of 
which are irrigated and farmed irregnl~rly, The economic status of the farmer has 
much to do with the area under cultivation. 

The Up River The entire 
to some extent interested in the salt water 
before the Superior Court of San 
appropriators in the delta region and 

an:a tributary to Suisun Bay is 
:\t the present time <1 suit is 
between rip;lrian users and 

on th<! streams above the del tn. 
users WRtc:·, both for iuigation 

ln prospect. The outcome this 
This suit invol\•es nearly all of the 
power, on the stream. Mndt mhcr 
controvel'lly cannot be fore$<:cn but it 
complications lltld nearly endlc~~ 

,..,.,M,;kl~ to predict but '''rlou' 
mnrter which tnrn the court$ 

may take. 
Should the outcome of the pre sen r suit be tlJ<lt ride water lands ha\'e no 

riparian rights upon waters of the streams, ln excess of one-haJJ of the present del r~ 
arc~ will be periodically surrounded by sale water. The agricul turd industrr will he 
affected and the salt water menace to these lands will become permaoet\t. The fit1al 
IC$ult will be disastrous to ~ very area of land which .has been the most uni-
formly productive land in the sr~rc. c\mtinucd storage and me of water ~bovc 
tide level and the increase itl pumping to high lands around the tidal ~rc.1 will 
tause salt water to enter the rivers in all and at times the greater part nf the 
tidal waters will be contaminated with salt the ocean, 

Shonld the courts take the view that owners on tidal waters have riparian rights 
to the flow of the stream, n great deal of very valuable land now water must 
release the water which has heretofore been us<:d and a tremendous to higher 
~rcas will result. Tlt., release of waters may affect s~lt water tO some 
extent but it is in1possible to conceive a condition in which enough water will be 
released to push back salt in of light runoff. 

As is shown later in in the chapter 
Cootrol of Salinity," the plan which this 
look practkd as a means of taking care of the 
Furthermore, it leaves out consideration the eotirG 
below the delta, 

Por<>Ct' CompanitM. Two power rom··-oni<•S 

Great Western Power Comp:my and tnc 
companies have an interest in the salt in two 

~n d Release for 
made does not 
of the delta. 

lies 

is the first and most apparent interest power have in this in 
that the maintenance of the present induHries and their growth in the fmure alrc<:t 
the h1come of the distributing 

ln ;! later chapter a statement of th(' use of power fnr industri;r) 
and domestic purposes is includerL The rate of _r,:rowth sales indiot<:~ :t 

steady increase in industrial activities. The more factories grow ;md 
the more new fnctories there are installed, the better be the power companies' 
incomes. A potential industrial offers for ~very 1~rge incrc;tse 
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in usc nf power ~nd the cncvu;:tgcmcnt of these industries is a legitim~tc function 
n:· pm\'Cr comp~nies. 
. , The sceo~d way in which these companies arc lntcrciltcd is the question of 

lt.ttgatton ment1;med above, The Great Western Power Company and the Pacific 
C~as a!\d Elcctnc Company and subsidiary companies, such as the Sierra and San 
Franctsw Power C<>r:lpany and Mount Shasta Power Corporation, ore pnrties to the 
~~tt prevtously menttened. ln additiott to them the San Jonqttin Light and Power 
Companr and .soutl:ern Cn!H:ornin Edison Company, both de1•elopers of power on 
the S~n Joaqtllll Rn·cr, ue mcluded, and the Mod<:sto and Turlock, Sooth San 
Joaqum and Men:e_d irrigation districts nrc included on account of their storage ancl 
usc of water 011 r.nbtttary streams. The interests of these concern~, therefore, are 
created hy the dncct ;lttack upon their storage and tJ~e of water in the higher 
watersheds. 

Should the outcome of this suit establish the riparian right of tile delt~ l;md 
owners, the ~ower companies will suffer \'cry >eriously in comcqucncc, by the 

of mther releasmg water now stored or condemning the right to continue 
the practice of controlling the llows. 

FiJkittg hulmfty. Under present eonditions, with the Sacramento and San 
rivers open to the Jlow of tides, fish have free access from the ocean to the 

, water strc.1ms dra~ning the Sicrr~ Ne1·~da Mountains. Several types of com· 
mercwl ~sh ~rc, (~ught m these wnten and other fish are important as food for the 
::nmtnen:ml \'anctH:s. There hM developed a considerable fishing nnd fish,canning 
md~strr along the bay nntl lower river shore. The catch in ri1•er and upper bay 
;rpp.oxnnatcs 5 ,000,0{)0 to 6,000,000 pounds a vear-largely salmon, shad and 
stl'iped ba~. (See t~ble.) ' 

The Fi~h and G~me Commission has in chnrge the maintenance nf fishing and 
th? ~rescrvat,"'.lll ;rnd cot.mol o£ ?uoral fish life, tOgether with the propagation of 
c:ostmg spec1es and the mtroducnon of new forms suitable to these conditions. 

Plans for the salt water barrier provide for lishways so that fish may travel 
upstream. Fisll will have free tra\·cl at such times as g.1tes are opened and will no, 
doubt pass through the ship locks at nll times. 

THE FU'l'URE OF THiS REGION 

The future of the indtmrinl region on Carquinez Straits and Suisun Hay de
pends upon the growth. of population. California and other Pacific Coast states nrc 

more r~pidly thal\ ~1\Y mhcr section of the United Stntes. There has been 
many years a constant inftow of people from the Rast and an increase in popula· 

timt rtlong the whole Pacific shore. The cities of Los Angeles, Oakla11d, San Fran· 
<:i,;;.·o, Seattle and Portland have gmw•l much more rapidly th.,n is tile average 
growth of American cities. 

TI1ere is no such rapid dc1·elopment atl}'Whcrc in the Nunti)' except the 
~ndustrial growtfl ln the clti~s around the Grc~t L~kcs, where brge manuf;1cturing: 
•:1~ercsts have centered, Astde fro1~ the ~it,'' of Los Angeles, the rapid-growing 
Cltl~$ of th_e counlJ~v lHtl'e !teen tbe mdustml <.'enters. In the case of J.os Angeles, 
the mdustml growth h~s been large but the great increase in population arises, to a 
brge extent, lrom the attuctil•c climate of this southern city. 

Estim~tcs of future population of the Ron francisco Bay region h~ve been m~dc 
s"veral organh.~tlons in studies conccming public utility matters. The results 
three such studies are shown in the table following. The first, Column I, ;, 

the estim~te of the population of s~n Francisco ~nd East Bay <'ities made in COllllCC· 
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tion with studies of Trans~bav ; Column ll an estimate of th~ l!>etmpolit:m 
district, taken ~' San ' Alameda, Contra Costr, and San Mateo counties, lw 
the Telephone Company; Column II I the estimate of population of the l•:a:t 
Hay M\micipnl Utility District by that Each of the>.:: e>tiniOJ!cs huli-
cates thnt the poptdation will double in 2 i rears. 

YEAR 

J9J 
191) 

1920 
1925 
1930 

193\ 

1940 

1945 

1950 

!960 
J, 

ESTIMATES 

n. Padfic 

IlL 

S11bdivision 
<d 

St;tH\ 

St:ltc 

Ahmcdn 
Contra 
Marin 
Nnp:~ 

San Frands:co 

San Joaquin 
Sa11 Mateo 
Solano 

GROWTH 
l. 

POPt:l .\T!O:\ 
IL 

976,00(1 

1,100,000 

... 1,·426,86! 

344,1 l 

27 ,.1+2 
20,678 
91,029 

Ul 
2,l'!2,nnn 

H 
40 

9 
4 

34 

Recent flgnrcs w show increase in are shown In Table 
1921 ;md 1927 ,ue gircn the sdmol enrollment! for years 

summari'l.ed below: 

IlL 

;iOl ,OOil 

948,000 

in which 
ilr{! 
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SCHOOL 1\NROLLMENT 
HAY SHORE DISTRtCTS CONTRA COS'L\ COUNTY 

!921 
7262 
1037 

191:? 
911 R 
1586 

!0,704 
311 

Per Cent lno (;",fl"il~ 
191 S-21 !91 

4'i 
! 210 

50 9+ 

Popu!.ftitm Grmvt!t rwrl Itt Cycle;, C"lifomia, in common with other states, 
is going tlmoogh a readjustment of populntion distribution ~nd kind of occup~t'un. 
A t'Olll}l<lratil•cl;- few years ~go the greater part of our population was engaged in 
~gricu!ture; today manufacturing and m<tchanica! industries occup~· more pcuple 
than agriculture. lu 1920 agrict>ltural pursuits (including forestry) occupied Ill 
per cent of the wage earners of the state as cumpnred with 28~ per cent engaged 
in manufacturing and mechanical industries. Today the percentage engaged in 
nHtnufacturing is higher and increasing all the time, 

St11dents of population growth recognize C)'Clcs of growth which, for certain 
rc~sons, start slowlr, !,(:'OW rapidly and decline slowly. California has gone throngh 
two 9•cles of growth-mining and agriculttw•t-nnd is now entering upon n third 
nclc-indmtrial. 
· The gold rmh cummcncing in 1848 caused the first rapid increase of popula

tion after Calif<>rnia bec,1me a part of the United States, As mining gradually 
declined in importan.:c, agriculture attracted many people and a gr~~t incrca$e in 
population occurred, l•g,rinul"'re ceAsed to make rapid growth in !912 and sitl<'e 
that period mam1facturing a11d mechanical trades have been the principal source of 
increase ilt popul,ttion. 

There are se\'eral rcnrons for present conditi<ms: 
L Agriculture hns been depressed since the deflation period of 192!. Costs 

are $till high and the sale price of products hns not entirely rccmered, Profits have 
been low. 

2. Land v.1lucs in California arc high, There is no mon' chance for cheap 
land. The incentive which caused many to enter agricultural pur,;uits in the great 
peri<>d of agricultural growth does not now exist. 

J, Farming is more and more becoming purely mechanical; the same area of 
!nnd ca11 be farmed now with fewer men. This releases men f<>r othct' occupati<>ns 
;u1d reduces the number of men trah1cd in farming operations···the potential llllyers 
of farms. 

4. freight rates increased during the war and added grc;~tly to co>t of pb>eing 
ap;ricnltural products in eastern market center>, At tl1c snmc time the inucasc in 
freight has made it prnctknl ;md ncccesary for m.my man11facturcr~ to csubli;h 
br~nchcs on the Pacific Coast. 

5, Si!Ke i 900, hrdroclcetri<: power and long di~tancc tnmsmiS5ion of energy 
t<> manufa~tming centers hn,·c bc<:n made practiclll rtnd chc~p, ~nd depet1drtblc power 
ftlr manufacturing has resulted, 

6. California, since 1900, has become a large producer of oil. The chc~p 
oil has encouraged manufacturing in mnny ways, 

The P;mama Can'll and bcHcr shipping facilities o:>vc made raw matcriJ!s 



zs THE S:\LT WATER PROHU·:?¥1 

f<>r m:mufactu:ing 
manufacture to other markete. 

8. The dimatc of the cmst 
being wdl adapted to 
freedom from freezing or 

it easier to Ehip 

of C~l i Corn \a h.ts becume 
The cool weather, tmiformit,· 

,torms, have attracted workmen a;nl 
The result of all thi, is th;1t nr 

industrial centers, We ttrc nov: 
state depends brgc 1; upon the rate 

,~f c,liforni:r lies nrouml 
<1gc. The future <>f tltc 

of this mam;fa:·turing and indnmi:~l 
growth. 

This does not mean dwt there to he expected a rtcdinc ill 
On the contr;1ry the of citi~s anu center:; of 
~timulatc the growth agricultnr<~. Markets more fann 
from increases in !t\duolrial will be a better market the raw 
1>roducts of manufacttlrc on the fann and the 
transportation that will result from will benefit 
may expect tbe growth in agriculture to continue, <lt a rHc lower t~a" during 
the ycnrs p:ior to ! 912. 

Agdcultuml Exlcmion P•!.<.iiMe /() Be In the ;n whieh 
the r~gion lying trib11l~ry to the t>ppcr end of the and lower rh·er is 
the st~tcmcnt is made «S to the nt<:;r of land which could be irrigated from 
water basin above tl1c salt water barrier. These nreils nrc rr~ follow::: 

ARl::,\S IRR1GABLE FROM FRESH WATER BASI:< 
ABOVE BARRIER 

t:pbnd T<>t:>l 
San Pablo Bnrrit•t· 

s~n Pablo 1,000 48,000 99,000 
,\rnw l'oint Darrier 

Stiistm 70,000 93,000 163,00() 
-----

Tot~ls nbtwe San Pablo.". 121,000 14!,000 262,000 
Delta Region <1boV<! 1110\lth of 

S;m 257,000 58,000 315,01)0 
S:~cr;inlcnto 110,000 33,000 143,000 

--"~-
Gr~nd TotaL 488,000 232,000 /20,1100 

--~·-,---

Of this 
Anny 437,000 184,000 621,000 

Of this nre:t, approximat~ly· 360,000 acres are irrigated in the delta n>gion. 
The areas armmd Suisun Bav and on San Pnhlo are surrmmded b,· ~alt water 
for m mut:h of the summc; that pasture erop;; alone nrc grown to a 'comiderabk 
extent. 

Following the history of growth of the it is reason:•ble to expect that all 
of the areas which ~an he irrigt<ted from this water b~sin will b,~ Irrigated and 
cultivated as rapidly as the popuhHion and it>creusc in m~rkets warrant, The region 
is close to markets, well supplied with transportation facilities, which will he hoth 
by rail and water, h.~s dimate suititble to" great of crop$, ~nd it would ho: 
only natural that such Me,1s would he pur to 
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huiu.•lrirtt Gnmtlt to be E.r{'trcted. There is no possible w".'' of predicting 
what increase there will be in the industrial development ex<:cpt that it will he 
large and svhstantinl in char.1ctcr. There arc tnany bask industrial acth·ities not 
represented in this part of the Pacili<: Coast-industries that will unquc>tionably 
settle in this region when ;! fresh W<ltcr supply is assured- -~nd there will \)~ a con
tinned and more rapid growth of the ones ~lrendy on the ground. 

E1•ery large industri:t\ rq~iOt\ of the world has developed at p<>inu where fresh 
water is abundant and cheap, nnd where facilities for handling of raw product~ to 
f~ctorics and carrying the finished prnducts to marf.ct> arc well e>tabllshed, and the 
r<ttcs to markets arc reasonable. San Fran~:il<:o Bay, being in the geographical center 
of the Pacilic Coast, is the natural point where large factories will lm;ate. The 
fact that large cities are dose <tt hand, that tr3nsportatiot) facilities :tre established, 
that power is nlnmdnnt and cheap where oil pipe Jines bring oil from th<o fidds 
further south, ~lHi thnt the climate is an mwsually good one for a manufacturing 
business, nre all import~nt. If there is >tdded to these z,zscntial conditions a large 
fresh water reservoir, there will be no ntore favorable location for !Mnufacturing. 
It can be expected that the growth here will be as r~<pid as in an.v other part of the 
country :tnd more rapid th.m has been true at any time in the past hinory of the 
sl:ttc or Padfic Coast. 

WATER REQUIRJ&MENTS OF THE REGlO!'< 

The present water requirements of the region nrc supplied from many ootuces. 
Richmond, on the upper end of San Pablo lh}', is within the East Bay Municipal 
Utillty District, a public organization engaged in the construction of a water supply 
system from the Mohhlnme River. It is to be expected that this dimict will 
purth~se the distribution system of the East Hay W Mer Comp~ny now \\erving the 
territory, ~nd that it will constru.:t such addition~! facilities as may be required to 
supply indn&trial and domestic .requirements of the territory. Wat.:r from this 
system will be costly. The charges of the East !lay Water Compan}' "''eragc nearly 
30 ccntll per 1,000 gallons. Little i£ any reduction in cost can be expected from 
the Utility District unless a p~rt of the expense is raised ns taxes. 

Tbe smnller towns, such as M~rtincz, Port Costa, Benicia, lhy Point, A11tioch 
and l'ittsburg, obt~in water either from wells or by pumping from the river at 
ftc!h water times, or hy small storage reservoirs filled during flood or fresh water 
season. In all of these ·towns water i$ high~priccd (the average pri(c of water from 
the Port Costa Water Companr l$ nbout 27 cents per 1,000 gallons), usuillly of 
inferior quality nt least some time of the year, and there is no great supply it' sight 
to take care of rapid incrc~se in growth of population. l n fact the growth of the 
territory outside of the Utility District mentioned is to • large extent resrrkted by 
its wat~r supply. The Utility District cannot ,;crve the industrial plants on account 
of tlw high cmt of water. 

The construction of a s~lt water harrier will effectively rcnHll'e thi,; deterrent 
to growth, for it will pl;~cc fresh wJtcr of good chemical qnnlity alongside of all of 
these towns, and with the modern methods of liltmtion and ptlrificatiot\ the water 
will be suitable for domestic or any industrial use, The cost of pumpit1g will be a 
small part of the cost of water frum any other known smm:e. 

'The industries now ~<tabllshcd between Oleum ~nd Antioch, on both sides of 
the straits, use 10 million gallons daily nnd the uS<: is increasing at the rate of n 
million gallons daily per year. Enh1rgcmm1ts and extensions to these pl:,nts will 
probably increase this r:.te of growth, 
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l'redictimr as to the future is ha'l.1rd(>us, 
a salt water barrier is built. This structure will 
industries and will encour;rgc the est~blishlllcllt 
btmmls of r~ason to expect 100 mil! ion galloM 
rhe next 2) years. 

industries wirhin 

Drmttstia Suf'Piy fm· Citi&J Tmcrlf. Water for dome,tic is 
higher priced in San Froncisto nnd the East Bay dtic1 than in any other rit\P$ 
of America. This high remit~ from the difficulty of water in quanti" 
ties sufficient to take care of the of these The S;\111<! 
thing tMY be said of smaller cities Straits. Water for ,!omestie 
use has b~cn diflknlt to sccmc, the the qt1ality not good at all time~. 
There is no known way which small communities can grow 1mle~s 
the water supply is ample the needs thdr 

As an ;,xample of this condition, the 
ma;• be dted. This company has made a careful 
securing water, has drilled wc1ls hwestigation, has considered 
storage possibilities in the hills back of the town, and has finally been rcqtiir·~d to usc 
ri,·cr water at such times u this water available, and to supplement this 
with pumps. During much of the the is u:1able to supply ;•mer 
a good <jual it) withmlt gre<lt · 

On the south side of the utraits the water supply f<>r towm of Crockett, 
Martine?, and >urrounding is pro1•ided by the Pon Costa Water Company, 
lRrgely from wells in the neighborhood <Jf Concord, has restricted the 
el<tcnt to whkh these wells can be utili:r,cd and this will be fncccl with 
the very large expense of to distant if the 
of the towr1s continues, 

The town of Pittsburg is from wells and, ,,t ,;easons of the vcar when 
the water is fresh, from the San River. The lim;t to the av~iLtbility of 
underground waters is in sight w1l\ be to great expc11Se to 
secure a water supply if the growth rapid as it ha' been ia the 
P""t. Similar conditions prevail at lltigation called the 
attention of the state tu the difficulties of carrying out its pl~n of 
pumping water from the river. Since !92.0 Antioch has .1 stor.;ge rcscrvoa on 
Lhe slopes to tha south of the city; ir.to which fre~h, writer is .Pumped . the 
early summer, and stored and used m lntc snmmcr. 1 he result :s that wMer ts more 
<:ostly and of poor quality for domestic tlll account o.f the taste of 
stored water in open reservoirs in 

The entire industri;t) are<1< along Suisun and Strait! 1TI:\}' be. said 
rn be restricted in on account of the fact th~t there is nn ea>ily ohtnillnhlc 
snpp1y of fresh water. The result has been a restricted r?te of growth of population 
and an incre~se in cost of water to those who arc 111 the communlty. 

The salt water barrier, to a extent, will rcmo1·c the>c difficulti~s. If the 
barrier is located ot the San Pablo the ent\re arc~ will be cared for. 1f It io 
pla~cd ;~t the Army Point site, the entire upstrc~m will be M ~ fresh water 
lake, The induztrial area bdow rhc upper end of the straits c:<n then Hlpplictl 
from a relatively short pipe line heading abol'e the barrier. 

