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Attachment B

BDCP Modeling Results, BDCP Steering Committee Meeting, June 17, 2010
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Outline

* Update on physical modeling
 Summary of Delta flow and stage results

 Summary of De ta water quality results
* On-going work and next steps
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Update on Physical Modeling

* Physical modeling complete to date

o

e

e

ey

VIC: Climate-driven hydrologic model
UnTRIM: Sea level rise effects

RMA: Tidal marsh effects

ANN: Flow-salinity responses

CALSIM lI: Hydrology & system operations
SRWQM: Sac R Water Quality Model

DSM2: Delta hydrodynamics & water quality
DSM2-PTM: Particle tracking models

* 6 scenarios for CALSIM II, SRWQM, DSM?2, and DSM2-PTM models

Uk wNR

NAA: No Action Alternative with current climate and sea level

NAA_ELT: No Action Alternative with 2025 climate and sea level rise

NAA_LLT: No Action Alternative with 2060 climate and sea level rise

PP: Proposed Project (long-term ops) with current climate, sea level, and restoration
PP_ELT: Project with Early Long-Term (2025) climate, sea level rise, and restoration
PP_LLT: Project with Early Long-Term (2060) climate, sea level rise, and restoration

PHELIMINARY

LVSEO¥IDIY



Seasonal Changes in Flow

Reduced flows due to {F

diversion in Sacramento

River and its distributaries
N

Sacramento

Relative change in Flow (%)

Increased Yolo flows because
of Fremont Weir Notch

Reduced Three Mile Slough
flows towards San Joaquin River

Increased Montezuma 5l
flows due to changes in

salinity control gate ops Delta Cross Channel

Martinez Increased QWEST due to
less south Delta exports

Increased flows due 1o less
south Delta exports in Old

and Middle Rivers

{ Legend

[ Oct-Dec
Jul-Sep

Jan-Mar

A Shift in flows from San
Jeaquin to Old River due to  Vernalis
changes in temporary

harrier operations

Water Year/Period :  ALL WATER YEARS
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Water Level Changes in North Delta

{Average Daily Stage]

Steamboat Slough downstream of Sutter Confluence

Probability of Excesdance (%)
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Water Level Changes in West and Central Delta

Sacramento River at Collinsville

Probability of Exceedance (%)
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Water Level Changes in South Delta

Grant Line Canal
{Average Daily Stage)
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Seasonal

ChangeshwEC

Martinez
Legend
Oct-Dec Jan-Mar
JulSep Apr-Jun

Water Year/Period :  ALL WATER YEARS

Sacramento Relative change in EC (%)

o
50

40

Delta Cross Channel

Stockton

Vernalis
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Key Findings Comparing Proposed Project to
No Action at Early- and Long-Term

* Channel Flows

— Net flows reduced in north and central Delta due to north
delta diversion

— OMR and QWEST increased due to reduced south Delta
exports

— Restoration allows more periods with unidirectional flows
or reduced occurrence of reversals in 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 decreased by 1 to 2 ft in portions of the Delta —
mainly caused by the restoration
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Key Findings Comparing PP to NAA at

ELT a

* Salinity
— No significant change
southern Delta

— Slight increases in Olc
central Delta due to c

nd LLT

upstream of Rio Vista and in

and Middle River and
nanges in contribution of the

Sacramento (less) and

San Joaquin

— Salinity increases in the west Delta due to the
increased tidal excursion and reduction in
Sacramento River flow
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On-going Work and Next Steps for
Physical Modeling Team

* Supporting teams conducting effects analysis
Completed analytical range sensitivity studies
Completing climate sensitivity studies
Conducting special studies

— North de
— North de
— North de

ta intake and conveyance sizing sensitivity
ta intake location sensitivity
ta bypasses evaluation summary

— Delta levee failure and sea level rise
— San Joaquin inflow sensitivity
— Old River corridor integration
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Attachment C

City of Antioch’s Testimony to the State Water Resources Control Board,
March 22, 2010
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SWRCB Delta Flow Criteria Informational Proceeding: March 22, 2010
EXHIBIT: Written Summary: City of Antioch

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

Summary

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 outflows and inflows to protect public trust values which adapted to
these conditions, (i) establishing the criteria (volume, timing and quality) required by
Senate Bill 7X 1, and (iii) establishing drinking water quality standards for the Delta.

1. Introduction

The City of Antioch (Antioch), located along the San Joaquin River in the western
portion of the Sacramento and San Joaquin River Delta (Delta), is one of the oldest towns
in California. Since the 1860s. Antioch has obtained all or part of its freshwater supply
directly from the San Joaquin River.! The City, because of its position in the western
Delta, is also concerned with the ecological health of the Delta and its long-term viability
as a recreational destination.

As part of the informational proceeding on establishing flow criteria in the Delta, this
document summarizes the historical salinity and flow conditions near Antioch and
contrasts them with the largely saline conditions prevailing today. The supporting
document to this summary is a “powerpoint style” document containing text and figures
relevant to the material presented in this summary.

2. Systemic changes have reduced freshwater flows and increased salinity in the
western Delta, including at Antioch

Salinity in the western Delta (including at Antioch) is influenced both by natural factors,
inchuding ocean tides and hydrology of the upstream watersheds, and by artificial factors,
including channelization of the Delta, elimination of tidal marsh, reservoir storage and
release operations, and water diversions.