The reversal of llow, caused by tides at Sacramento, has endangered the citie'' 
W><t<.:l' supply by to back The barrier wi!l pre1·cut thia 
from occurring, as lt .1nd prevent upstrc~m tlow. 
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SURVRY OF RF.GlON r\FFF.CTED BY S,\LT WATER 
The regio:1 .~ffected uv ;;.1h w,;ter include~ the arc;~ from the lower end of 

Straits upmeam to Isleton on the Sacramento River, W,,kdleld Lnndbg 
on Snn Jo<l<Juin, and M<ln$ion Hnusc on Old Rh·cr. lt indudcs Cnrquln~z 
.Strait•, Sllison K1y, Md approxim:ttely one-half of tJ:e cklt.1 on the s,,n ~oaqmn 
and Sacmmento ri\ Cr$, Snn Pablo Bav i~ (){ com~ «llectcd lnlt salt water !>' m-:>re 
nearly a n~tural condition in that bociy of water. Indirect eflects :~re expericn~d 
in all pnm of the water~hed dmining through Carquincz Stn•its and the Ray reg1on 
:md citi~$ which have commerce with these imhmrial ~nd agricultural areas. The 
pmblem, in fnct, is one whicl< interests nll of c~Jifornia, for the pwsperit~· of this 
industrial rcgioll nnd the prospective growth o! this country in some mcM\lre 
~ffc<:t the entire nrca engaged in ngriculture or trade in this part of the Pacific Co~st. 

The region directly nffectcd by the recent ilwasion. of s~lr wate~ ind~dcs the 
cities and towns of Oleum, Crockett, Port Costa, Milrtme;r., llay Pornt, l tttsburg 
ancl Antioch on the south side of the ~traits and Sr1isun Bay, and Vallejo ~11d Ben'cia 
on the north side. Sall w"tcr extends <'S far up>tream as Rio Vista. 

The: estimated population of these towns and outlying territory is in cxce<s 

of 30,000. 
Imlwtrict, The important industries locate:! along the Straits af Carqninez 

and Suisun Bay arc ns follow•: 
l~DUSTR!ES 

Left Btmk: CARQVlNJ", STn"rrs 
!--Union Oil Company .•. ,. ....... 

Refining, casing ~nd shipping petrolcmn products. 
Smelting & Lend C<lmpany ... ,. ........ ... _ 
Brnn~h of American Smelting & Rcfm ing Co. 
Smelting and 1efining non-ferron; metals, 

3--Califomia·Hawaibn Sugar Com party ............... .. 
Sugar refineries, Jarge~t in world, 5,000,000 lb~. a d~y. 

4-l'ort Costa Brick Company ...... 
Mai<cr$ of brick, etc. 

) .. -Grain Warehou~s ............ .. 
Storing, cleaning, shipphtg-principally barlq. 

6-Petrolcum Products Comptmy ................. , .............. . 
Petroleum prodnrts. 

?-Mountain Copper Compan;v..... .. .......... . 
Copper smelting and relining, f~rtilizcrs. 

8-·Shcll Oil Company,.. ., ........... "'"""' 
Rcfi11ing ~m1 shipping pctrolellm prod\Jcts. 

9~··Sollthem Pacific Comp~r\j' .... .,....... ,,. .. """"'"'' , ........... , 
Operatir1g roilro~d and ferries. 

Rig!Jt Bflulc 
10·--·Marc Island Navy Y~r\L ...... 

Rcpails and construction of naval ships. 
It-Sperry Flour C<>mp~ny ................ , ....... . 

Milling of whe~t and other grnins. 
12·-Benida Rarr~r.ks and ArsenaL ......... -., .. ,_ .. , .............. , .... . 

U.S, 
13-Kullman...Sah 

Leather. 

Tot<•JI 

.Olcmn 

.J'ort Co<ta 

.Martinez 

:v!artinez 

.... Vallejo 

., . Tlenicia 
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Laft Bat~k: 'J'orvn 
....... _.j\t!ltl 1-:\ssodatcd Oil 

Rdi11ing and 
2~ ~ Coos Ba~· Lumber 

Manufacturing 
F. B. M. 

v~.:•~rvl<:<un products. 

J-l'acific Coast Shipbuilding 
Ship building-steel and iron 

+-General Chemic~! 

S-San 
chemicals. 

& Sacramento Railroad 

J1.1ostlmportant From Pitt~sburg to Antioch; 
6--llooth Cannery Company 

Canners of .fruit and vegetables. 
7-Hickmott Cannery 

Fish, fruit nod 
8-Paralline Company -----------~ 

Paper board. 
9-Grcar Western Electro Chemic~! 

Diversified heavy chemicals. 
! 0-Rcdwood Mnnufacturing 

Redwood and t~nks 
11 ·· ~Cohunbia 

Steel product!. 
I 2-Pioneer Rubber Company ..... ~ ....... ~~-~-·· 

General rubber products. 
13-i-l:. W. Johns-Man\•ille Company.~ 

Magnesium and ashestos huilding 
!+-Santa Fe Railroad 

····~-~"·----··"~--.ll:t)' l'nhll 
storage 7 5,000,000 

l'oinl 

~ .. Pimlmr!( 

. .Pittsbnr~ 

.. Pitt~bur~ 

.. Pitt~hurg 

.Pittsburg 

Industries in Richmond and along the shore~ of San P~blo lln)· m: as follmw: 
L~Jft Bank--·Belorv Slmitr: 'l'orm 

1-California .Stege 
c~ps for de1:on,ltlt11£! 

2·--Stauffer Chemical Company 
Bulk chemicals from crude ores. 

:!-Metropolitan Match 
Matches. 

... ---~·-- .......... ~-·~Rich munt! 

.... Richmond 
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9-St~ndard Oil CompMy.. .. .......... -~--------~---................ Richmond Point 
Refining and shipping of petrolellm product;, 

I 0 -Philippine Refining Corpt>ration ......................... ~----·------·----~ Ridrmond Point 
Rc[Jning copra ~nd oth..:r vegetable oils. 

11·--Calil'ornia Wine Association .. ~~ Winchaven, Richmond Point 
Formerlr lnrgcst winery in world; industrial alcohol, 

12-Ginnt 1'owdcr "'""""""'" .... ., ... ·--·-------~- .......... Giant 
Dynamite 

13-Herculcs Powder 
Dynamite, T.N,T, other explosives. 

The majority of thc$C c~tnblishments along the Straits and Suisun Bay prod nee 
large ou(J:Illt~ of material and ~rc in the class ordinarii}' called "heal'}" industries. 
They produce products essential to modem life both in peace and war tinu~s. Steel, 
JT<ln, petroleum products of all kinds, drcmools, fertilizers, powder cmd fuse, 
leather, brick and tile, llour and fr!ed, lumber and lumber products, ships and boats, 
sng~r, fish and canned goods arc produced in \'cry hrgc quantities. 

A sllrvey of the plant> between Oleum and Antioch shows an annu~l product(on 
in 1927 of products 1·alucd at $250,000,000. The increase in annual output is 
brge and the growth has been regular. The first large factory to establish ir1 this 
territory was the Sugar Company in 1907. The period up tn 1920 was an active 
one in growth, but since salt water troubl<;s became so promincHt only one new plant 
of large si:>.e has located here. 

Freight in and ont of thi~ district by rail and W•Her, direct!:' attributable to 
these plants, approximated !4,000,000 tons in 1927. Three railroad systems serre 
the territory. Vessels, both river and ocean-going, handle much freight. Oil pipe 
lines from the fields in the San Jo~quin V~llcr deliver oil to the rdincrics, to large 
tank f<~rnls for storage, ~nd to vessels. 

Expenditure for electric power by these industries was $8 00,000 in ! 927, 
Electric power is furni>hed by the Pacific Gas and Electric Company and the Great 
Western Power Comp~ny. The use of power increases every year. Power rates 
ure the s.11ne as in the Bay cities. 

In 1927 these plant~ employed on nn "''erage of 8500 persons, the annual 
payroll amounting to $15,000,000. Comparatively little seasonal employment is 
found-most of the factories run fairly constantly through the year. The popula
tion dependent upon the factories, using a ratio of 4 to l, is H,OOO. 

The it1dustrial territory on San P~blo Bay below Oleum, in Contra Co;ta 
County, is nearly as large as the district described above. lf the entire waterfront 
area in C,mtrn Costa CtlUnly is considered, we find the annual products to be 
$515,000,000; the number of employees to be 17,0()0; the a1\nual payroll 
$29,{)00,000. 

The industries between Olc\lm and Antioch now usc 1 0,000,00() gallom of 
water n day. The annual increase is l 0 per cent or ll million gall oM ~ day, All of 
this water is pumped frolll tide water level when there is fresh W.ttcr in the stream, 
hut some of tl1e f,,ctories usc wells during the s.1lt water period. Draft upon the 
ground water is c~llsing a change in the quality of many well$ by drawing in salt 
water. There is a definite limit to the amount of water which may be drawn from 
nnderground :lOnrccs, and it is npparmlt that this limit has been rc~chcd. 

Factories engaged in the production of l:u·gc qnmtitics of "heavy" products 
ordinarily locate where fresh water is abundant and ca11 he had at the cost of pump
ing, New plnnrs seldom locate nndcr any other rondirions anrl when there a 
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COST OF ;oo,non 
5;1n 

Oakland 

Stockton 

l'Mtbnd 
Sc:mlc 

San Franeisco 
Oakhmd 
Sto<:kton 
Sacramento 

PROBLEM 

OF WATER l'ER MONTH 
l 

181 Reservoir and 
Wells. 
Ri1·er. 

163 Owem River. 
l Ri,·cr. 

9 
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The of Sacramento the h:udness be 
above the retained above salt water barrier. The quality of water 

will be better than any other in Cali fornin shown. 
Hardness may removed from water in modern 

At Columbus, Ol;io, water with average hardness 272 
to 97 pans at a wst of treatment of 2.45 cents per 
of American of Civil l 

One the needs of a fresh water reservoir aronnd which 
f:1ctorics can be located with <JSsurance of a permanent supply of pure w;ltcr. !'rob

in the construction progrmu now under discussion 
of the st:ltc. More factories mean greater 

markets agricultural and amelioration of the 
of of the state. 

i\ salt water barrier at Snn l'ablo or Point ;,itJ rcrmwc the obstacle now 
deterring the location of new industries in region. It will remove tlw 

and will cncomage their more growth. 
industries power, dlicient 

<'nd a dimtttc attractive to 
The salt water 

without doubt, lose many important 

lntere;tJ. San F'randsco 
are used bv boats in ocean-

At the p;escnt time is a traftic 
Stockton, Sacramento and numerous around 

, parts of the year the river traffic extends Sacramento :md 
from vessels land at Straits' 

Point, Pittsburg and 
Tables 6, 7 and 8, 

ports. Traffic by w:ltcr is on the increase. 
in this report, give the tonnage and value of 

carried 

important to 

out, 
boats. 

for Sacramento RiYer 
controlling levels at low 

of The present 

to nll of the islamls ;md reclaimed lands in the 
grown in this country 

and lower river 
and foremost 
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traffic. 
The 
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silt and sand rolled 
''cry J!nc to remain 

water moves and in the tidal 
during the tidal mm·cmcnts. 

bouorn. 

roller ted 1906, a 12 S per cent runoff ycr<r with 
for of 64.5 parts per million 

foot, 0.081 cubic 
silt contcrlt was 

or acre foot. The total 
cubic yards; it was l 50,000 cubic 

p;trt of this matcrhl wntinues 
slow currents permit a part of it to 

w~ter to some extent encourages the 
s;rlt water barrier will have the effect conditions atrectr•d 

detlO!!ition of the silt. Fresh water above b:mier will remove 
effect of salt water flocculation above the structure and there will he a 

for the ;il! to nuried lower th:1n under present conditions. it 
now, llocculation commences in Suisun or the first where fresh 
water and salt w;l!cr mix. Eighty per cent the sediment is carried in the flood 

at rimes when the barrier will be and the current above the 
In these tendcm·y be for sediment to carried 

in StJisur; Bar than under natural conditiom. 
will be the same 
import<mt differ

is no reason to 
Sediment moves to a 

mining ""'''"''""" 
tend to 

that will arrive at tide waters. On the 
benefit rather than harm the n"vigation interests 

debris mlled ~long the stream bortom make up an 

in low 

of the totnl stream load of sediment. Estimates hv the writer, 
the equivalent of from l 0 to 20 per' cent of the 

the bottom. ln recent of silt in the Colo-
Technical Bulletin No. 

when the stream in The barrier, therefore, will 
clfcct upon the mon:mcnt of sediment carried 
the flow in all consideration will be and the downstre<nn 
,·elocity will the same as without the barrier. The bed load will 

or <1! leaH will move as it would do if the b;l!Ticr were not 
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StrltcfllrtJJ .tu H'att:r. 
declror wood bn been 
>inc<: :liJOnt ! 914, P: inr to that 

w:;~.rcr vl~lS present t:i~d"t y-c.u 
thctmd,·<,s. 

of these snuctmcs lwvc 
of 

cnhic ln 
w.tter conditions, On this ;1<:roun1 alone 
:non~, due to the salr water invasio11. 

Under the present conditions, all fntum 
musr be built to resist teredo and other 
cost of wharves, docks, buikhc;H.is, and 
mate 20 to 2S per rent more thnn if 
oJ ~ barrier t(\ the cncronduncnt 
wnstruction nnd wi!i reduce the 

fa:;t a:: O!\Hn 
i;;. ;t C;t;;h fed 

:llT n'>l\i't'f)lf'd, 

th(rt' :',(1ll}r 

THE SALT WXrl\R PROBLEM 

Co:HlitioM in tf1c fun~r,: oll't:r little 
is thiH ttn1css a barrier i::. con::-tt'uctcd the 

'vithont cont\idcr"don of future cxtcn~lon$ or nevv 
from salt water i:1 t>f that in 

the '""iter in the terl'i\ory from Oleum to :\mioch, <m both >ides 
loss from salt water corro>km in cxrcss of thot made 

Mr. Schdkr. Th,• writer h of the opinion that the 1\'crm>:c :mnual loss 
$30n,onO )'l\lr in the pbnt; now opcr;Hing. •· 

Rtli/rrlfllli. The nntl1rnl and most fc:t~lblc direction of tr~l'cl north to south 
acro;;.c Str;~it fnr both vdlicnlar :1nd rail traftk 

rail mad t rrmsp\lrtation is h11mllcd by 
i\CH)$5 thi;1 \\;m•:I'W;H 

Strait···for 

hui!t at San I'nblo P()int, it can scrn: there 

••··""""'"''· need>. A harrier in 
will b: available for rail 

con, 
bridge v.;n~ 

rhc 

formally m:1de 

is one of the sites br Yonng, and 
for a srtlt water 
of the b:uricr 

for th!s lo..·ot\on. The h"tTier ca11 be made 
of the dmtblc: tt:te arc apparent. l r the 

built w ;~cronJmmbtc ht>th and vchinrlrlr trafiic and a proper allowanc,, 
mack for this :<errin:, the' net n>A to otlwr interc>bc c.m he· lowered. This of 
the is discu>Sed l:ttcr iH this report. 

Ferrie.<. The from Hc•nid:> to ]\lrt Cost:1, now to care for 

" m 
D 
" n 
N 
(J1 
,J:lo 
--.1 
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vehicles, could b<! rcphced by a b;uricr at Point or Dillon Pnint. Tla· fut\' 
now operating !rom Richmond to Point San Quentin could rc~dil;· he rupl;u;c<ll>y 
barrier ~~ Snn Pablo l'oint. This slow method of the water b:rrricr nm !11: 

replaced by a modern bridge, with little trat1k and with cost not gn~ah·r 
th~n the present ferry chnrgcs. The in Ca!ifomin is on \tw 
in<:reas<: and travel at:ro$$ the straits will be stimulated hr bridJ;c. Tlw~<' 
is no ct~rtain method of determining this quantity. ' · 

Loc-1/ Sl>ippittJf· The nn the San;\lllcn1o 
and San Joaquin rivers arc seen that there h~s 
been a nearly constant increa'e in <'XC<'pl the of, and fnllow~ 
ing, the World War. 1\t present 2,100,000 tons Qf value of $140,(HHl,OOO .m· 
carried yearly. 

The lncrt>asc in shipping which will 
against sall water will benefit local 
of the barrier will oif>et the 
shipping. 

As shown elsewhere, 
nnd on the whole 

Oceats·horne Traffic, Ocean-borne traffic is rnl'icd, hunbcr a1hl 
petroleum products make up the of the husincss. tahlcs attached 
show the volume of business in to be about million tons, 1·alued nt 
o~·cr $40,000,000; for C:rrquinez Straits tn 5 million tons \'alucd at lOO,OOO,OOU 
to $15(),000,000; San Pablo 4 million tons valuc<i nt over 

Increases in occ~n-borne traffic will follow the building of a anti 
coinpletion of a deep water dumnel to Stockton. The sthmrlation to lndusnl:l! 
pn;duction will gre~tly increase tra!lic fm all d~sscs of vessel$. Ocean shipping 
will benefit by the ability t() dock in fresh water without the menace now caused 
tidal currents, Frc~h water tends to cleanse ocenn l'cssels o( which 
movement. 

The menace to shipping in passing Jocks is so small thnt nn additional 
insurnnce is charged to vessels which nee locks. The ""J"K"~''·us 
provided around l<1ds, greatly reduce the in 
arc the times of greatest difficult:•, The rcmoYa! of 
~t Benicia will prohably offc.et the dangers due to 
foggy weather. 

SOLUTlONS OF THE SALT WATl?,R PROBI,EM 

Several solutions of the salt w.<ter 

1. Salt w~ter barrier. 
2. Storage and release. 
3, Fre$h water brought in by conduits or 

The first is the onlr and the mosl 
problem, The Young report describes the 
territory. 

mcth<>d or ro!l·ing th.: 
lmTicr ~nd it~ efl'ects npon ll1t: 

Tl~e Yormg; Report. Engineer, U. ~. 
13\HC~tl of Rccbmation, has written a on w~ter Barricr-C~lifom\:~, 
Below the Conllucncc of Sncramcnto and S.11\ Joaquin Rivers." Thi$ report is tiMed 
Augu$1 27, 1927, :rnil was made hy the U.S. Bure~u of Rcdnt11ation in coopcr:11iuu 
with the C~lifornia State of Public Works, Division of Engineering 
and irrigation, ~nd Sacrame\lto A$$Cciation. 

The rep<Ht consists of l'olumc of 405 p~ges discussion and 

Tl!H 

hi hh l~illllll Mr. Yuullg describes in detail the various investigation> he has 
lll;!i)ll •:fnll'~Tnttlll' th11 salt watcl' problem. He presents sixteen preliminary designs 
t\IHI it%1hfhrh~l with three alternath•es "in order that tl1er may be readily a,·ai)ablc 
h1 l hr ~~,··o\n>tni<: study which i* wnsidcred necessary in the final determiMtion of 
!Ia; 1\::litihility of the hanicr." He made "110 ~tternpt to study the economic aspect 
llf tho pmhlem uthcr :han l.O C!l\llllCmte the adVantages and disadvantages, as Such :1 

\I'll~ 11ot CIHWidcr~td within the scope of this (his) rtport." The report, 
!lHJ\dnt'e, is ;m engineering study of the barrier so far as concerns its physical 
t~·~¥ihility. 

Thi,, r<:pol't !l<:t<!nnincs wh~t kind of :1 b~rricr should be built to accompli,;h it> 
l'IH'!"I$c, ami presents a large amount of data to show its bearing up011 various 
,tl'\ivltics whi.lt will be all'ectcd by it. Four sltt.'1l were investig.1ted and the merits 
aml ohi<~<:tions t() each are set forth in detail, but no final recommendation as to a 
the is ;undc. 

Tl1c followir!g (}110tation from this report in condensed form the 
!.'$~<'11li:tls indnded therein: 

"SUMMARY OF RESULTS 

"Gettera!. The studies made lead tu the conclusion that it is physically 
f;;as\ble to con~truet ~ salt wate!' barrier nt nny one of the sites investigated, 
hut <tt grcnt expeu$e; ~nd that it will be effective in cot\lrollhlg the salinity of 
the reservoir imp<>unded aborc it. Not only will it protect the delta and 
imlu~trial phmts along the shore~ of the bays, but its construction will result 
in the comcrvlltion of a large p~rt of the fresh W~ter required to lt<:t ns a 
nntur~l barrier ag:1inst im·asion of water under preset\! eonditiom. 

"Witho\lt the barrier, s,'linit\' conditions will become more acute unless 
mountain storage is provided to be released during periods of low river dis
thnrge to act ns a naturnl harrier agaimt invasion of salt water. The amount 
c•stirmltl!tt ~s necess.1ry to ~ct liS a nMural barrier was in excess uf the flow in the 
S:lrr~mcnto River above Rlld Bluff in 1924, and Red Bluff is located above the 
1~•in1s of diversion of water used in irrigating the Sa<:r~mcnto Valley. 

"Tlle $itc$ eelettcd for development by drilling are <:onsidercd geolog
k\1lly $~tisfactory for the type of structure proposed. Although prelimittary 
il~$igns ~nd estimates arc presented for four sites, there are only two gcncml 
plnns involved. A barrier, if constructed at the Army !'oint, Benicia, or Dillon 
Point ~itc, would create a body of fresh water in Suisun Day and in the delta 
(~h~1mcls, wl\ilc a barrier l<l the Point San Pablo site would indudc S:m Pablo 
llny ns w~ll. 

1''l'yf& of l>am Proposed. The type of structure to which principal ctm
!hlr,rntiun is given is one in which the 9hip locks and flood g3tcs arc located 
<'1, tli\C sid(: upo!l rock fonndatiott$1 the closure of the present waterway being 
vlf<·(it'd hy means of an eHth and rock fill dmn to be brought up to it$ designed 
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of bl'idge,, dcaranc·~ will 
t1111l1' "Vt~:tf!i- hence thnn :t.t' prt~:'ent on accnunt of d~\~ jno;cat~c 

''')wc!t'd in emn;ncrcc. 
"!\ f~:,}l 1 ;nldrr 

i11 ;H) ~:nH·rgt'lwy, 

11 Fstlnw!trtl Co;!. 
iun :11 c;H:h of the sites 

in o:rc of the ship lock walls ;111d i4 

the barrier by salt w:\ter from that 
th(o st~tKtnrc is in l\', 

thr r.:timates for the Benicia ,;ltc arc b,1scd 

the cstimotcd cost of the 
noted, partiwlarlr, th;H 

.1~smncd foundation conditions 
as were the other three sites, ,:\nee 1 he ~itc w~s not br 

No '"ill bt.~ nHtdc · 
•p:ik and of no 

he arrived at best by the 
sh<lWtl on the 

cont;tincd in Volume IV. Estimate 
table, and to other 

unique in that Car
of in providing an extra 
bridges are ;<! the 

to allow tll!e prrssag•s 

for its full width, is tnkcn 
llood gate ar.;a, and th<: railro;td and 

('],•vatitl!l to a\'oid the of 

to conscrvalil"e, RcliJw-
rcduction of 

in Luge qllantities and can be 
rail or water, Large mamlfactnring 

arc nc~rb)', all toward low 
nnit costs. The estimates of C<>St are based upon present of material 
;mel labor, Should these it will, of course, necessary to 
m;<kc ad j nstmcnts i11 the c'timates, 

"The bcndits to derived from the construction of the harrier ;m: 
to be commensurate with the tost but :.n economic of the situa· 

l'ion must the of the cost o[ the harrier the reason 
rh:>t so many interests be dirccllv or otherwise, 
The true value of the can be d;tcnnined and a decision reached llS to 
who should contribute to the cost thereof ~ftcr such a study has been 

"Tides mul Floods" 'I'hc mmt critical condition to he met is a combina· 
tion of a Jlood from rhc rh'crs, :< storm on the occ~n tending to pile np 

through the Golden G:tte in the and ntl unusually high 
of p1>St floods leads to the that should 

passage thr(mgh the barrier of not .less than second 

m;;dc th~ clfcct a barrier of the type 
site would be to mise the water snrfacc immediately 

of foot with a of 750,000 second fct't. 
felt less at the mouth of 1 it•c:rs ;ts a n:sult of the 

the rcscn'oir created, The stndks indic:t\e 
from ihc rivers shonld coindtl,~ with a 

Point in !909, hut other
J9J.l, the dev;Hion of 

llhOI'C lllC;1ll llt <'(llll}llltcd 

the St:1te, woul<l 1101 be ,,,,.,Tdcd, 
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the l'oint San Pablo sire would 
for the rc;~s<m that it 

San Bar to the Mare lsbnd 
war l'cssds throngh · loeb. This 

Benicia or Ar;nr 
ill tilt DtJI/<1 CltiiHII8h For ccmvcnicncc the rnkulMcd 

dte, between elevations ·····3.6 :md 

"Silt. 
th.H would be 
disfa1•or br those 
mined the. 

th'' form of 
trJ m;tkc in th1-s 

:~b<>vc c<~ch buricz 
and f(l, U. 

II. 
Engil\ccr has been sum-

ha,; been ;l\lackcc! with tlw idea that any structure 
woult1 bt:: looked upon with 

has not clcfinitclv dctcr-
<.rmc""""''' mnst, thercf~rc, tab) 

""'>!"''";'"' th:1n it \.Y:lS 

"The comtruction of a b;trricr at any one of the sires im·cstigatcd m''} 
han a bcncftcial t>pon the Golden Gate bar rnthcr than detri
Thc monmle~H •>f silt toward San F'raneisco Tl:1y will be checked by 

the constrncdon of barrier at Point, Jlenicia, or Dillon Point. A hcnc-
i1cirtl dTcct npon thz: Pinole will n:sult the construction of a 
barrier Arm:· l'uint Point San Pablo. The elfcct upon Pinole Shoal of a 
h;Hrlcr nt I)iilon Poinr at present indcu_·rminatc, as is also the cfrcct ou s!itin.g 
in S.m Fra,Jcisco of a barrier at l'oint S;m Pablo. 

>Ktion of the tidal cun:c:nt tt:nds to n1;1intain f)T 

srstem remain> to he determined. Should 
. :smnll ln amount and dv:= channels can 

with less effort an<l expense than 
into the mM>hc! would build 

Yallen and in tlw delta 
the 'rea~on that in the 
reH:rvolrs to hold the 

nre:t, onh~ one<! in a nnmhcr nf 
Cl'<'11 though snflicicnt rcs~rvoit sites in which to 

were "''"ilnb1e. 
"The introduction of ''"lt w~tcr into the fresh \\'ater bkc through the 

]ncb can n<>t be hut mc:ms for dr;nving olf this 
,,.,Iter nnd the water up-strc;tlll from the 

:1rc c~:4entia1 to the su<-ce:'sful 

upon them ~ means of 
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the opcmtion the lnrr;,,r .u~ 
re:-::pn·nir ~cn:::tted; \Vater for rhc OpQra-

anHHhl the flood gates; water u:rcd in 
the of 

the except ion of p:tst 
const;mt for the -s;une 

b<1rricr mo,·cd dowmtrcnn and 
upon tile 'election a site. 

to the incrcrr;,ing diilicnlty of maintaining the rcscFoir created 
h,· the b;udct free from dw w;1ter surface to f:>ll, and 

witl not 
Likewise, bcc;w>c of the nature 

ir1 th;tt lw the 
dtimatc maximum :tl!owablc W;tt.;r snrf<1cc for <>f · 

h~ iixcd at 4·.0 feet abol'e mc~n ;ca len:), although L1ter 
that this maximum ~tnragc can be incrc.ued tn 5.0 fe•ct. 

to rlcC'!dc a~ thls tlmc at ·vvhat cle\'at!on the \Valer z-m· .. 
he maintained. To with, it 'hmrld be hclcl 

high k1•el. or the dcrntion 

a constrmt 
the- b,tnicr. Jn years cxtrc:rnc 

dr,11vn down w th<· 'e1c1·ation of me:ol 
to the eie\·~ttion of nlctu\ ]o\vcr ,,_.,Hcl. 

",\s the w;;ter Hlrf:we behi:1d the b:1rricc is lowen~d, the co>t of maintain
the D<·lt;; lcl·cc-·not eon>idcring flonds---.. should become Jcs,; tlh~ cost of 

W;Her out of the lake for ;;n:· hceomes grc·ntcr; the cost of pump-
W;ttcr wo\lld become le>'; the dillicultics of the l:tke fresh 

;1nd the of n.w·ig;;b]e drrmne h wonhl bcwm<' 

in \~arion~ in ordt•r to cconomiF.c on the usc 
of frcndl \V:lt0r .HHl to pn~\·ent entr:n~cc int0 the fn:5h \\':Her bkt' of ,•oi-
umc'> C>f salt water th:;n b\· usc the lock 
which will gates :rddc:d fur the sam<: 

Point 
tl 
.H 

295,()0() 

:\ere Feet 
H H 

that rhc water surface above the h.>rrlcr wonld be nuintaincd 
feet ahon?: Jnc;ln sc;! Icvcl. 
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strudcd or of the elevation 
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reservoir will not 
opcnad, it is apparent th~t considcnnion 
water would tht; scJ,~<:tion of 
Dillon J'oint or if the latter, upon 
structurally." 

Disrm.<iou 
his main ,.,,,.,,e,,,.,,p concll.IHrm> 

arc as follows: 
l. The construction of a w:rtc:r 

2. 

3. 

Point or at one of three sites 

be concluded rh:lt of rhc 
water, it will he 

rh'~ structure. 
the b.wrier 

5. 

6. 

8. 
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at Benicia fm $4-6,20(1,000; JY1.llon Point for $4-4,700,000; at l'oin! 
San Pablo for P5,200,000. 
TlH: barrier will a flood lJf 7 50,(){)0 'econd f<'ct th;Hl flood 
mc:tS\trcd into Bay) with an estimated of 
0.7 of n fout at the bnrriz:r, at Army Point, ;md about foot at 
Collinsville. Water lcnh in the delta under exlr<'me conditions arc esti-
lllated t<' h: below elevations o!' water lw Flood Control 

C>f the stntc. With a harrier at Point San ;he raise in w.;tcr 
WOltld be less tbm at l'oint. 

The barrie:· would elt'eni,·cl)- hancllc both water through 
locks and transport;rtion. 

The barrier would store fresh water and prevent the cncro;lchmcn l of 
now 

'J'hc barrier wl!l prc1·cnt 
The harrier can be 

Cl"ery smntncr. 

teredo from aborc it; location. 

m ~s not ro be a dctl'iment to the 

9. The clc1·~rion at whkh water 
has not been determined. 
ordinnry high tide. This 

maintained dJOvc th<: barrier in summer 
with it should be held a little below 

in more detail in the following 

10. 
pages. 

m~kcs ~10 determination of the economic fc:ature' of the bank:r, 
he recommend a site. 

Two rondusions m~y be gi1·cn further 
)nncasc in (jtJ;nrtity nnd ameliorate 

wat~r .from the Sacramento river may be 
carried across for usc in the San Joaquin valley by rcJc,lsing 

water ~nd withom the construction of the salr water barrier. 

\:Vith reference the first matter, it has been shown that rctnnt seepage in the 
San Joa<Jnin recaptun:d the pumping plarlts on the west side of 
the ,·alley and there now >1<> benefit the return seepage to delta la>lds in 
late summer. There i~ no prospect for increase in rt!turn !low, in fact the increase 

pumping from wells ;11l ol'cr the Yilllc;• nnd new pumps al<mg the riYcr will de
that flow. 

Tn the S:rcramentv \'alley simiLu conditions prerail. !t is not certain thilt return 
on this stre;nn has rc.,chcd a maximum, because a area c\f hmd close 

river tHlt vet 'When this land becomes more 
fnnned, it is to , that it will utilize to a great extent this ""ry return 
II'<Hcr .1nd decrease the net amount which reaches the tidal waters. Return l!ow, 

cannot be upon, in either river, to improve salt W;ltcr contlit\uns 

As to the second matter, it lll;t;' he said that so long "" the tide> ebbs rtnd flows 
there will be the ft)f 5:dt water to penetrate the ddta, just ;ts far or 

since 19!7. In I 920, t 924 nnd 1926, s;1lt 
the principal cormccti<ln bc~wccn th<·. Sac· 

water were drawn up tht> San Jnaqnin, there 
tcndencr for s:~lt water to .Jlcnctnrtc tlw delta and be drawn 

be rcmcmbcrcd, too, that ln ye;m rdca$cd water from 
be rcry diilicult to del iva pa>l the arcJs of ripari:w 
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earn· s.11t lamls. The flow of the rivers will ""'""'""''" 
water bqond Three Mile Slough. no can be ll!Xl;l this 

method of carrying w&ter across the delta. 
m<wcmcnts and the encroachments of salt water. 

ess<~ntilll to prevent tidal 

ELEVATION OF WATER ,\IlOVE BARRIER 

Objection, from owners of delta land, has been raised to the 
that levels alxn·e the barrier might ev·etlt\lallr he raised abo.-.~ 
order that more water might he stored for me by the' towns, 
dustrics around tlle hke above the harrier. 

Young 
tide in 

m:a and i:l-

Mr. G. A. ,\thcrton, who is with the delta 
region as any other person, is the statement a lc1·el of 6.0 feet 
U.S. E. D. (or 2.+ U.S. G. maintained in Sll!llltlcr months ao 
high as can be safely held ~gni11st the delta leYees under present conditions. Accord
ing to him, to CM'r)' water higher would endanger the lcvc<~s, wonld incrcaS<: &ccpagc 
and pumping, ,,nd therefore add maintetl~IKC cost to the delta land owner. 
[t .>hould be understood th;tt Mr. h., reference to the delta lands where 
peat predomin~tcs. 

The answer to this <lrgmncnt th:tt the delta lands will be surrocmdcd 
water unless the barrier is built, but the brrier (;111, \nd shnuld, be 
to du no d<llllage to these peat areas. 

There is !ol1le w the exact between th<> datum of tlt•o 
twu sun·cr~ (U. S. G. S. :.nd S. at1d level of tide,,~ indk;tted by tid<: 
t~bles. lJ, fi. G. S. elcqtions refer to mean <>nd arc ha&z,d upon number 
of n:nr; of obscrnttion. U.S. E. D. levds nrc ba><ed upon mean lo11<:-r 
lo1~ water bul prat:tk;llly nrc taken i1S :L6 feet lower than the U.S. G. S. lc,·el;. 
Tide gage levels arc theoretically based upon mean lower low water b~t 
are referred to the clc1•ation of a on the Prcsi<.!it) tide stlff tn 

ci"co, As near ns can be dcrcrmincd, the U. E. D. nml t3ble datum 
nre not the '"'me, out tho U.S. 1<:. D. datum ~bom 0.63 feet lower. Thi> 
is no~ cx~<:t, ]towcl<cr, and for it m~y be ~ssmued th~t the two 
arc the same. In the dele" region the r~ngc nrles more in diff ercnt part$ of 
the delta than this Vl<rt~tion between the two ;;•stems of measurement. 

lf w~tcr is held at 6.0 U.S. E. D., it will he at less thnn l1igh tide in the 
and in 

tlw 
central t!elt.1. Here the tide rises 7 ,II feet tWo or tlm:..: times i1 

times of southwest storms it hils ri;e.n fl) o\·cr 8.<J. ln 
ckvatinn exceeded l 0<3. With w.1tcr held at 6.0 there v,il! 
and comparatively little increase in pumping out of 
this elevation will permit the dlidcnl of ~~'' 
higher thnn 6.0 at the Golden Gate less 
storm and flood 

nn menace to levees 
w.ttcr. FurtlH~rmorc, 

fr,r salt w.Her is 
time, exdnding 

Any increase in height should be "'"de if it c;Ht be done without metl<KC 
to the island h::vces. In HOrnl periods \\Hter will held lower than would 
occur except in the most extreme tloocl~. Reserroirs which have been constrtJCted <)n 
ncarh• ,,tJ tribtltaric$ of the Sacramento and Snn rinm will nndoubtedlv 
ha1·e 'rhe effect of the of flood;, is little likelihood of~ 
repetition of the. extremes in 1907, ot least such ~xrremes will occnr 

It-"' frequently. 
On the whole. the delta hnds will be with the burrier thnn without 
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it. The one fnrtor of slight!;· itKreased pumping with the summer len:] held :H (>.0 
will be more than o,·crbalanc~d by the freedom from rb,~ present menace of talt 
water. 

SELECTION OF' SITE FOR BARRIER 

Mr. Yonng in his report sets forth the conditions >urrounding the locntiom 
im·csrigated as s!tes for the banicr, The follvwing statement comp.wes the two 
locations-the three sites :nrcstigated ncar the upper end of C:1rquincz Str,,it 
treated as one: 

. lf111tet· Suppl:c Tables attached gh'c the estimated qlt:lntttJeS of v.'ater rc
qu•red for nH nEe$ aboi'C the barrier. The quantities here given arc estimated uses 
when all area abon~ the b:1rricr is dcl'eloped and arc liberal figures, with atl allow
:mcc for i!11shing to remove s~lt V<nter let in by ship locks and lcabge. The figuecs 
~ho11' th~t under these conrlitioM the requirements for the full year are: 

Point S~n Pablo -· ................... " .. 2,024,000 Acre Feet 
Army Point .. 1,!60,000 " " 

Differenn: 864,nno " 
For the irrig.\tiou period Ma;· to September, indn~h·c, the requirements arc: 

Point s~n Pahlo ..... _ -····· 1,236,000 Acre F'cct 
Army ]'oint 638,000 " " 

Difference 5?8,000 

The l~rgc difference <;-OI11cs princip.1lly from the qtwntirr of water rc<JUired to 
locks and t.1e increased cnpon\tion in the lowl\r ~ite, ln other word,;, from 

.to eight hundred thousan~ a<re feet :1rc required to supply the ~dditiona! un
;wordab!c losses from c1·aporanon ;md ship lockages in San P;~blo B";'. 

In the !\latter of cost, Young's estimates ;.how for a b;aricr with :;o feet of 
dt:aranec the fullowing: 

Point gan Pnhlt> ... -·-··· .... 
Army !'oint 

Diffcrenc·e 

..... $ 7:; ,200,000 
49,800,000 

.. $25,400,000 

The convenience to oth~r iutere>ts is of great imponaare. The Mate ls!.md 
Na,·y Yard is located above !'oint San Pablo but below C;trQuine'l. Stmit, nnv.;l nfli
cers will object to the barri('r. On account of the greater n·umbcr of vessels which 
pass S~n Pablo than through tlw upper end of CJrquincz Str>lit .• there will he less 
ob;ectwn to the upper site. 

l3Mriers at both site& will ~crvc as bridges. The San Pablo location will H:plnn: 
a ferry now in openl!ion-tbc upper site in Carquincz Str:tit will scn·c bnth for 
r~i l ~nd vehicubr mffic and will rcphcc two fel'rics. 

The npporrnnity to combine the b~rrier with the f\outh~rn l'acifk Rnilm"d :tt 
l'on Costa ~hould not be Ol'erlool:ed, The Railroad Company is ron!l•mp!:lling the 
construction of a bridge to replace the preRCI\t ferry. I r the t\nny l'oint-Sui>Uil 
!)oint site is selected lw tlH.: railroad, the barrier <:•m nnt lw built on thii site. In 
~Ot!le respects this is th~ most attractin.: $itc nnd llntil linal tlctc·rminatinn i:; m:Hle of 
the location, no permit $hould be gin~n fl>t a bridge anoss this plac;;. 
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STORAGE :\;>JD RELl~.\SE TO CO:\TROL SALT \V.'.TER 

This method of soh·ing the salt Water 111 ,c1·,:;al 
recent publications of the Department of in detnil of 
rhc proposals shows that "s~lt water control'' means the supplying of w;ttc: of lc,, 
than l 01) pam chlorine per f 00,000 to the del til l«nds. Emma ton 011 rhc Sacra-
menta and Jersey Island on the San arc the limits of contwl and no sug-
gestion IMs been made rhat it .-\ntioch or atw 
uf the lower industria! area. the area 

110
,:, 

tllOit seriously damaged. 

Smdies by the Di1·i&ion t'f \Vater bns<:d on rc<:ords th,, n:ar 
1~25 show that to c?ntrol salinity below parts chlorine per the c'om-
lH~cd flow of the Sacramento at SacnllllClltO and s.m Joaquin at Vernalis (both 
pomt$ about the head of tide w;Her in late must cxc,:cd th{) · 
figures: 

Fnr <:ohtrol at 

Emmaton and 
Antioch 

Collinsville 
0.&,\. 

These quantitic' will 
period when contml is 

Feet 
Seto~td 

JSOO 
)()00 

soo 
6000 

~tpon the months 
1·~ry wirh the divcrsiom 

the points of measurement. 
affect the !\latter bv 
Roods. ' 

of 1Natcr ;1bon: tide lc,·el 11 
water forced downstream bv cprinf: 

To effectively of will 
capacity in years. 

ln 1924 in excess of ;\ million acre feet would 
control salinin' at Oakland & Antioch and 370,000 
JcrSC!'· In 1926 over soo,noo ~ere feet would been 
& Antiocb Ferry md 200,000 anc feet at Emm~tcm and 
ilmount would be needed about half the at Emmaton 
year for control at the 0. & A. 

The above is under the a~sumption that 
valleys do not in..:reasc. ,\s Nhown earlier, this 
for there has never been such im:reased 
the period since ! 92+. 
future. Furthermore, 
required for storage control must therefore be 

Release of Horcd water, to control 

and di1·cnions in the,;:: two 
has hcen viobtcd, 

h\lilding stor .. gc rcscn·oirs a> in 
for construction in the near 
Estimates of the 

rcdscd 

a!Jd to the greatest extent in control 
and release, all riparian owners the reservoir nntst agree 
As the l.1w now stands, the nse of su~h fl'S<:!Toir m;w be and it will be 
impossible to prevent, e:tn:ept thruugh the riparian owrler,; fwm 
the rdc~sed W;lter. This dilliculty can be rcmnrcd b;' condemn~don of rights along 
the stream. The problem looks too hrgc hnman nccnmpliiilHncnt in any rc~son-
:~hle time and at an'' reasonable cost, · 

To one acq11.1tnted with water in it does nnr sccrh rcason-
~blc to expert that in the part 5.,000 or more per 
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~cnmd would be allowed to pass pnmps and ditchc<, under which crops were sutTcr
ing, in nrder that salt water could be pushed back into the ocean. 

As t:> the <:<K<t of ~toragc N!S<'n·oirs to accomplish the rdensc for .<.1lt control, 
there is little delinite inform:•tion which pcnnlt< n comparison of com, The fo:
lowing st~temcnts ~re of some intcresc 

Kennett reservoir is prop<Jsed by the State Department of PubJ:c \Vorks "s n 
nnit in the "Coordinated Pbn." (Sec Bulletin 13, Dep.•rtment of Pnblic \Vmks, 
1928.) The recommended rescn·oir capacity is 2,940,000 acre feet; the estimated 
cost of dam and right$ of way is $5),000,000; of power plant $25,000,000; 3 

totnl of $80,000,000. With nltowa:1ccs for prim· rights, tht: mean mnual irrigation 
of reservoir will be 2,838,000 acre feet. ln minimum years the ddkicnc)· 

would be large; !9 per cent in 197.0, 42 per cent in f()24. If this resetToir were 
depended upon for s~linity COOltrol, the entire available supply would he needed to 
control snit water 1t the mouth of the river, le~ving nn water for the area dcpcndit:g 
on this reservoir for irrig~tiot:. In other words, the very year when the rescrToir 
is most needed it would be of little practical use. Furthermore, Kennett is not prac
ticable unless <;pcrntcd to generate clcctrk power. 1f the w;tter is hdd nnd released 
for salt water control, the power; ~luc is greatly dccrcaocd. 

Iron Canyon Reservoir is prop<>Scd as a secondary unit in the "Coordinated 
PI""" (See Bulletin 13 of Department of Public \Vorks.) The rccommcm(cc\ 
tapacit\' is I, 121 ,9f)(l acre feel; the estimated cmt of dam and power plant is esti
mated 'as $26,000,00(); the canal system to utili·t.e this water is estimntcd at $30,-
000,000. Th.e reservoir ma.v he utilized in controlling salinity. To qtlot<~ from th<;' 
above mentioned rep<>rt, page 115: 

"Sanifici11g the power features at lmn Canyon dam would, with 0thcr 
construction unchanged with the cxecptioll of the arrangement of outlets 
through the dam, supply " relefi'~ storage of 364-,600 acre feet of water in 
lmn Canvon rcfcrvoir to orcrconoc, or alle,·iate, the ~•lt w;~tcr mena<:c in the 
delta region should such be dc~ir~blc, Such use is not nd,·ocntcd, h1•t it is 
demoH.m~ted that there nrc possibilitie.1 along this line." 

Should the irrigation fenturc likewise be disregndcd, !ron Canyon would pre
ride a net annu~l irrigation drdt of 800,00() a<:re feet or just about enough water 
to control salt water ns low as the mouth of the ril·er-providcd the wnter could be 
t:llrried past head gates and pmnps on its way to tidal waters. Under this condition 
the power fe~tllre would be sncriliced to a larger extent. It is dillicult to picture a 
dry }'C<•l' wlien water and power arc hoth scnrcc, in which it would be po~sihlc to 
release 11 l~rgec qu~mity o£ w:~tcr, disregarding its best me for power, and h.11c the 
rip~rian and appmpriatlve users of water along the hundred and :lift; mile• of the 
S.1<-ramento River permit this !low to p~ss by uninterrupted to tide l!!;tter. The plan 
docs not look practical. 

Other rescn·oirs may be used for the same pu~pose, that of increasing the flow 
to cm\tml s,1lt water. For example, a rescrYoir on Feather Rirer hM been sug~:c~tcd, 
<1Mthcr on the American at Folsom. Both of the'e rc~crmirs will have l'<~luc for 
power dc\'clopment :md that vnlue will be greatJ,,· reduced if n l.1rgc <llmntity of 
water is held for saline controL The most practical suggestion is in C<Jllll<'''tion with 
,1 resermir on Dry Cr<.>d::, north of the Mokelnmne, the water to he diverted from 
the Mokelumne River. The rights obtained by the East Hay Municipal Utilit;' 
District f•)r storage in Lancha T'hmu Reservoir practiolly climin;ll<.: this rcscn'oir 
from considcrMion. 

In connection with the pmposal for storage nnd rt·kas~ of w~tcr, it >hould be 
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rcmemberc:l that the State 
a temporary expedient, with the 
~hmtt h the construction of the 
the ddt.~ hnds dependent oo a 
which Would be :nranged for at sornc 
C.tll forn ia and the th;H the 
diversions, this is a very water 1\0t one which will 
land owners. Furthermore, the pbn docs not ccmidcr user< below the 
towl\s or industries. 

New industries will not be nttrncted bf any temporary impro,·enlcnt ill water 
c:onditiom. Some penuancnt solution must reached. It important to Ca!ifomia 
to ltan:. the decision mMk at once that the gre;~t industrial cxp;tnsion now going 
on c:m be l\Kated to a nwximum cxtc<lt in this 

WATTm FROM OUTSIDE SOURCES 

\Vater may be brought in from oursick the towns md indu>· 
tries along the Straits ;tnd Suisun ll.1y. lt not the agricnltur;rl };wds 
<:an be rccbimed by any outside sour~e o.t w~ter on account of the high \ost. But 
for the uses of towns and factories it is to secure outside water. 

Under present conditions water cannot be drawn at any point on tide water 
without either running the risk oi getting ;nlt \Wttcr or of interfering with rights 
alrcad;v I'C>tcd. lt ma;- be possible to during the fresh water period into rescr· 
roirs ami to ~'ipe the w~ter t!ms ;dong the watcrfmnt, $Upplying both domestic 
and indusll'ial consum~ts, Reservoirs of Fizc nrc rn·~ibblc in the lVfontcznma 
hills nonh of Suimn and a few reservoirs arc found (Hl the ;outh >ide uf 
the llit)'. No estimate has ken made nf :he cn~t this !Jlcthod. Smrcys berond the 
scope of this rcpol'! would b<o lt is !mown that the rost would be 
tho\lgh .;heapcr thnn any other sout'ce. 

Other ouuidc sources arc: 
Eel Rircr·--a which h;ts bcc11 ;;u~:l!cstc<t £or hoth San Francisco and East 

Bay cities. The distance to !25 miles. Harroun cstin1atc> the 
cost at $22,000,000 to carrr to south sides of Cnn1uincz 
St~aits. 

Conn V nllcr-a smnll 
000 gallons dnily. Covt not known 
present needs and would provide nothing future 

yield of I 0,000,· 
fctrnish a part of 

Putah Creek-a of S•cramcnto north of Dixon, Co>t not known. 
"\lx.lut 50 miles north of Suisun with chims. All stontgc 
at considerable distance in 

Mokelumne or Sicrn1s north of Sto~ktot\. Cost unknown. 
E1•rly rights wnflicting, About 7 5 miles distant. 

Pumped wAter from San Joaquin 
tion districts in the San Joaquin Valley 
the ri,·er to be plH'11pcd out nbovc salt water limit 
towns :t]ong the ba;- through lines. 

East Bay Munidpal District-The m~in !i11c of tbis di>trkt p~ral· 
lela rhc bav $hem: from to Point. To sccnt·c water from it the area 
must enter' the district. The dimict has \'otcd ?i6+,000,000 to a 60 
Htpp!y, \ll,l;ttcr wili he costly if rhc entire cost collected from rates, and 
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is little inccnt1n for Contra Cost~ County and toWr\S to enter this organiz;Hinn, 
The water is too costly fo.r the hea\'Y industries, such as now ~rc located along tht: 
waterfront. 

All of th'Se sources ure so distant at,d costly that the supplies arc more of the 
nature of domestic snpplics than of cheap indu~trial W<~tcr supplies such as arc rc· 
quircd ln any lnrge and growing in<:lmtrinl region. None of them sol\'c$ the salt 
water problem as alfccting coMtruction along rhe waterfront and none of them ,·~n 
pn~sibl)' be made nv~tilnblc for ~gric1tltural industries on the bay lands. 

THE BARR!Ji:R AS A UNIT IN THE STATE COORDINATRD PLAt\ OF 
WATER CONSERVATION 

A plan for the development and usc of all WMers of the state upon a coordi
nated plan has been presented in part to the Legisbturc by the State Department of 
l'tlblic Works, Thi~ plan provides for the st<lrage and uti!IZ<Hion ot all water re
quired in the Sacram~nto V,,llcr and the transmission of excess water to the San 
Joaquin Valley for usc on land; for which insullident water can be supplied from 
local sonrces. The salt wntcr harrier i;; a neccss~r~· unit in this plan, for w~ter cnn 
not he carried through the d~lta with tidal flow bringing ,alt water in antl m:t of 
the chnnnels twice a day. 

GENERAL DEVELOPMENT OF BAY REGlOK 
The entire b~)' region is interested in the !lilt wntcr problem in th.•t the pros

perity oi the rcgiM immcdi:acly concerned affcns the prospcritr of the cities. The 
industrial territor)' along Cnr<Jninc<. Snait is cs~cntial tv the well bcit)g of the ,;·hole 
state. The indu>tries arc fundmnent~l to modern civili1.ation. Oil, gasoline, lnhri· 
cants, steel, fcrtilizeN, sugar, le;\thcr, timber, soda, chlorine, lire-proof rooling, paper 
ho;.rd, brick, tile, t1onr, mill feed, and the remaining V3rictics of mMufactur<.'<l 
prodncts arc necessities of modern existence, To ha1'C them abtmdnt1t and cheap is 
greatly to the adnntagc of modern 

Many of these facrories would be classed as nuisances if located In " large city, 
011 account nf the odors, Canvtinc:c. Strait nnd Suisun lhy have regular winds which 
prcl·ent a S<)l'iot~s nuisance in this local it)'. Other communities arc not so fortunately 
sitt.lnted. 

The ratio of fa<:tory employees to population of towns is about 1 to •k Thi, 
mc;~ns that the populatiotl <>f the towns immediately smrounding the industries 
will grow as the industries rhri1•c. This popul~tion in towns lllakcs a market for the 
pmducts of the dties and the m\lltitnde of manufacturing establishments whkh have 
located in the citie,s, 'T'hc heavy industries in turn fttrnish r~w nuttcrial for u~c in 
the factories in the dtics, 

As a result of thi$ interlocking of intc.rcsts, the l~rgc dtics of the bay region 
have ;t direct interest in >ceing a salt water barrier e,tablished. Bcl1ind it, around 1iw 
fresh water lake thtts created, there will grow up ;\ thriving indmtrin! couunuuity 
engaged in the production of <:s~ential materials which could not be pmdu~ed within 
the dtics themseh•es, 

CALIFORNIA NOW IN THE JNDUSTR!t\I, AGE 

c~lifornia is now in an ~gc of industri~l growth. Appm;dmntel;· Ol1t:-third nf 
the people of the state nr~ engr•ged in mnnu facturing antl merhanir:tl imh1strics as 
<'Olllparcd with lcs~ than 20 p~r cent engaged in ogrlcultur", forestry and animal 
lmshandry (the next largest chss of worker~). 'l'hc prc·sent gr<~wth of the ~:arc is 
due brgcly to the a~tivit)" i11 industrial matters. 
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Students of population growth n:n>gni'l,c of lncrcail<l in population, 
There seems to be ,, definite limit to the number of people that can be n'"chcd in 
any set of circumstances, The of California \'erv well lllustrates three 
or' growth. ln the early days the state, mining was the attraction and the 
life of the conummity centered around the mines. As mining reached its climax 
in the ~e\'cntics, agriculture came to the fmcfrnnt ond there Wil$ a cnntinunus growth 
on this account. 'J'he <:r;r lasted until about 191.5. ln the mcnntime, 
through the discovery oil and the derelopment of the elc(trk~l 
indnstr;•, cheap power was made and manufacturing began to grow. At 
present there is very little actual increase in population but in· 
crease in industrial activities. So far as it is tq sec !n the future, our grmvth 
will be industrial. Agriculturists have lrmncrl to nwre crops with less man 
pt}Wcr and there is wmp.1rativcly little likelihood incrc;rse in 
tural population. The problems of the sr:ne are to a large extent those 
of the people of the towns .;nd cities and ind\tstri:!l areas. 

DISTRIBUTION OF BARRlER COST 

SeYeral interests should >hare in the co~t of this barrier. As has been shown, 
conditions now exi•ting have been bruught about by de\·elopments on the higher 
parts of the wMcrshed, an area nwcring 32,000 miles. The Bay cities will 
be contributing to the salt w11tcr which they propo3c to make 
out of the watershed. The through both valleys arc using 
fre$h 1\'<ller in such a way a> to contribute to the salt water troubles of the delta 
lands and the industrllll territory. The power companies tluough use of water in 
the waterslted also ar!'ect the problem, and in addition these m: interested 
in the incrca~c and prosperity of the industrinl Other puhlic utilities in 
this region have the san\\! interest in its 

The problem is so l:u)~" and its interest$ 
be state·widc in scope .. 

that it may said to 

The federal government through its control of navigation, as well as its 
interest in the prosperity of the is !ikcwire intercBtcd in the problem. The 
C~lifornia Debris Commission and the •md Harbor work under the Chief of 
Engineers of the Army already are in ri1·cr improvement and in control of 
reclamation work so far ~s it ~a·e(:ts !t would rea:xmablc, there· 
fore, to have particip<rtk)n in this construction work by the government, 

Loc.•l interGsts which will rcrei1·e direct ~nd benefits from this barrier, 
such as the towns, cities and lands which can use water from the fn~sh water 
lake above the barrier, should contribute to rhe to~! of the structure. The delta 
hmds so far as they divert water from tide water levels shnuld also be included in 
the area contributing because of benefits. 

Railroads and ''chicular traffic 
should pay the ''aluc of thi$ service. 
trnffiG could reasonablJ contribute n 

It appean; from examination of 
will cnmplcte a buricr with a 
St!ait. i\ detailed econ()Jnic 
the co~t that should be buroe by 

the barrier as foundation of a bridge 
lt seems reasonable tftnt railroad at~<l 1·chicular 

sum for the use of the bridge. 

e$timates that the sum of $45,000,000 
ncar the end o£ c:arquinez. 

rmde to the proportion of 
im oh'cd. 

THE SALT WATER PROBLRM 

SUMMARY 
L Can1uinez Strait marked approximately the boundary between salt and fresh 

water under natural conditions. 

2. Prior to diversions for irrigation, Suisun Day was bradish in late summer and 
salt water may have penetrated as far as Antioch, but only for a few at 
a time in years of lowest ron-off. 

3. lf the water now diverted for irrigation and held in storage were rc1eascd, 
natural conditions would again be bro\rght about. 

+. The dry of 1918, in which the urge of war had encouraged heavv plant· 
in_gs of a~d other crop~ in the Sacramento Valley, resulted in pct;ctrrrtion 
of $a}t water mto the Delta for a longer time and to n greater dist~ncc up
stream th~n ever known before. 

5. Examination of available informc<tion shows that the yearly increased diver
sion of water which had been going on since Irrigation commenced in the 
valleys of California, had hcen gradually affecting tnc mo\'emenr; of >alt 
water. This slow effect was hardly noticed until 1918. 

6. Irrigation and stor~ge are not solely responsible for the influx of salt water. 
The load of hydraulic mining debris deposited in the streams draining the 
Sierra Nevadas is a minor factor in the problem. As the sediment mo;·cs d.own
stream the ridal prism is changed and the movement of water i$ affected. 

7, Leveeing and reclamation of marsh lands, around the bavs ~nd in the delta 
region, have had a slight effect upon tidal movements, Th~ net effect of ]el'ee·
ing marsh land has been to decrease the tendency of salt water to flow up
itrcam. 

8. Leveeing of basin lands and diversion of floods through by·pass cllannels has 
had an important effect in sending floods rapidly to tide water and in reducing 
the late summer flow of water which ntldcr natural conditions was stored and 
slowly released from bMins. 

9. Dredging, particularly in lower portions of the rivers and in the na>igation 
(hanneh of San Pablo Bay, has increased the tendency for salt wrtter to flow 
up-stream. Dredging ln Suisun lhy and in the deep water channels to Srocktor\ 
?uy have the snme tendency. All increases in channel depth and in straighten· 
mg of approach have a rende!\C}' to increase up-~trcam flow of salt water, 
though a quantitative estimate of this tendency cannot be made. 

10. Irrigation now diverts the entire low flow of all streams entering the S•n Joa
quin Valley. The only !lows reaching tide water in late summer and early fall 
are return warcrs-seep~ge from irrigation. 

l L Pumpinj!. plants on the west side of the San Joaquin Valley, lifting water to 
the west side slopes, now divert more water d·~ring late summer than enters 
tide-levels from tne river. The San Joaquin delta under present conditions is 
dependent in !Ate summer of dry years Ol\ flow from the Sacramento l~ivcr. 
Additional pumping plnnt> are being inst~lled and there will be a ~rc:tter 
tendency in the future than in the past for 1alt water to flow up-strc11m into 
the delta chnnnels. 

12. Irrigation in the Sacramento V~lley in btc summer divert; pnrctically all the 
tlow of strcarm entering the valley floor, The flow of the river 11t Silcrnmento, 
the head of tide water, is now largely retum seepage w waste from caM]$, 
The low !low nt Sacramento wa$ 500 >eeond feet in 1920; 2.750 in 1921; 
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THE SALT \VXI'ER PROBLEl\1 

slo\\"> cun1bersome and 
manY y0a.rs} if cV<tr. 
The' o'utcome of 
contentions of 

righB to the waters, a will han: to release w.tler, ;md 
m>ragc rcscn·oirs constructed hr power will be decreased in dli-

wd v;lluc. On the other if the courts tl>at righb 
do not ;lttJch t() hnds on ti<lc water, delta will be furthc:r menaced hy 
water and there will be gr;m:: ro an:a of 
bnd. 

!9. The stcdr of n salt water b.1rricr tmdc by \V,,1kcr Young or the 
11 ~··1 "'""_.;,,·" in with the Dcp;rtment of Pt:bl\,: \.\/orb 

concludes thnt the construction of such ;1 b;uricr 
were lmdc at three sites--Point San }Jablo, Dillon 
The estimated cost of the barrier with and without 

the table on 60. 

20. This burrier will maintain a fn•sh w:.lcr reservoir free from tidal lluctnntions 
ond cnrrents other than those rnuscd by the llow of river water toward the 

Thc lc1'el of w"tcr up-stream of harrier will be maintained at the 
level. Young estimates this Je,•cl nt clcntion 2.5, U. S. G. S., or 6.0 

on tide gage, lt is probable that this hdght of wah~!' will be controlled bv 
condil ions of let·ces in the He as, As these levees become more stable th~ 
Jvvcl can be Increased. levels will not be increased above those of floods 
in the past, in filet llnocl conditions will he in all but the most 
md protracted Jloods. 

21. The salt war,~r barrier, if builr, wili afl'ect agriculture and the industries :md 
actiYilics the :md lower rit·cr i!S shown in the following st1t,~mcnt: 

A. AGRICULTURE 
A salt water barrier at Point San Pablo will make fresh water :n·ailablc 

acn•s of mnrsh ancl 4·8,000 ncrce of high lrrnd 
is no known source of war,,r for this nrca of 

incrca~cd $50 an acre abo\'e cost of 
tion the ltlt.1l increase in v<1lue will he $4,950,000. 

A salt water barric•r in Strait or at Point will n1.1kc 
water available for acres; high lands 

93,000 acres) around Suimn There is no other known sour<'<~ of water 
for this At $SO.OO an ttcre, the increased v,1lue abm·c cost of 
works will $8,150,000. 

Either location barrier will wlve the for the hnds 
now from tide waters in the <ldta and 'I'hc area now 
w;;tcrcd about ncrcs. The total arcn 

4)8,000 acres. area mcnJccd by salt water 
Y;tluc of thi5 lnnd is $35,000,000. ln;provcm~nts ~t 
Yalu<' add rolother $7,000,000. 
There will be some inaemcnt i11 \'rllu'' to all the dclt:• nrca frolll the cccllrit,· 
which the salt wnrcr banicr will nbout, · 

The s~Jr wntcr barrier will benefit rhc aremc UJ1-"r<·:~m from ticbl lands 
'ivhich is nov: a sonrce of e)tpen~c nnd :mnoyancc and 

i~ ;m futt1rc 
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The water harrier i> a 
stMe's of supplying water to the San 
the coordinated plan of water development. lt 

1n 
the 

which should be built. 

B. INDUSTRIES 
Industries area of land along the waterfront of San F'rancisco 
and San J>ablo Bay and Carquincz. Strait, Between Oleum and 
Antioch there. arc seventeen industrial plants and a number of smaller 
ones. On the north side of straits there are two industries besides 
the Mare Ishlnd Naq Yard and Bcnkia A'rsenal. 
These industries are of tht' type, fundamental industries, which 

essential in war :md Steel ~nd iron, 
petroleum powder fuse lenthcr, 
brick nnd and wood produrts, cannccl 
goods and sugar in large quantities. The prodm-ts of thes" 
works have an value of $250,000,000. Freight in and out of the 
district 14,000,000 tons a vcar. for electric 

average $800,000 a The . number of employees is 8500, 
an annual payroll about $1 The portion of 

tion toWM and suburban tcrritorv on these industries 
30,000 inhabitants. • 
The industries are large users of water. At present 10 million 
arc used, 11ot including the Na\-y Yar·d or 
use by the establishments one million 
Imm~diatclv the industrial area abol'c arc 
establislune;tts which could receive benefit from the fresh water 
created above the barrier. If the zone along the waterfront to Richmond were 
included, the ll!llllllll value of products for the whole territory would be 
$515,000,000; the number of employees 17,000; the annual payroll $29,· 
000,000. A part nf this area is within the East Hay Municipal District. 
Since the sal! water menace became widely advertised through the t\ntioch 

only one new industry of large has been established in this 
The factories established ha\'e continued to grow but the 
abont fr<>sh water hns new industries seeking location. 

Fresh water in large quantities at low cssenti•ll to the of 
such establishments. Water from atw existing utilitY or 

too high in for these "heavy" industrial ' 
Ordinarilv works locate where water can be for the cost of pumping, 
and such 'm,mufacturing establishments will not go to ;m)' place where 
ticallv free water is not available. There no other location in 
suitable for industries where this condition can be created. 
The establishment of new basic industries will he attracted to abundant cheap 
water. lf California docs not provide the proper location, Seattle or Port-
land or wme other northern locality will offer inducements and many 
industries will establ!sh l'aci!ic Coast branches these northern cities. There 
are in these other states lurge areas of bnd where pure fresh water is ;~lmnchnt 
and may be had for the cost of pumping from permanent running streams. 
I•'urther than this, rates for water in the cities are than in California. 
l3clow arc the costs <Jf 500,000 of water in the principal 

Pacific Coast cities: 
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Frand~\o 

Onkland 
Los ,l.ngdcs .... 
Stockton 
Portbnd 

\V:ltCT, 

W>Her batricr \Vill 
plomts now lnc11·cd 
offer a 

T WX!TR 
Tf!E S,\L WATER PROBLE\1 

D. TR,\FFlC ACROSS STRAIT 
h{:t\V{~~n northern and sr>ulhern 

Strait. The Southern 
Benicia and l'ort Cosr:t :md 

The Sacr:unento-San 
to lsbnd. 
below :\. fern· am<Hnob>les 

l\ilartincz ;md Benicia: 
an n\ltomobilc is in operntion a short distance below the 

site of the salt water barrier at !'oint SHn Pablo. 
at San Pablo <:.on be made to Serre as n bridge. There arc now two 

for ll\7ar this The estimated cost of these 
to The difference hetwccn the 

estimated by to be 

At Arm:·l'oint a SO feet abo1·e water incre.tscs the cost $3,500,000; al 
JlcnirLr ;r bridge 50 aboYc wnt~r !~vel increases the cost $6,000,000; at 
Dillon Point bridge with clearance nf SO feet increases the cost 
$3,800,000; :1 bridge with cl<~arancc of 135 fcc~t ino·cas<" the con $8,700,000. 

11gnrcs indicate that a railroad bridge ncar the ]Qcation of the 
Southern l'aciftc fern' bctwc>cn Benic·ia and Port Costa will c·O$\ in 

of f, J • this estimat<~ railroad tl'<\nsportation could 
of of bnrricr. Vchiculai· tranic is so rapidly th:rt 

there :t $<;Cond ncros:~ the straits a fcvl ye;:tn;. 

E. POWER COMP:\NIES 

The power arc interested in tlu: salt 
dccrca2cd thci:' m:>rket for 
here and by reducing rhe 

bC('<\U:?C )t h;t~' 

from .locating 

The litigation over water righ\3 ll1i1)" scrionsl)' all'cct their plants supplied 
from $toragr, in the n1ount11in!1~ 

F, FISHING lNDUSTRY 
Fishing in the hay :u<d rivers important. Salmon, sh:>d :rnd arc 

rommcrcial fish, Smelt <l!ld muller fid; arc import:mt 
food for commerdal nrictics. Stnrgcon arc extinn hut 

of the fish and Game Commission to prcYcnt extinction 
incrcMcS in this 

will he an to fish during low wMcr 
plam prol'idc for fi,;hw"Y' belief tl;;H (ish will 
th:\t on the whole the barrie, will not obstruct the migration. 

to :my forms of b.trricr will be raised by the fishing indumy. 
the structnrc is built there will nntmaliy be some obstructi<m to 

ftl'(: migt~tion of tlH' fi>h. It is howeY<cr, that the structure can be 
"' · and to do only a sndl amount of danvgc. 

G. NA\'IGATION 

h.t!Tt<'r ); "" obst;1clc to free mo\'cmcnt of 
that o\\'1\\'1''' of """"ls will 
the 

1rl~ in foggr 
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As to it ma/ be s.1icl dtat the time lost in tr~nsit through 
locks will regained by the frcc,lorn ft om adverse currents abo\'e the loeb, 
While this will depend to which the vessel is bound. it is be-
lieved that for the the likely co be small. 
The danger to to Joe~; is of course but 
with the safegttanl,; now the risk small and there Me 
compensating abillty to dcl<'k without tidal currents, :ts would 
be true above the both in time and reduction of risk. 
The cleansing action of bottoms of veS!els 
is valuable. 
The fear that the barrier will cause channels or will create 
in the Golden Gate bar doc' not seem to well founded, Sediment moves 
almost entirely at flood timc1 when the harrier will be open and the current 
constantly down-stream, The movement of sediment will probably b<~ facili
tated rather than retarded. 
Owners of shipping facilities are of course interested in the growth and 
prosperity of the COilHllnnitie> served. The indtlstrial area which will up 
around the fresh water reservoir above the barrier will for 
\"Cssels at a greatly increased rate, The Suisun Bay 
and to Stockton will be increased to 26 adopted 
by Congrc~s. This dt:pth of chmmel will be for from 73 to 88 per 
cent of the vessels normally entering the Golden rluring a y·ear. 
In considering the location of tile b;mier, the extent of shipping h im-
portant. The farther downstream the the trallic through locks, the 
greater the quantity o£ water required lock operation, and the greater 
will ,be the objection by the shipping interests, In tl1i! regard the upper 
locanon of the harrier will meet with the lcasr objection. 
The Na''Y Yard is above San Pablo site and nnl'al (Jfficcrs will probahlv be 
impres.sed with the difficulties by the barrier in time of war. Here 
we have another and important reason for the selection of the upper site. 

H. STRUCTURE BUfLT IN WATER 
Teredos and other ~nimal• h~ve caused 
in San Francisco waters in excess "f $25,000,000 since 191 
estimates made hv San Fr~ncisco Marine l'ilhrg 
upper hay region; teredos ha\'e as Antioch. All structures built in 
water which may become must be c<mstructcd of treatt!d piks or of 
COIICrete. Brackish water canied up by tides will continue to cause greater 
expense in all ,rructures built in water and maintenance costs. It 
dillicult to measure thi~ damage ln dollars, \'cry considerable sum 
annually. 
A salt water barrier will reduce the nuintcnailCe cost of stn1ctures and will 
make it practical to build structures as as w~s done prior to the 
invasion of salt water. 

I. THF BARRJER AS A ONIT lN THE STATE'S 
COORDINATED PLAN OF WATER 

CONSmRVATION 
A plan for the development and 
ordinated plan has be<~n in 
partment of Public 

THE SAT.'!' WATER PROBLEM 

nf ;~)) water required in the Sacramento Valley and the tratmnission of exec» 
water to the San Joa<1ttin Valley for use on lands for which insufficient water 
can be aupplied from local sources. The salt water b11rrier is ;~ necessarY unit 
in thi$ plan, for fresh water cannot be carried through the delta wit!; tid:1l 
llnw bringing salt water in and out of the channels twice a day. 

J. GENERAL DEVELOl'MENT OF BAY RlWION 
The entire b~y region is interested in the salt water problem in that th~ 
r,r~peri~v. of yhe reJ:!ion immediately concerned affects the prosperity of the 
<ettles. 1 he mdustnal territory along Carquinez Strait is ~sential to the 
well-being o£ the whole stare. The industries are fundamental to modern 
civilization: 0!1, g~soline, lubri<:ants, steel, fertilizers, sugar, leather, timber, 
sod.t, chlorme, fire-proof roofing, paper board, brick, die, flour, mill feed and 
the remaining varieties of manufactured products ~rc necessities of m<:dcrn 
ex!>tt>:1ce. To ha·, c them nbnndant and cheap is grc.1tly to the ildl'unt>gc of 
modem 
Man)' of these factories "ould be classed ~• nuimnccs if located in n large 
city on account of the odor$. Carquinez Strait and Suisun Bay have regular 
winds which prevent a serious nuisance in thi> locality. Other conununitic~ 
are not so fortunately situated. 
The ratio of factory cmplorccs to population nf towns is about l to ·L 
This mca:l& :hat the population of the towns immediately surrounding the 
industries will gro\\' as the industries thrive. This population in towns 
make~ a market for the product$ of the cities and the multitude of manufac
turing e~tabli>hmet\ts which han! located in the cities. The heaVJ industrie• in 
tum furnish raw material for use in the factories in the cities. 
As a result of this interlocking of interests, the large cities of the bay region 
h~ve ~ direct interest in >eeing a salt water barrier cstabli$hed. Behind it, 
around the fresh water lake thus created, there will grow np a thri,·ing indus· 
rri~l comnmnity engaged in the prodU<:tion of essential materials which <:ould 
not he produced within the cities themselves, 

Cr\LlPORNIA :'\OW IN THE IND'CSTRlAL AGE 
22. California ls now in an age of industrial growth. Approximately one-dtird 

of the people of the state are engaged in manufacturitlg and mecllanit:al in
dustries as compared with less rhan 20 per cent Cll,!\agcd in ogriculture, forestry 
and animal hu~bamlr;' ( rhc next largest elm of workers). The prcsellt growth 
of the state is due largely to rhe ~cth·ity in industrial matters. 
Students of population growth recognize qcles of increase in population. 
There 1eems to be~ definite limit to the number of people thRt can be reached 
in anv set of circumstances. The growth of California verv well illustrates 
threc,cydes of growth. ln the eHly days of the state, minh{g was the attr~c
tion m1d the whole life of the community centered around the mines. As 
mining reached its climn in the 70's, agriculture came to the forefront and 
there was n continuous growth on this account. The agricultural era lasted 
until about 19!2. In the meantime, thr<>ugh the discovery of oil and the un
precedented developmem of the electrical industry, cheap power was made 
available and manufacmring began to grow, At present there i~ l"ery little 
actual increase in agricultnr~l population but n brge incrcaw in industrid 
activities. So far as it is possible to see in the future, llur gmwth will be in
dustrial. Agriculturists hal'e learn~d to grow more crops with less man power 
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::md there is comparatively little likelihood ~n;; brgc mcre::"c in 
tura! popnlation. 
The problems of the state are to extent tho>e of the 
of the towns and cities ::md industrial centers. 

SOLUTION OI< THE SALT WATER PRORLEM 
soh:ed in s<:I"Cral wav~ but The salt w;<ter problem may be 

onlY i11 one war. Conditions 
water from rcsc~voirs to push 
sources ma)' be brought in to 
The nnly satisfm:tory solution 

be arnclior~ted by storage ,,,1d rc!c.1se 
the &Hlt water or water suppl;· from outside 

fresh v;;ttc; conduits or 
w::ttcr barrier. 

These methods are bridly discussed 

STORAGE AND RELEitSE TO PUSH BACK SALT WATER 
This method of solving the salt W~\er has been sugge>tcd in se,·eral 
recent ptlblication~ of the Department I'uhlk Works. Examination m de-
tail of the propos;<ls shows that "salt water control" means the of 
water of less than !00 parts chlorine per !00,000 to the delta 
F.mmato11 on the Sacramento River and hlar1d on the San Joaquin are 
the limits of control and l10 !lla<le tha: it is to 
release water to supply Antioch or atly of the lower industri:tl ,1rea. This, in 
fact, lea1·es nut of comidcratinn the area now most dam::1gecL 
Studies by the Division of Water bared on 
192S show that m control salinity 00 pnW chlorine pet· l 
comhincd flow of Sacramento River at S><·ramcnto and the San 
nalis (both poinB ;rbout h~:td of tide water in l~tc gummcr} tnn>t exceed the 
(ollowing figures: 

For C<intf•(ll :tt 

J'mrnaton m1d 
Antioch 
Collinsville 
0. & A. Ferry ·-··-·-··· 

These qu~ntitics will 
period when control i; and 
below the points of measurements. 
level will ,,ffect the matter by 
stream by tloods. 

To 
npncity in years. 
1n 192 4 storage in excess of a mill ion 
control salinity at the 0. & A. Ferry 

Cubic r,.,., 
Per Sec<ind 

3500 
5000 
S500 
6000 

npon the month1 preceding the 
of wurse, vaT)' with the d ivcrsions 

storage of water above tide 
the distance s.>lt water forced down-

feet wot~ld haYc been to 
200,000 acre feet at E.mmaton nnd 

Jersey. 
Storage in lnrgc amount 
and Jersey, and eYery 

would he needed about half the vears :>t Emmnton 
for control at the 0. & A. ' 

The ,,bm·e under that and di1·ersions in these two 
condition has a1 ready been 1·nl!evs does not inucase, As 

,·ioh.ted, for there has never been such Increased in 

rc>cn·oirs as in the since I 92;4. 
smtction in the ne~r future_ Furthermore, 

con
lncre:ne erery :rear. 

THE S_·\LT WATER PRORLEM 

Estimntc$ of the <jUantities l'C<]Uired for ~tor~ge control must therefor<> he nm· 
tinuo11slr revised upwards. 
Release nf stored wate;, t? control salinity? will occur h1 dt}' part$ of the !'Co<r 
ant! to grc~te;t e~tcnt m ctrr ye~n. To eficccively control the right of swr;II\C 
nnd release, all npartan owners below the resen·oir must agree- to !he ttrrangc· 
~lletlt; 1\s th7 },,w 1~ow stands, the usc of such a rcserl·oir may be enjoined and 
1t will be nnposst~lc to pre,·cnt-cxccpt through litigation-the rip;<r'tan 
owners from dn·crtmg the released water. This difficultv ca'' he removed lw 
condemnation of rights along the stream. The problct~ looks tno large fr;r 
hmmn accomplishment in any rcuunahlc time and :1t anv reasonable cost. 
To one :~c<:uaintcd with water problems in C~lifornin, it ~loes 110t seem rcamn
ablc to expect that ln the dr~· part of a dry year <\ llow of 5,{100 or more feet 
per second w<ml.d be atlowcd to p~ss pnmps and d:tchcs, under which crops 
"'ere 1:\ order that salt water could be pushed back into the ocean, 
As to the cost ot storage resen'oirs to accomplhh the relcas<: for salt control 
t?ere is litde definite inf<mnation which permits n comparison of wst•. Th~ 
1ollow~tlg statements are of interest: 
Ke.nn~tt Reicrvoir is prop<r'..cd b)· the State Dcpartnvmt of Public Works as a 
umt lll the "Coordinated Plan." (Sec Bulletin l:l of the Department of 
P\lblk ,Work~, 1928.) The recommended rcscn•oir capacity is 2,94·0,000 acre 
feet; tne estimated cost of dam and rights-<>f-way is $55,000,000; of power 
plant $25,!IOO,rm.o;. a tr:tal o~ $80,000,000; ~ith ~llowanccs for prior rights, 
the mean ~nllual 1rngat10tl ~·teld of reservotr wtll be 2,838,000 acre feet. In 
mini~l\lm ye~rs the ~clicicnc): would he large; 19 per cent in 1920; 42 per 
c~11~ 111 I ?24, If thts reser\'Oir were depended upnn for salinity control, the 
enure al·a,Jahle >upply would be needed to ~tmtrol sal! water at the mouth of 
t~c ril·er, Jca,·ing no water for the area depending on th.is reservoir for irriga· 
twn. In other words, the 1·ery rear when the reservoir is most needed it would 
be of little practical me. Furthermore, Ke:u1ett is not pr,,cticablc unless 
operated to generate electric power. If the water is held and released for soil 
water Colllrol, the power value is greatly decreased. 
!ron Canyon Rcscrmir is proposed M ;l sccondarr unit it: the "Coordinated 
~l~u." (See llul. 13, Dept. of Public Works.) The recommended eapacity 
>S 1,121,900 acre feet; the cost of dam and po\\cr plant is cstim;ltcd 
as $26,000,000; the canal s;·stcrn to utllizc this water ;, cstimat<:d n! $3D,· 
000. The rc~cn·oir may be utilized in controlling salinitr. To quote from 
the abO\ c m<mtioncd report, page l I 5; 
"Sacrificing the power feattnc ~t Iron Ccnyon dam would, with other .-on· 
struction unchanged with the exception o£ th" arrangement of mnlcts thron~th 
the dam, supply <1 reserve storage of 364,600 acre feet of water in I run Call• 
yon resen·oir to overcome, or alleviate, the salt Wilttr mcn;tce in t}u, lh•lt;t n:• 
gion should such be de$irable. Such use is not advocated, but it is dcmmtstrntd 
that there are pos~ibilities dong this line.'' 
Should the irrigation feature .likewise be disregarded, Iron Canyon woul1l jli'O• 

vide ~ net ~nnu~l irrig~tio1l draft of 800,000 acre f crt nr j 11~1 .dmut t·twu~:h 
water ro control salt water as low as the mouth or the riv~:r·.~~"prnvidt:,l the 
water cou!cl.be carried past head gates and pump,; on ih wny t<t tidal wall!rs. 
Under this condition the power feature would be sacri!in·,l tt> ,, l:trgcr extent. 
It is difficult to picture a drr ;rear when water and pmwr Mt: hi>th !C3fl"C, in 
which it would be po«sible to release a large qu~ndty <)r wnt.:r, disregarding 
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New industries will 11nt 
conditions. Some perm:1ncnt 
California to }ron: the 

now 

l'ROBLE:\1 

WATER FROM OUTSIDE SOURCES 

LOCATION OF B:\RRIF.R 

and conrcnicncc to other interest; 
The following 

TilE S,\LT W,iTER PROllLEM 

l1'ater Supply. The ;1tt~ched tnbles gi\·e the rc<joircmcnt; for J'rcih 11:Hcr 
above the barrier upon the assumption that dcvelomnc,n is wmpl<:tc. Tl"'''' 
filillres, in part, are taken from the Young part are the result' of 
studies mndc for this investigation. 

for the fnll year are: 

}'or the irrigation period May tO Scmc:miJer 
Army Point .... " ................. .. 
Point S~n Pablo. ............................................. . 

1,!60,000 at:rz: feet 
2,024,0()0 , 

86-1-,000 " )) 

Additional storage on the headw~ters will be rcc1uircd to supply the harrier at 
S;;n Pablo. 
Co.rt. 
feet 

estimate of cost of barrier with bridge of clc;>r><nce of 5 (I 

Point San Pablo ............................................. . 
Arm;- Point.. .......................................... . 

. .$75,200,000 
----- 4-9,800,000 

Dilf erence ........................................................... -$2 5 ,4·0 0,000 

Couoeniwre Otl~~tr ft;tert:sts. San P<tblo site is bdow the ':\'hrc l'l;~nd 
Yard, a great obstacle. Nnvy men will be ag«inst the projc!ct. Ship-

interests will be more inconvenienced with the lower site At 
present about two-thirds of the vessels that Point San Pablo up· 
stream above Armv Point. The San site will be a convenience to 
vehicular tratlk. 'i'he Army Point site will be convenient for both vehicular 
and railroad traffic, though at present 1·chicular tra!lic is cared for h: the 

f'lNAL CONCLUSION 

lf the salt water h:lfrier is hullt at Army Point to earn• vchkles and raiiroad,, 
and the part of the cost paid by- these interests; the salt w:>tcr pmblcm 
can be and than by any other rolntion that has 
he en 
The cost of bridge for rail and automobile traRic at Army Point culli<)t be 
,lctcrmined without mor1• work than is in an itwcsrigadon such as 
this. It can be taid, lwwcver, that the cost will exceed $! 0,000,000. 
1\utomohilc trafiic ov<~r the Carquinez Bridge (which l1as been in me lcs' than 
,, year) is at the rntc of approximately 1, l 00,000 autonwhiles a year and 
gnm·ing rapicll)'- There will he economic justification for an auto bridge at 
Ben ida before it can be built. Automobile trallk will j nstify an expenditure 
of iwer $! fl,OOO,OOO. 1"he two combined will be Ol'er $20,000,000. If rhi' 

is tnk<:n n~ the value to tLil1$portation, there will be left, npproxim;lld:·, 
eqn:~l som to be paid by other benefits. 

lrr>n Can\'tm Rescn•oir, the 
' n>ntrol, will cost 

for 

j•rt lll·ltll'lllly '<olvc rhc dinicultks 
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,\BLE I J 
AVERAGE MILES TR,\\'ELED BY W:\TRR BARGE 

CALIFORNL~-IL\W,\ll,\N SUGAR COMPANY 
y(,'!lr Jnn. l'eb, Mar. Apr. Mny }'\'tn(' July Aug. Se~t. o,t No.,-, Dec, 

I?Oll 19.8 11.6 I 2. 5 14.0 12.9 111.7 26.3 26.8 33.2 27.1 24.8 25.7 
19()9 6.9 0 4.5 7.7 5.0 ·1-.7 10.5 19.4 24.2 21.0 ll 
1910 9.6 10.0 3.8 3.0 6.4 10.8 20.4 26.7 25.·~ 2+.6 !9.7 
1911 ! 1.6 2.3 16.2 !.Q 2.1 0.7 5. 16.4· 23.2 24.1 2+.7 25.5 
1912 22.0 16.1 14.5 12.7 8.8 7.1 !7.6 24.7 2·~.4 24.2 19.1} IS.) 
[913 16.4 13.6 ! 3.2 9.9 6.9 10.3 .0 25.7 26.6 27.8 26.1 20.·1-
19!4 2.1 1.2 1.6 2.5 2.2 3.4 !0.3 :ao.n 24.4 24.5 23.9 23.7 
1915 16.4 2.3 3.! 4.3 2.6 3.7 l 20.8 24.4· 24.2 23.0 1 .5 
1916 4.9 0.5 1.0 2.3 6.4 5.8 I :22.6 25.0 21.7 2\.2 15.4 
1917 160 13.1 6.5 6.3 3.) 4.8 15.) 24.9 26.2 26.0 2$.1 24.4 
!918 24.3 l s .1 9.6 6.2 9.2 1 ).1) 38.5 37.2 23.0 23 1 21.0 
1919 20.4 9.4- 7.7 5.7 4.3 14.1 37.7 26.8 25. 25.5 
1920 23.8 ?.4.0 17.2 12.0 !2.9 17.4 

3} 

COMMT\RCIAL FISHJNG--SM\ PABLO AND SUISUN Il..\YS AND 

19!9"'' 
1920 
1921 
1922 ....... ,,.,,,,,.",. 
1923.. ... , .• 
1924 
1925 
1926. 
1927 ...... -

s~h'fit"tl 
N;Hivc 

Total,? Years .. 22,510,701 

2,501,!89 

TJ1c ntn of ftah witt \'1!!T irotTt 
kn6wn fa<:tols. ' '" 

Shu! 
PhmtNI 

1,573,711 
t,409,.nz 

797,1 
I, !09,445 

34 

RIVERS 

7;9,733 
668,290 
5 99,(;98 
682,7 7 
906,869 
658,244 
836,30 l 
749,S7 3 
644,789 

6, ~06,2!4 
722,913 

Tottd 

6,862,494 
5,937,92:4 
3,907,953 
3,557,228 
4,436,148 
4,837,089 

44,!75,247 

4·,908,361 

A low or high t\l\1 fen• :-'C;tr mJy not mc.1n :~b&4iut{" csidcnce l."hhcr incte-Mc wr 
dt:".:re.ue in the llpecic-s. 

lo;v t'Url saimnn in 1927 does not ncctS:litrily me;~n still Fm cxllmp lt", the 
lowtl' nm in a11d simiLn-ly with llhad rcvcne trndei'H:y, 

flm\"cver, tlwr~ e:.ccm,a to he n generill dc--.rt:':lM! in 
rmd ~ ~tatk condition in 
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Pi 11ole Hercules 
San Ptlblo 
Richmond 

Total 
High Schools: 

Antioch 
Pittsburg 
Alhambra, :vt~rtinez ...... "' .. 
John Swett, Crockett 
Richmond 

[TABLE 61 
WATER-BORNE TRAFFIC 

COUNTY 
1921 !927 

18 158 
454 731 

l !485 
!62 

792 1068 
108 
572 617 
99 12S 

132 !98 
258 217 

282 
HiHl 3997 

91!8 

!2! 
!19 
61'5 

1037 

8299 

U. S. F.NGINEER!NG DEPARTMENT DATA 
(Tottd and Values iu 1'/tor.smuis of Tom aNi 

of 
Suhnm l'hy Carquinez: Strait San ""hlo 

y~;tr Ton~ Vnlue Tl)n~ Vnlue ~ront 

!917 Do Data Incl. in San Pablo ! ,946 $212,')92 
1918 No Data Incl. in San 11~bln 4,330 
1919 305 $ 7,034 T nd. in San Pablo 4·,6H 
1920 433 13,877 2,079 $97,991 1,696 
1921 562 19,670 1,720 19 
19:22 1,329 32,006 Nn Data 
1923 2,65? 43,764 No Data 2,466 
1924 2,341 51,066 No Data 4,200 
1925 4,204 88,670 7,673 183,()0() 
1926 4,20.S 90,687 7,8H 1 

Totala are only lih(>Wn where d:tt:t complete 
ln arlctitlon to Jbovet tn 19:26, thctc Wil$ ll)t;d of 

077,616 to or from the s~cnnnento aorl San 
thro'ugh Cnrquhu~;: Strait Howevert all 
the above D:ay di\'ision, it nppears there nbo. 

152,206 
184,476 

)4,620 
96,177 

118,234 
109,022 
156,999 
234,409 
260,,920 

Grn:ndTotnt 
Vi:lhlC 

4,939 191,5 I 
4,208 166,488 
4,31) 

16,631 )O(>,(J79 

16,7 !li 4-87,129 

Railrnad ferry freitrht traffic neru1r!i: Cttrt)Uinc;{ Str;dt w-:u2 hi 1925, 2,706r000 tnti.i: 1 in 
1926, 2,650,000 tuns, 

y{',\f 

1926 ... 

THI•; :lALT WATER PROHLEM 

7] 

OCEt,N-GOlNG W:\TER-BORNE 'l'RAFFtC 
U.S. ENGlKEERING DEI'ARTIV!F.NT JWL\ 

of 
S\1iaun Cantulncz Strnit 1'-;~blo fhv Gtanil Tnul 

Ton~ !'on1 Vahn:: 

2659 $43,823 Sl88 $147.+8'>' 
2495 41,173 4264 !07,228 

'Y,ms 

4-0ll 
3866 

Value 

$66,999 
58,94-2 

! 1,858 $2S8,307 
0,625 207,343 

D.at~ d-o not :l scpMnt1nn of btl~' husiness fn>n1 oce:ln·gi)\1\g buninesu pn:~villll~ w 
192St Carf!ulnc:t Suuitt~ thtu (•J'Hhely hcking for t!wc 

"the nulgnitudc the Petr<>kmm Pn>du<:u traffic and the 
ocoetlries are when the followinl( tnhlee are 

Canwtnct Strait S.1n Pn~h-• D-ay Grand "fct,t1 
Yt:M 1~otH! V.1lue Tons. V;~,luc Tons V;tlu<: 

1925.. "2464 $ 4415 $ 49,562 3837 $4S, 14 10,7!6 $129,667 
1926... 2168 3409 40,454 3708 43,837 9,28 ! 17,914 

OUTGOING 1lAY AND OCEAN WATER-llORNI; PETROtEt'M Pl<.oDt:CTS 

!92L 547 $4!0,811 2949 $ 38,217 10!'! $19,783 4,515 $ 78,81 
!926... 615 29,989 2746 3S,1'!7 91-0 4,301 89,023 

Ridw1f1nd pl:t!\U, 

[TABLE 8] 

SACRAMENTO AND SAN JOAQUIN RIVER TRAFFIC 
U. S. ENG!NEERlNG DEPARTM.l!NT DAT,\ 

(Tom1age aNd. V,tlues) 

Sacramento Rive-r Snn Jna<ttHO Rivr,_r 
v~::!r Tot)S Value ·Ton~ Value 

19HL. 496,147 $ 29,522, IS 1 631 ,6R I $ 32,878,108 
191 505,285 32,139,04-S 600,128 35,768,215 
191 477,292 Z7,7S5,325 (>32,59! 38,854,539 

1913 ..... """" 7.33,594 H,856,791 820,399 38,341' 174 
1914. 721,'090 3!1,211,760 772,116 3S,179,741 

766,93 s 38,027,7(}3 ,234 36,358,2.40 
875,71!0 +6,90~.~93 82+,222 42,179,160 
947,690 96,820,992 !,890,856 50,367,760 

1.053,510 113,991,123 7.,114,382 65,20•},ll25 
1,666,025 i'l\,60 1,238 647,!56 S4, 1 00,04·3 
1,377,7110 53, 94·6, 146 {)94,306 42,2()3,211 

976,596 52,092.,263 646,657 17,263,!22 
1,291,135 60,606,728 678,7Sl 34·,29 (,675 
1,264,821 62,470,235 3 38,()27,909 
1,796,10> 58,662,997 727,491) 38,!85,3!3 

l92i .• , 1,427,230 80, SoO, 14S R4\l,li87 47,192,499 
1,222,993 85,3 [ 5,284· 9.i4,li11'J 56.45 ),662 

Contains odu1 tntn'f'mellta bt'l'"<~.:cn rh·t·r twinh <>nly. 

" m 
n 
:::c n, 
N' 
1.11 
J::>, 

"""' 
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<) 11 12 
Fish Ladd;:r. ... "' 35 35 35 
Industries, etc n2 322 
Gate Leaknge ! 66 166 

Oper. Locks 

F.vapo~at!on 2$0 300 \!1)0 500 ~00 

Irrigation ..... 

Tot«ls, S. 1628 

W:\TI':R RF.QUlRl·:J\1 WATER RI.RRIER 

~ 10 1i 

Fish L~ddcr 3S :l 

Industries, ISS ! 5 s 
Gale Leakage: J{,(, 166 !66 166 

Opcr. 246 246 246 

Evaporation 1!0 !46 

200 

Totals, s. F' 

THF S.\LT WXI'I-:R l'lWHI.E\1 

[TABLE l !] 

WATER REQUIREMENTS AI50VE SALT WATER U,\Rltll'.ll 

WHEN r'ULLY DEVELOPED 
( QmmMtieJ in ilt:re Feet) 

Anny lloint P<~inl !\~w P-th:!n 

56,000 lliZ,S!lll 

February 52,Sfi(l 95,5011 

March 62,000 1 t 5,000 

65,000 1 ?.3,000 

Mny 98,300 184,000 

!47,500 256,000 

I l,Ql)() 305,000 

:\ugust lH·,OOO 277,000 

September 117,00() 14,000 

October 1,000 137.000 

Nor ember 61,000 ! 15,000 

December 54,500 100,000 

Tot;lls 1,110,000 2,02·h00() 



lands !rrlgable from Barrier ..... 

lands menaced by Saft Water, 1924 ....... 

lands now irriaated from Salt Water level 

SACRAMENTO & SAN JOAQUIN DELTA 
SHOWING LOCATION OF 

PROPOSED SALT WATER BARRIERS 
AND AREA AFFECTED THEREBY 



SACRAMENTO & SAN JOAQUIN DEL A 
SHOWING SALINITY OBSERVATION STATIONS 

fl INDICATES OBSERVATION STATIONS 
Of YeAR 1924. 

Penetration Salt · Approx. 200 pts. per 100,000 
l»l~;- for !>l4h""" m.tint,.inll<l in o!hor >"'""~' """ t;tb\o 

Report by 
THOS. H. MEANS 

April 1928 
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State Water Resources Control Board 
August 7 1 2012 FLOW SCIENCEc: 
Page 2 

provided to the City included simulated salinity levels at the City's intake for the 16-year 
simulation period (water years 1975-1991 ). 

Flow Science reviewed the results of the BDCP DSM2 model runs received in 
2012, which showed that under almost all modeled conditions, the water at the City's 
intake in the western Delta was predicted to become significantly saltier than under 
current conditions. For future conditions, the BDCP model runs incorporated both a no
project alternative (which incorporated varying levels of anticipated sea level rise) and 
with-project alternatives. These model runs generally showed that the BDCP project 
increased salinity significantly as compared both to the baseline (existing) condition and 
to future conditions without the BDCP project with sea level rise alone). 

The BDCP model runs reviewed by Flow Science indicated that the period of 
time that the City of Antioch could water at its intake (i.e., when water at the intake 
had a chloride below 250 ppm, called "usable water") declined significantly with 
the proposed project. This effect was acute late smnmer and fall 
months of wet years; time periods, model results showed that usable water \Vould 

present about 80% of the time for and model runs, but that 
usable water would be less than of time the then-preliminary 
proposaL 6,000-cfs BDCP indicated significant salinity impacts 
could occur in the western Delta, indicating it may not be of diversion so 
much as which it is operated in salinity in the western 
Delta. 

addition to 

moae1mg nei'tOimt~d in 
a 

western Delta. 

With respect to salinity and chloride concentrations at the draft 
for the Project (February 2012) concluded as foUmvs: "Based on the additional 
seasonal exceedances the municipal objective and magnitude of long-term average 
water quality degradation with respect to chloride at Antioch, the potential exists for 
substantial adverse effects on the municipal and industrial water supplv beneficial uses 
through reduced opportunity for diversion of water at Antioch and Mallard Slough with 
acceptable salinity." (Draft EIRJEIS at p. 8-183, emphasis added). 



RECIRC2547 

State Water Resources Control Board 
August 7 1 2012 FLOW SCIENCE!; 
Page 3 

Potential Impacts of "New" BDCP Project. On July 25, 2012, Governor 
Brown and the Obama administration outlined revisions to the proposed BDCP, including 
a change in the amount of water to be diverted from the Delta via new intakes and a new 
9,000~cfs tunneled conveyance. We understand that the operating mles are currently in 
development, as is the environmental analysis that will assess the potential impacts of the 
proposed project. DWR has indicated to the City of Antioch that they do not currently 
know if tl1e proposed project resemble the alternatives already modeled. 

For this reason, the City of Antioch is not providing additional quantitative 
infonnation regarding the impacts of the (future) proposed BDCP project on salinity at 
Antioch's intake on the western Delta. City looks forward to 
inforn1ation, and we will provide additional submittals, including quantitative 
assessments of the salinity impacts to western Delta, to the State Board 

proposed project becomes available. 

any case, it ""''"'"''"" that impacts as a result of proposed BDCP project 
at the City's intake are likely. 

for upstream agricultural operations began in 1918, 
western Delta, Salinity monitoring data 

rl.UUU\.<11 has increased further from 1965 to and that the 
mcrease salinity continues in recent years. 

Salinity intrusion under current management conditions occurs earlier in the year 
(currently beginning in about March, as compared to June~July historically). Salinity 
intrusion also persists longer; currently, the period of high salinity persists for about 10 
months on compared to about 5 months on average for unimpaired flow 
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State Water Resources Control Boord 
August 71 2012 
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conditions (i.e., without any current management operations but with the current Delta 
channel configuration). 

Antioch's Request. As outlined above, Antioch believes that it is in the City's 
best interest, and in the interest of the Delta ecosystem, to maintain freshwater conditions 
in the western Delta. Thus, the City requests that: 

• Given historical conditions, salinity should not be allowed to rise (and outflows 
should not be allowed to decline) beyond existing as required D-1641 
and operations criteria. 

• Compliance points (such as compliance point currently located at 
should not moved landward. 

• The consider using the gauging station at Antioch as a point of 
interest for monitoring of both salinity and flow conditions in western Delta. 

e Board that mitigation is provided to 
uses of the BDCP project. 
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ATTACHMENT A 

supporting documents 



2010 

Division of Water Rights 
State Water Resources Control Board 
Attn: Phillip Crader 
P. 0. Box 2000 
Sacramento, 95812-2000 

Dear Mr. Crader: 

RECIRC2547 

u"'"''"'" has been diverting Sacramento River water for drinking water use 
western Delta since the 1860s, and as such, and 
to the current proceedings to establish Delta flow 

position western Delta, is also with the ecological health 
the long-term viability ofthe and 

opportunities. 

Phil 
Director of Capital Improvements 
City of Antioch 

matter. 

Water Rights 

City of Antioch: Document #1 

to contact me 

1 of2 
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Attachments: 
«~ City Antioch's Witness List 
• City of Antioch's Exhibit Identification List 
"' City of Antioch's Response to Key Questions 
• City of Antioch's Written Summary 
• City of Antioch's supporting document- a powerpoint presentation on historical 

salinity conditions 
• City of Antioch's supporting document- A report by Thomas Means (1928): 

"Salt Water Problem" 
• City of Antioch's supporting document- Excerpts from the DWR (1931) Report: 

and Control of Salinity in Sacramento-San Joaquin Delta and Upper 
San Francisco Bay" 

• Antioch's supporting (1960) Report: "Delta Water 
Facilities" 

Page 2 of2 
City of Antioch: Document 
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Testimony by City of Antioch: Witness List 
SWRCB Delta Flovv Criteria lnfom1ational Proceeding 
March 2010 

WITNESS IDENTIFICATION LIST (Revised January 29, 2010) 
(Due 12 Noon, Tuesday, February 16, 2010) 

Delta Flow Criteria Informational Proceeding 

Scheduled to Commence 
Monday, March 22, 201 0 

The City of Antioch plans to call the following 
witnesses: (name of individual participant or group of participants} 

NAME PROPOSES PARTICIPATION ON WILL THE WITNESS 
THE FOLLOWING PANEL(S) SUBMIT TESTIMONY 

note panel number) (no if only responding 
to questions) 

Susan C. Paulsen, Ph.D., Hydrology (Panel 1) and Yes 
Vice President, Flow Hydrodynamics (Panel 5) 

Science Incorporated 
E. John List, Ph.D., P.E., Hydrology (Panel 1) and No 

Principal Consultant, Flow Hydrodynamics (Panel 5) 
Science Incorporated 

Phi! Harrington, Director of Hydrology (Panel 1) and No 
Capital Improvements and Hydrodynamics (Panel 5) 

Water Rights, City 
Antioch 

Matthew L Emrick, Hydrology (Panel 1) !d No 
Special Water Counsel Hydrodynamics (Panel 5) 

the City of Antioch 

1 of 1 
City of Antioch- Document 



Testimony by City of Antioch: Identification List 
SWRCB Delta Criteria Informational Proceeding 
March 2010 

EXHIBIT IDENTIFICATION LIST 
(Due 12 Noon, Tuesday, February 16, 2010) 

Delta Flow Criteria Informational Proceeding 

Scheduled to Commence 
Monday, March 22,2010 

PARTICIPANT: _____ __..;::T.,:;:h:.:;,e..;:;C;:.:.i.:..tty...:o~f..;;;.A.:::.:n::.:t~io:.::;c::..h ___ _ 

Exhibit 
Identification 

Number 

Exhibit Description 

Antioch Doc City of Antioch's Letter 

City of Antioch's List 

Antioch Doc City of Antioch's Exhibit 

Response to Questions 

Page 1 
City of Antioch -Document 
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Testimony by Antioch: Response to key questions 
SWRCB Delta Flow Criteria Infonnational Proceeding 
March 22 201 0 

Response to Key Questions 

Delta Flow Criteria Informational Proceeding 
March 22,2010 

The following are brief "bullet-point style" responses to the five questions posed by the 
State Water Board in its original notice. The written testimony and the supporting 
documents submitted by the of Antioch elaborate on these responses. 

Key Question #l 

RECIRC2547 

What key information, in particular scientific information or portions of scientific 
information, should the State Water Board rely upon when determining the volume, 
quantity, and timing of water needed for the Delta ecosystem pursuant to the 
board's public trust obligations? 

• The current Delta ecosystem is very different than the historical Delta- both flow 
salinity are altered compared to historical conditions. For example: 

1111 since European settlement in the 1850s, dramatic changes to the Delta 
landscape have occurred, including removal of tidal and building of 

channels 
and since the 

in the upstream watersheds to 

,....,. .... n·..-., or documents, pages or chapters should 
• page number references been provided in the 

supporting documents. 

What does this scientific information indicate regarding the minimum and 
maximum volume, quality, and timing of flows needed under the existing physical 
conditions, various hydrologic conditions, and biological conditions? 

Page 1 of3 
City of Antioch: Document #4 



Testimony by of Antioch: Response to key questions 
SWRCB Delta Flow Criteria Informational Proceeding 
March 22 2010 

• Historic Delta was significantly fresher than the cun·ent Delta. 
e Characterization of the Delta as "historically saline" is false and is not based on 

scientific evidence. 
!1! Salinity intrusion under cun·ent management conditions occurs earlier (timing) 

and persists longer (duration) compared to unimpaired flow conditions (i.e., 
without any current management operations but with the current Delta channel 
configuration). 

• Salinity has continued to increase in recent years at Antioch. 
• The fraction oftime that water at Antioch is suitable for use (when salinity is< 

250 mg/L chlorides or 1000 J..LS/cm has declined significantly. 
• Historical fresh conditions must be considered any effort to restore ecological 

conditions in Delta. 

With respect to biological conditions, what does the scientific information indicate 
regarding appropriateness of flow to control non native species? 

• This question is not addressed in the submittal. 

is the kvel of scientific certainty regarding the foregoing information? 
• Salinity and monitoring data were collected 

which are and reliable. 
• Testimony evidence presented is consistent 

,.,,.,",..,t"' measurements made by & 
Corporation during the early 20th 

from tree rings sediment cores 
report). 

t~ salinity should not 
allowed to decline) existing 

operations 
e points should not be moved 
• should consider using gauging station at Antioch as a 

RECIRC2547 

'"'f<""'""'<et for monitoring of both salinity and flow conditions in western Delta. 

2 of3 
City of Antioch: Document #4 



Antioch: Response to 
Informational 

#3 

trust resources, 

was 
Thus, the 

water the western 
historically 

be 
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SVlRCB Flow Criteria Informational Proceeding: March 22,2010 
EXHIBIT: Written Summary: City of Antioch 

Summary 

State Water Resources Control Board 
Delta Flow Criteria Informational Proceeding 

March 22, 2010 

Exhibit by City of Antioch 
Summary of Historical Freshwater Availability at Antioch 

RECIRC2547 

The historic (pre-1918) Delta was significantly fresher than the current Delta. The 
characterization of the Delta as "historically saline" is false and is not based on scientific 
evidence. Historical salinity and flow conditions must be considered when: (i) 
establishing Delta and inflows to protect public trust values which adapted to 

conditions, establishing the (volume, timing and quality) required by 
Senate Bill 7X 1, and establishing drinking water quality standards for the Delta. 

1. Introduction 

located along the Joaquin River in the western 
San Joaquin River Delta (Delta), is one the oldest toV\rns 
Antioch has all or part of freshwater supply 

directly from the River. 1 The of its position in the western 
Delta, is also concerned with the ecological health of the Delta and long.term 
as a recreational "''"'·""'"" 

the Delta, 
conditions near Antioch and 

IJV<C'-'H'" modifications to the Delta that affect salinity intmsion began 
region around 1850. Tidal marsh in the 

decreased from over 250,000 acres in the 1870s to than 30,000 acres in the 1 

1 Much of the water in the western Delta (including the water supply) comes from the Sacramento 
River, Historically, significant amounts of Sacramento River water flowed into the San Joaquin River east 
of Antioch at Three Mile and Georgiana Sloughs. Sacramento River water also reaches Antioch where the 
river merges with the San Joaquin River just west of the City. ~~-"'-'-''-'.!.!.!"-"""'-'-'-'---'-'-~='-=== 
~=~~(1922) 188 CaL 451,455 

1 of5 
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SWRCB Delta Flow Criteria Informational Proceeding: March 22, 2010 
EXHIBIT: Written Summary: City ofAntioch 
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has since continued to decrease (CCWD 2010), producing significant changes in the 
Delta landscape (Att. at pg. 7). For example, dredging of the Delta river channels to 
create the Stockton and Sacramento Deep Water Ship Channels affected the salt transport 
and distribution in the De Ita ( CCWD 201 0). Construction of reservoirs for storage 
purposes started in the early 1900s and the largest reservoirs of the Central Valley Project 
(CVP, Lake Shasta) and the State Water Project (SWP, Lake Oroville) \Vere completed in 
1945 and 1968, respectively (CCWD 201 0). Total upstream reservoir storage capacity 
increased from 1 million acre-feet {MAF) in 1920 to more than 30 MAF by 1979 
(CCWD 2010). Water exports from the Delta been steadily increasing since the 
1950s, and the combined annual exports from CVP and SWP have increased, on average, 
from about 0.5 MAF/yr in the late 1950s to about 5 MAF/yr during the recent period (Att. 
at pg. 8). 

3. Historical extent of freshwater 

from the lawsuit filed by the 
literature reports demonstrates that 
western Delta in the late 1800s and 

of Antioch in 1920 and from various 
(low salinity conditions) prevailed the 

1900s. 

1920, the Town upstream inigation districts 
the upstream diversions were intrusion at Antioch (Town 

of Antioch [plaintiff! v. Williams Jnigation et al. [defendants] (1 188 
1 )). testimony from the Antioch lawsuit provides a of the ~-...... J 

prevailing in the early 1900s. 

3.!.1 Pre-1918: 

the 
was obtained directly from the Joaquin (see footnote 1 

about 1866 to 1918, by private water companies and then by the u"'"'"'"'~-'''""" 
I 903 (when the acquired \Vater rights) (Att. at 12). Plaintiffs 
testimony included salinity measurements taken at Antioch (1913-1917) that indicated 
that prior to 1918, freshwater was available at even during dry years and the 
fall (Att. at pg. 12). 

Page 2 of 5 
City Antioch: Document 
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Flow Criteria Informational Proceeding: 2010 
EXHIBIT: Written Summary: City of Antioch 

3.1.2 Post-1918: Increased upstream diversions drastically increased salinity intrusion 

Testimony and measurements fi·om the Delta (1918-1920) presented by the plaintiffin 
the Antioch lawsuit indicated that after 1918, salinity abruptly increased during the 
irrigation (rice cultivation) season, but returned to a potable level after irrigation ceased 
(Att. at pg. 13). The effect of upstream diversions was also confirmed by records in the 
plaintiffs testimony from Califomia & Hawaiian Sugar Refining Corporation (C&H) 
(CCWD 2010). Plaintifi's testimony indicated that although Antioch is located along the 

Joaquin River, the source of much ofthe water at Antioch was the Sacramento River, 
which t1owed to Antioch via Georgiana and Three Mile Sloughs (Att. at pg. 14-15); this 
was confirmed by California Supreme Court (Att. at p. 15). 

uu~vwu lawsuit is consistent with literature ""'"''"'-r" 
with paleo records of salinity and flow tree 

2010). 

water quality 
~-······.; control (Att. at 

4, Current Salinity Conditions at Antioch 

Salinity data compiled by the Interagency Ecological Program (IEP) and California Data 
Exchange Center (CDEC) were used to analyze the present availability of freshwater at 
Antioch. These quantitative measurements from the present were compared to the 

3 of5 
City of Antioch: Document 



SWRCB Flow Criteria Informational Proceeding: March 22, 2010 
EXHIBIT: Written Summary: City of Antioch 

testimony from the Antioch lawsuit and to observation recorded by C&H to establish 
how salinity at Antioch and in the westem Delta has increased over time compared to 
historical conditions. 

Availability of freshwater at Antioch continues to decline. Antioch may take water at 
intake when salinity is less than 250 mg/L chlorides (equivalent to about 1000 ~iS/em 
EC) 2. The of days per year, expressed as a percentage, when daily average 

RECIRC2547 

salinity at Antioch was below 1000 ~iS/em EC declined from about 70% in the late 1 960s 
to about during the recent period (Att at pg. 19). 

Even in years with above normal runoff in the Sacramento watershed, freshwater at 
Antioch is available than historically (Att. at pg. 20). For instance, during the above 
nonnal water year 2000, water at the City of Antioch's intake was below 1000 ~iS/em 
for the day tor about four-and-a-half months (early February through mid-June) 
and for a portion of the day at low tide for another three-and-a-half months (mid-June 
through September). For the remaining four months (October-January), water at the 

exceeded 1 ,000 ~iS/em EC for the day, regardless of tidal stage. 
lawsuit prior to 1918, water at the City of 

was 1000 ~iS/em EC for the entire day during above-normal years 
fall months. 

uu.''"''"'" during the present is higher 
). the period 1985 to 2009, the 

salinity was below 1,000 j.!S/cm about one-and-a-half 
low tide daily salinity was below 1 ,000 ~iS/em 

the Antioch 
at the City of Antioch's 
but the driest 

Suisun Bay, obtained freshwater 
"""

17
"'"' was not at Crockett, C&H used that 

on Sacramento and San Joaquin Rivers to procure freshwater. 
measurements of distance to freshwater from Crockett, recorded during barge 
operations, serve as a surrogate the historicalextent of freshwater in the western 

1 The freshwater salinity threshold of250 mg/L chlorides at the San Joaquin River at Antioch is based on 
the 1968 agreement between the City of Antioch and DWR. This threshold is approximately to 
l 000 flS/cm EC, based on the site-specific empirical relationships between chloride concentration and EC 
(K. Guivetchi, DWR Memorandum dated June 24, 1986). 

4 5 
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SWRCB Delta Flow Criteria Informational Proceeding: March 
EXHIBIT: Written Summary: City of Antioch 

2010 
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Delta. A compaTison of C&H data during 1 908-1917 and estimates3 of distance to 
freshwater from Crockett during the post-S WP construction period ( 1966-197 5) indicates 
that salinity intrusion into the Delta occurs on average about 4 months earlier (in March 
instead of July) during the post-SWP construction period of 1966-1975 (Att. at pg. 17). 
Comparison of C&H data from 1908-1917 to estimates of distance to freshwater from 
Crockett during the period 1995-2004 indicates that salinity intrusion during the recent 
period not only occurs earlier (by 4 months) but also extends farther in to the Delta (by 
about 5 to 20 miles) (Att. at pg. 18). 

5. Conclusions 

• Prior to 1918, freshwater was almost 
tide. Only during dry years and 
become brackish. 

available at at least at low 
high tide conditions did salinity at Antioch 

$ Between 1918 and the late 1930s, drought conditions, upstrean1 water diversions, 
and channelization increased the salinity of water at Antioch. 

• By 1 940 the drought receded, but salinity at Antioch remained elevated. 
«~ has continued to increase in recent at Antioch. 
• The fraction of time that water at Antioch is suitable use (when salinity is< 

250 chlorides or 1000 J.!S/cm declined significantly. 
• Delta was significantly current 

6. Request 
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Great Expectations: The Story of Benicia, California_ Fresno. Califorma. 24! 
Means. T. !928. Salt Water Problem: San .Francisco Bay and Delta of Sacramento and San Rivers, San Francisco. Calitornia. 

April 1928. for the Association oflndustrial \Vater Users of Contra Costa and Solano Counties. 
Tolman, C. F and J. F. of the Ground-Water Supply of the Columbia Steel Company Pittsburg. 

Ca!!fornia Stanford University, May 30, 1935. 
Town of Antioch v. Williams Irrigation District (1922, 188 CaL 45 J). 

These estimates were made using IEP data in CCWD (2010), which will be presented by the Contra Costa 
Water District during this informational proceeding. 
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• SWRCB s I review and incorporate 
historic salinity data into its analyses 

• SWRCB should use historic data to 
establish n historic baseline of water 
quality and flows for both fisheries and 
drinking w ter quality standards 
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9 

with increased upstream irrigation diversions, 
Valley, had already given rise to 
channels 

1 1, pg. 

Carqu 
Strait (Western 

DPW (1931}. Bulletin http://www.archive.org/details/variationcontrol27calirich 
Means, (1 and Joaquin Rivers, California, April 
1928. A reoort 



Location 

Benicia, CA 

(Suisun Bay) 

Pittsburg, 

Quotation 

r 
I 

an artificial lake was constructed. 

1980, pg. 131) 

~~ 1889} construction began on an artificial lake for the [Benicia] arsenal which 
would serve throughout its remaining history as a reservoir, being filled 

the first time many years that it had grown very 
brackish during the dry summer months." (Tolman and Poland, 1935, pg. 27) ~ 

~----------------~----------~----~----------------~------------------------------~n Cowell, J. W. 1963. History of Benicia Arsenal: Benicia, California: January 1851- December 1962. Berkeley, Howell-North Books 
Dillon, R. 1980. Great Expectations: The Story of Benicia, California, Fresno, California. 241 pp. 
Tolman, C. F. and J. Poland. 1 Investigation of the Ground-Water Supply of the Columbia Steel Company Pittsburg, California. Stanford 
University, California, May 1 

:;!;! 
n 
N 
V1 
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•Antioch lawsuit i 1920: Town 
District et al. efendants ( 1 

Cit of Antioch- Su 

Ult: 
tto 

Antioch [plaintiff] 
, 188 Cal. 451) 

Williams Irrigation 

•Plaintiff alleged that upstream diversions were causing increased 
salinity i 

•Testimo defendants i Antioch lawsuit (from the supporting 
Supreme Court record on file the State Archives) CWO, 201 

•In the late 1800s, water at Antioch was known to be brackish at high 
u i me periods. 

•Antioch was able to pump fresh water at low tide throughout the year, 
with the possible exception of the fall season during one or two dry 
yea . 
•Water at Antioch was apparently fresh at low tide at least until around 
191 (when the mping plants started pumping continuously, 
regardless dal stage). 
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i I 
a 

I 

Cit of Antioch- Su 

I 

Testimony from plaintiff i the Antioch lawsuit (from the supporting Supreme Court 
record on file the State ives) 

•Antioch freshwater supply was obtained directly from the western Delta 
from about 1866 1918 ( . 47 -48). 

•Prior 
in the 

1 1 , freshwater was available Antioch even during dry years and 
II ). 

Date location Salinity (ppm) 

191 (Sept; a dry year) Antioch 66 

1916 (Aug. 5th; wet year) Antioch 22.3 

1916 (Aug. gth; wet yea Antioch 1 . 

1916 (Sept 19th; wet yea Antioch 1 1. 

1917 (Sept. 1 ; wet yea Antioch 1 1 . 



ntinued) 

irrig o 
irrigati n ceased ( 

Location Salin 

4500 

6000 

iversions is also confirmed by 
ugar (see CCWD 10). 
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aw u1t· 
n 

•Testimony from Qlaintiff in Antioch lawsuit (continued) 

•Plaintiff testimony asserted i 1 "the amount of water which the 
San Joaqui carried was dependent entirely upon the amount of water in 
the Sacramento," nd that "the San oaquin itself carried practically no 
water all. I other words, 

r 
" (pg. 1 ) 

•Water ivered oaquin River from the Sacramento River 
via two main conduits: Georgiana Slough and Three Mile Iough. 1920 
flow rates i laughs were basis of the assertion uoted above. 



Antioch: Document 

• "It . 

River 
th 

m additional facts to explain 
and why 

. . . rom the 
, one about eight [Three Mile] 

ree miles [Georgiana] above its 
hie parts of its waters scape 
ghs and into the San Joaquin 
bove the place of the diversion 

" Town of Antioch v. Williams Irrigation 
)1 I. 1, 



City 

DWR (1960, pg. 13) found freshwater was available at San Joaquin River Antioch: 
•85°/o of the time under "natural'' conditions 
•80°/o of the time in 1900 
•60o/o of the time 1 
•50o/o of the time by 1960 

14 
0 eo 

40 

Note:- report did not Include of 
reservoir releases for salinity control 

1900 192:0 IMO 

DELTA WATER QUALITY WITHOUT SALINITY CONTROL 

DWR (1960). Bulletin No. http: !lwww. deltacorridors. com/uploads/Bulletin_ No ._76 _Delta_ Water _Facilities-Color. pdf 
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• Pre-191 
tide. 

hwater was I most always available at least at low 

• Between 1 1 nd e late 1930s, drought conditions, upstream 
water ns, nd an elizatio increased the salinity water 

An 

• By 1940 
elevated. 

Salinity co nu 

• The fractio 
salinity 
significa 

• "Histo · 

u ht receded, salinity at Antioch remained 

i recent years at Antioch. 

water at Antioch is suitable for se (when 
chlorides or 1000 ~S/cm ) has declined 

was significan y fresher than the current Delta. 
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FLOW SCIENCE~ 

1. Historical fresh conditions must be considered in any effort to restore ecological 
conditions in the Delta. 

We believe that it is essential for the SWRCB and its Independent Science Team to 
consider the historical salinity and flow conditions within which the Delta fisheries 
thrived, to ensure that the Delta flow criteria and other standards vvill ensure the 
protection of public trust resources, i.e. the future biological and ecological integrity of 
the Delta. 

Systemic changes in the Delta over the years have reduced freshwater flows and 
dramatically increased salinity (Antioch testimony, Document p. 1). Infrastructure 
and flow diversions have changed distribution and timing flows, and 
historic conditions were far fresher than current conditions (Antioch testimony, 
Document p. 2-4 & Document #6, p. 1 ). 

It has sometimes been contended that the Delta vvas historically 
our oral testimony (and as documented City's written u:;;:,tuttvu 

Document while the experienced variability 1n f1ows 
the variability especially in 
early summer in Water District's submittal "Historical 
~-<r~•ch<nr<>'t<>r and Salinity Conditions in the Joaquin Delta and 
Suisun Bay" (at p. v and p. 47), while variability the levels 

current 

to so ,,..,~ .. """'"' 
cmr1~mru~~·ect in establishing appropriate flow 

Delta channels themselves 
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FLOW SCIENCE~: 

3. Because of these changes to the Delta, flow now plays a more crucial role than in 
the past, in order to maintain or improve physical habitat and water quality in the 
Delta. 

We encourage the SWRCB to explore and document the biological significance of the 
historical changes in flow and salinity regimes, and to consider this information in its 
recommendations. It is critical to keep in mind the significance of Sacramento River 
flows on the health of the public trust resources the Delta. 

Closing Recommendations 

l. SWRCB should consider, and incorporate historic salinity data into Flow 
analyses. The City of Antioch and Contra Costa Water District have 

provided valuable data regarding historic Delta and lower salinity conditions. 
SWRCB should use historic flow and to establish a baseline of water 
quality and flows to restore public trust resources in the Delta. 

3. SWRCB should ensure that flows are not reduced, nor salinity increased, beyond 
levels assured by D-1641 and cunent Ideally, the SWRCB should 

to more proximate historic of low salinity. The 
is not historic as this is not 

practical and could potentially impact other beneficial uses. 
historic lovv levels supported native must 

Delta 
4. 

5. 

6. 

to contact me or 

Susan Paulsen, Ph.D., P.E. 
President and Senior >JvJlvuu"' 

cc: Phil Harrington 
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723 E. Green St., Pasadena, CA 91101 

(626) 304-1134 • fAX (626) 304-9427 

November 11,2012 

Resources Control Board 
1001 I St 
Sacramento, CA 95814 

Via email: 

Subject: Bay-Delta Workshop 3 -·Analytical Tools for Evaluating the Water 
Supply, Hydrodynamic, and Hydropower Effects of the Bay-Delta Plan 
FSI 064136 

Dear and Members of Board, 

RECIRC2547 

is pleased to submit comments for 
Board (State Board) during 

f>THT-rP•rrn viability as a recreationai ae~mncau,on. 
comments Bay-Delta 

Recommendations to the 

to "''·"·" "'''"' 

located along the San Joaquin 
Joaquin River Delta (Delta), is one 

obtained all or of 

comments 
water 

to 
comments are organized ( 1 

operations model; (2) evaluation of water sources and relation to water quality; and (3) 
modifications necessary to habitat and sea level 

eC()mmena,atH)ns are provided end of each comment. 

1. Modeling should be extended to include recent years to allow validation of the 
operations model. Most Delta modeling studies evaluate a period of record that ends 
approximately ten years ago. For example, the studies that are currently being 
conducted to evaluate the potential impacts of the Bay-Delta Conservation Plan 
(BDCP) evaluate an 82-year hydrologic period extending from 1922-2003. These 

Pasadena, CA • Philadelphia, PA • Harrisonburg, VA 
w w w.flowscience .com 
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studies use modeling tools such as CALSIM II to "re-operate" the system--i.e., 
historical hydrology is used as the basis for simulations current operations and 
operations rules. 

However, have occun·ed in the in which water 
resources is operated 2003. For example, Judge Oliver Wanger 
delivered a number of decisions beginning in 2007 that reduced the amount of water 
that could be from the Delta, and that imposed specific requirements for 
flows within the Delta (e.g., Old and Middle River ("OMR") flows). Although these 
operational changes are simulated by CALSIM II, the models are not being used to 
simulate hydrologic conditions 2007 or Thus, model results for the of 
2007-present cannot observed conditions in the Delta 
time period, and it that the models 
new conditions. 

The City 
2007-present to 
under current 

2. The source water in the Delta is an important determinant of water quality 
and should be considered when establishing water quality standards. Much 

water in western Delta the 
Sacramento 
flowed into 
Sloughs. (:)a(;rru:ne:mo 
the 
Delta. (See 

1, 455.) 

sources 
water sources. 

%V'-'UU'JH.;> within the 
samples were to H>P•nnn 

South Delta. Specifically, concentrations 
magnesium, strontium were used to develop ''fingerprints" Sacramento River 
water, Joaquin River water, and water from San Francisco Bay, and to calculate 

1 S.C. Paulsen, 1997. A study ofthe mixing of natural flows using !CP-MS and the elemental composition 
of waters. Ph.D. Thesis, California Institute ofTechnology, May 22, 1997. 
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the fraction of water from each of those sources in water samples collected at Clifton 
Court Forebay and at Bethel Island, in the interior of the Delta (see Map below). 

Map. location of the City of Antioch's drinking water intake. Clifton Court ~'-'"''"""h"'" 
Bethel Island, and Three Mile ore also shown, and ore 

these comments. 

1, 
water at Court Forebay 
water at the State Project originated from the 
bars indicate the fraction that in the San Joaquin River, and 

small, near the top of the from the Bay at 
Martinez. (Note that it was assumed, mathematically, that all the water at these 
locations originated from the three sources; sources of water interior to the Delta were 
not considered, but were relatively minor.) 
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Figure 1a: Source tractions determined at Clifton Court l'orebay 
using source "fingerprints" 

Figure 1b: Source fractions determined at Bethel Island 
using chemical "'fingerprtnts" 

1. Fraction of water at Clifton Court (panel 
1 b) that originated from the Sacramento River1 the Son 

and Francisco Bay at Martinez. of sodium, 
and strontium were measured in daily samples collected at these locationsi 
"source fractions" were calculated to add to 100%. 

As shown Figure 2, soditun, a surrogate for salinity, was one of elements 
measured at Clifton Court Forebay, the entrance to the State Water Project. Figure 2 
includes open which show the sodium concentration measured in water 
collected from Clifton Court Forebay on a daily basis. The shaded bars indicate the 
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sodium in those samples based on source fingerprinting - i.e., the 
water in each s that was calculated 
to have originated in the two rivers and 

small of the water 

Figure Source!~ and concen!ra!!on of sodium at Clllton Court For~bliy 

Island 

and sources sodium at 
Court and Bethel Island from the 
Sacramento River, and Son Francisco Boy at Martinez. 
circles show concentrations of sodium measured at these locations; colored bars show 
the concentration of sodium from each of the three major sources of water to the 
Delta, calculated from source shown in Figure 1. 
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These results were used to validate source fractions predicted by Delta models. 
Figure 3 shows source fractions predicted for this time period by the Fischer Delta 
Model (FDM); results obtained using the Department of Water Resources Delta 
Simulation Model II (DSM2) are not shown but are similar. In general, the model 
reproduces the source fractions that were calculated from direct water chemistry 
measurements quite well, giving us confidence that the models can simulate the 
source of water within the Delta with reasonable accuracy. 

Sour<:<> fraction& &~mutaUJd •t Clifton Court F<m!ooy 
using lh" Fischer Della Mod<!~ !FOMI 

F!gU!'1> Sb: Source fm<:tkl<ts sinlU- lll Bl!tMl 
""log !he Flscllfi ~ M<xloA !ftllill 

3. Source fractions predicted by the Fischer Delta Model (FDM) at Clifton 
Court Forebay (panel 1 a) and Bethel Island (panel 1 b) that from the 

River, San Joaquin and Son Francisco Bay of Martinez. Results 
the DSM2 model (not shown) are similar. 

Model studies have confirmed that, over a much longer period, very little San Joaquin 
River water reaches San Francisco Bay, particularly during dry conditions. for 
example, Flow Science 2008, Effect of Increased Flo-w in the San Joaquin River on 
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Stage, Velocity, and Water Fate, Water years 1964 and 1988.) Most San Joaquin 
River water is diverted within the Delta (in-Delta consumptive use) or exported from 
the Delta. 

Future changes to the Delta may include the construction and operation of water 
intakes in the North Delta (as proposed by the BDCP), which would export 
Sacramento River water from the Delta. Some fraction of the river's flow, which 
formerly flowed from Sacramento River into the Central, South, and Western 
Delta, would be diverted before it reached these areas of the Delta. In addition, 
exports from the South Delta, which historically have been composed primarily 
water from both the Sacramento and San Joaquin Rivers, would or even be 
eliminated during time periods. 

Changes in the point at which water is the Delta would a]so, theret.ore 
change the composition of water within the Delta, and residence of water 
within the Delta the time period water is resident in the Delta before either being 

Antioch's prior 
process that indicated that 

to the Bay). 

presented preliminary model results the BDCP 
proposed project would increase salinity at the City's 

were simulated to be particularly large during the intake. Salinity 
summer and months normal wet years, and 

projected to occur as a 
That testimony is incorporated by reference is not rPr\A<ITPrt 

the potentially '"""''""'r'" 

The City recomnte.nas 
changed residence 
effort to establish 

use 
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3. Creation of new habitat, combined with sea level rise, bas the potential to alter 
hydrodynamics and salinity within the Delta. As noted in prior testimony, habitat 
creation can result in unintended consequences--e.g., depending on the location and 
design of new habitat, salinity levels in the western Delta could be as a 
direct consequence of habitat creation. 

In addition, models typically retain current geometry when simulating new habitat. 
However, flooding new areas may affect hydrodynamics throughout the and 
will certainly affect currents and sediment transport in the channels adjacent to the 
new habitat. Over time, there will likely be erosion in some areas and deposition in 

which in turn will affect velocity and turbidity. The ge()ffii)!1J 
v<AW.:>vU by should into the models, nPrh<ln 

Similarly, models typically retain the current geometry when higher 
water levels that will occur with sea level models typically assume that 

will upward to the new water 
which implies a sea wall will be built along 

Bay all Delta channels, is dearly it is 
would be built to prevent inundation of the salt ponds that are 
restoration in the north . The model need input 

to which areas future 
to inundation. Without this 

simulate new shallow water areas that are likely to be 
hydrodynamics and tidal in the Delta. 

• historical conditions, salinity should not be allowed to outflows 
not be to decline) beyond existing as required by 

and operations 
• Compliance points (such as the compliance point located at Emmaton) 

should not be moved landward (as is being proposed by the BDCP). 
• The State Board should consider using the gauging station at Antioch as a point 

interest for monitoring of both salinity and flow conditions in the western Delta. 
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• The State Board should ensure that mitigation is provided for impacts to 
beneficial uses that occur as a result of the BDCP project. 

Please contact me at (626) 304-1134 you have any questions regarding this 
submittal. thank you your consideration of these comments and for the 
oppmtunity to participate in the process to Bay-Delta Plan. 

President and Senior Scientist 
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Water Resources Control Board 

Attention: Phillip Crader 
P.O. 2000 

95812-2000 

Re: Delta Flow Criteria Closing Comments 

Mr. 

of 

RECIRC2547 

opportunity to submit 
e1ooment of Delta Flow for the 

deltaflow/antioch.shtml). 
following: 

the Bay Delta 

M. Pleasant, SC • Harrisonburg, VA • Philadelphia, PA • Pasadena, CA 
ww w. f I ows cience.co m 
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1. Historical fresh conditions must be considered in any effort to restore ecological 
conditions in the Delta. 

We believe that it is essential for the SWRCB and Independent Science Team to 
consider the historical salinity and flow conditions within which the Delta fisheries 
thrived, to ensure that the Delta flow criteria and other standards will ensure the 
protection of public trust resources, i.e. the future biological and ecological integrity of 
the Delta. 

Systemic changes the Delta over the years have reduced freshwater flows and 
dramatically increased salinity (Antioch testimony, Document p. 1). Infrastructure 
and flow diversions have changed distribution and timing of freshwater flows, and 
historic conditions were far fresher than current conditions (Antioch testimony, 
Document p. 2~4 & Document #6, p. 16~ 21 ). 

RECIRC2547 

It sometimes been contended that the Delta was historically saline. mentioned in 
our testimony (and as documented the written testimony at p. 4-5 of 
Document while the experienced variability in and salinity in the past, 

variability existed in a significantly Delta, in fall, spring and 
summer months. As shown in Contra Costa Water District's submittal "Historical 

Freshwater and Conditions in the Joaquin Delta and 
(at p. v and p. 47), while variability historically, of 

were much than current '-"""·"''"'"" 

""'''"""' are to and flow 
must be considered in establishing 

• upstream of the Delta including the of significant 
San Joaquin Document p. 2 

15) 
• Diversions/exports of flows from and Delta channels themselves 

(Antioch testimony, Document #6, p. 8 & p. 16) 



RECiRC2547 

:§«,'~!II Phillip Crader 
April14, 2010 
Page 3 

FLOW SCIENCEcn; 

3. Because of these changes to the Delta, flow now plays a more crucial role than in 
the past, in order to maintain or improve physical habitat and water quality in the 
Delta. 

We encourage the SWRCB to explore and document the biological significance of the 
historical changes in flow and salinity regimes, and to consider this information in its 
recommendations. It is critical to keep in mind the significance of Sacramento River 
flows on the health of the public trust resources in the Delta. 

Closing Recommendations 

1. SWRCB should consider, and incorporate historic salinity data into its 
Criteria analyses. The City of Antioch and Contra Costa Water District have 
provided valuable data regarding historic Delta flow and lower salinity 

2. SWRCB should use flow salinity data to establish a baseline 
quality and flows to restore public trust resources in the Delta. 

3. SWRCB should ensure that flows are not reduced, nor salinity increased, beyond 
levels assured by D-1641 and current Ideally, the SWRCB should 

. The 

5. 

6. to 

to contact me or 

Vice President 

cc: Phil Harrington 
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August 16,2012 

State Water Resources 
1001 I St. 
Sacramento, CA 95814 

Via email: 

RECIRC2547 

CIENCEYY 

Subject: to City of Antioch submittal for the Bay-Delta Workshop 1 
- Ecosystem and LSZ 

Excerpts from Relevant Historical Documents 
064136 

Ms. 

7, 20 12) provided information ""''"v''"" 
a freshwater (prior to about 1918). In addition, 

prior testimony (March 201 0) included relevant historical documents that 
Delta was historically fresh. We are resubmitting relevant 

by 

cm1cnuons. Carquinez 

the infom1ation regarding the 
to '-·VJJ.vi'UVi 

(1 

( 1931) 
Joaquin 

water upper Francisco Bay 
tributary rivers- Sacramento and San Joaquin. Ordinarily salt water was prc~se1u 
below the straits and fi·esh water was present above. Native vegetation in the tide 

are 

13. 

marshes was predominantly of salt water types arotmd San Pablo and of fresh water 
types around Suisun Bay." (Means, 1928, pg. 9). 

Harrisonburg, VA • Philadelphia, PA • Pasadena, CA 
ww w. f I ow science .com 
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In response to salt intrusion into the Delta in the dry years of 1918, 1920, 1924 and 1926, 
Means writes to previous decade (i.e., 1918 through 1928), "It is probable, 
should all streams be rum1ing in a natural way, that salt water would have penetrated no 
farther dry period than Antioch, and then only a few days at a time." 
(Means, 1928, pg. 10, emphasis added). 

" ... salt water under natural conditions did not higher than the mouth 
of the river, m driest years and then only for days at a time, ... " (Means, 
1 pg. 10). 

Summary of (1928, 57) were; 
marked approximately the boundary h"''""'"'"''"' 

water under natural conditions. 
2. to 

water now diverted 
conditions would again be brought about. 
The dry 1918, in which the 
rice and other 
into the 

found that (defined as chloride 
available at San Joaquin at Antioch 88% of the time under 

plantings 
of salt \Vater 

than 350 ppm) was 
conditions. This had 



State Water Resources Control Board 
1 2012 
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1 

RECIRC2547 

13. estimated 
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Supporting Document 

March 22, 2010 

PENETRATION OF' SALT \VATER IN CI'PER BAY 
AND LOWl~R RIVER REGlON 

Under natural St:aits marked, approximately, the 
boundarY betvveen salt and fresh water in the upper San FranCISCO Bay and delta 
region ~f the two ri1·ers-the Sacramento and San Joaquin, Ordinarily 
«tit water W<~S below the straits and fresh water was prcse11t above. Natin; 
Ycgetation in tide marshes w~s predominantly of snit water types around Snn 
Pablo Bay and of fresh water Mound Suisun Bay. 

In tidal waters, into run fresh water streams of \"ariable flow, there is an 
ebb and flow of salt Wlltcr nnd the zone of will move up <tnd down stream as 
the fresh water flow increase$ and decreases. For short intervals in late summer of 
years of minimum flow, salt water the lower rlvcr and delta region, and in 
wet scascms the upper was part of the time, to the Golden Gate. This 
1·ariation in quality of water was not, of sufficient duration to affect the 
characteristic growth of the ~egions <H< each side of the straits, nor to 

the of Suisun Bay as a fresh water bodv and San 
.. r•>M·•,...,... Ray as sgJt water. . ' 

The works of man han~ cor.ditions in many l'>ays. The most important 
changes ha;•e been brought Jtbont slowly as to be hardly noticeable. 
The d:ry season of 1918,-when summer diversions for irrigation in the Sac-
ramento V .alley resulted il< the of salt water farther upstream 
than ercr known at such ;<n in summer,-nrst brought the salt 
water problem to notice. The slow of increasing divenions in 

h~d but were bwnght prominently to the attention the in-
naoHan<~ of and delta regions in this Since 191 the drr years 
of 1920, 1924- ha\'C more of 
the salt water 

of natural conditions is not 
been collected on which such a 

The of the 

then were not n~tur.~L For an cstimntc 
we must go to the stream flow records of the streams 
diversions are taken out. 
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THE SALT WATER PROBLEM 

that an vxcrage flow o£ 5,000 second feet in both streams will maintain fresh water 
at Collinsdlle; 7,000 second feet will ma!ntain fresh wa,!er at the s~n Francis<::<:r 
Sacr;~mento ferry. 

If we sum up the flow of the important tributaries of the S:tcramento and Snn 
ril'ers at the points where these streams leave the mountains and as>ume that 

this under natural conditions wodd have reached the head of the Suisun BaY, 
we will find that at no time in the past ten years would the average flo;>: 
ha·,·c been less than 5, l 00 second feet. It is prob~ble, should all streams be running 
in a natural way, that salt water would hare penl'!tratcd no farther in this extrerr.cly 
dry period than Antioch, and then only for a few at a time. 

It is not possible to make a more detniled of this condition without 
making a number of as to speed of now from the gaging stations to the 
head of the and there little accurate information on which the 
may be made. definite statement that salt water natural conditions did 
not penetrate higher upstream than the mouth of the except in the driest 

and then only for a few da;'s at a time, is wuranted. (Sec Table 2 for monthly 
of tributary 
At present salt water reaches Antioch } ear, in two-thirds of the run· 

t,ing further upstr<:am. [tis to be expected it will continue to do so future, 
even, in years of greatest nmolf. b other the pcnetr~tion of s~lt water has 
become a perm~nent in the lower river region. 

CAUSE OF CHANGE IN SALT WATER COI'-.DITlONS 

The cause of this change in the salt water condition 
the works of man. If natural have had <!O)' 

measured. Th~ most natural condition 'the 
Since 191 7 the has 

streanrs. this period two years have .w.·,.t>.1nt1 

meam> (1921 and !927). In each of these 
chlorine per l 
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THE SALT WATER PROBLEM 
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NOTE QUALITY L1 M ITS IN PARTS OF 
CHLORIOES PER MILLION 
PARTS OF WATER 

191.10 1980 l!OOO !O:ZO 

DELTA WATER QUALITY WITHOUT SALINITY CONTROL 

past and 
to the Delta, except the 

'"'"-"'~·"' in to the left. It may be noted while 
...... ~.PA~ ... upstream use accounts for reduction of natural inflow 

by almost 25 percent, upstream development dur-
next 60 years will deplete the inflow by an additional 

""""-~~~ By that date about percent of the natural water 
the Delta will be exported to areas of deficiency 

and federal projects. In addition, economical devel
water supplies will necessitate importation of about 

of water seasonally to Delta from north 
to areas of deficiency. 