Major anthropogenic modifications to the Delta that affect salinity intrusion began with
the European settlement of the region around 1850. Tidal marsh acreage in the Delta
decreased from over 250,000 acres in the 1870s to less than 30,000 acres in the 1920s and

" 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 lirigation
District et al, (1922) 188 Cal. 451, 4535

Page 1 of 5
City of Antioch: Document #5
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SWRCB Delta Flow Criteria Informational Proceeding: March 22, 2010
EXHIBIT: Written Summary: City 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 2010). 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 2010). 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 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).

3. Historical extent of freshwater

Testimony from the lawsuit filed by the Town of Antioch in 1920 and from various
literature reports demonstrates that freshwater (low salinity conditions) prevailed in the

western Delta in the late 1800s and early 1900s.

3.1 Testimony from Antioch’s lawsuit in 1920

In 1920, the Town of Antioch filed a lawsuit against upstream irrigation districts alleging
that the upstream diversions were causing increased salinity intrusion at Antioch (Town
of Antioch [plaintiff] v. Williams Irrigation District et al. [defendants] (1922, 188 Cal.
451)). The testimony from the Antioch lawsuit provides a perspective of the salinity
conditions prevailing in the early 1900s.

2 =,

T 1o, TR Eyenpdingirsfonis vasiie ; 74 Tad .
3.1.1 Pre-1918. Freshwater was available at Antioch year-round

Testimony from the defendants in the Antioch lawsuit indicated that in the late 1800s,
water at Antioch was known to be brackish at high tide during certain time periods, but
Antioch was able to pump freshwater at low tide throughout the year, with the possible
exception of the fall season during one or two dry years. Water at Antioch was fresh at
low tide at least until around 1915 (when the pumping plants started pumping
continuously, regardless of tidal stage) (Att. at pg. 11).

Testimony from the plaintiff in the Antioch lawsuit indicated that Antioch’s freshwater
supply was obtained directly from the San Joaquin River (see footnote 1 above) from
about 1866 to 1918, first by private water companies and then by the municipality after
1903 (when the City acquired pre-existing water rights) (Att. at pg. 12). Plaintiff’s
testimony included salinity measurements taken at Antioch (1913-1917) that indicated
that prior to 1918, freshwater was available at Antioch even during dry years and in the
fall (Att. at pg. 12).

Page 2 of 5
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SWRCB Delta Flow Criteria Informational Proceeding: March 22, 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 plaintiff in
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
plaintiff’s testimony from California & Hawaiian Sugar Refining Corporation (C&H)
(CCWD 2010). Plaintiff’s testimony indicated that although Antioch is located along the
San Joaquin River, the source of much of the water at Antioch was the Sacramento River,
which flowed to Antioch via Georgiana and Three Mile Sloughs (Att. at pg. 14-15); this
was confirmed by the California Supreme Court (Aft. at.p. 15).

Information from the Antioch lawsuit is consistent with literature reports (see the
following discussion) and with paleo records of salinity and river flow obtained from tree
rings and sediment cores (CCWD 2010).

3.2 Literature reports

Several literature reports confirm that freshwater was available year-round in the western
Delta (including Antioch) and Suisun Bay during the late 1800s and early 1900s. For
mstance, DPW (1931), the precursor to the Department of Water Resources, indicated
that the City of Antioch obtained all or most of its freshwater supplies directly from the
San Joaquin River until 1917, and that salinity intrusion prevented domestic use of water
at the Antioch intake in summer and fall after 1917 (Att. at pg. 9). DPW (1931) and
Tolman and Poland (1935) indicated that prior to the 1920s, water near the City of
Pittsburg was sufficiently fresh for that City to directly obtain all or most of its freshwater
(Att. at pg. 10). Dillon (1980) and Cowell (1963) indicated that prior to the 1920s,
freshwater was available in the Suisun Bay and Carquinez Straits for use by the City of
Benicia (Att. at pg. 10). Means (1928) indicated that Carquinez Strait (near Martinez in
the western Delta) is the approximate boundary between salt water and freshwater under
natural conditions. Moreover, Means (1928) also indicated that during the wet season
freshwater extended up to the Golden Gate (Att. at pg. 9).

The California Department of Water Resources (DWR, 1960) estimated that water with a
chloride concentration of 350 mg/L or less would be available at San Joaquin at Antioch
about 85% of the time under “natural” conditions (Att. at pg. 16). DWR (1960) also
estimated that chloride concentrations at Antioch would be less than 350 mg/L about
80% of the time in 1900 and about 60% of the time by 1940, with decreasing freshwater
availability due to upstream diversions; DWR also projected further deterioration of
water quality in 1960 and later, but did not include the effects of reservoir releases for
salinity control (Att. at pg. 16).

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

Page 3 of 5
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SWRCB Delta 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 western Delta has increased over time compared to
historical conditions.

4.1 Freshwater availability continues to decline

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 pS/cm
EC)®. The number of days per year, expressed as a percentage, when daily average
salinity at Antioch was below 1000 puS/em EC declined from about 70% iu 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 than historically (Att. at pg. 20). For instance, during the above
normal water year 2000, water at the City of Antioch’s intake was below 1000 puS/em EC
for the entire day for 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
City’s intakes exceeded 1,000 uS/em EC for the entire day, regardless of tidal stage.
Testimony from the Antioch lawsuit indicates that prior to 1918, water at the City of
Antioch’s intake was below 1000 puS/em EC for the entire day during above-normal years
and in all but dry fall months.

Salinity at low tide at Antioch during the present is higher than historical conditions (Att.
pg. 21). For instance, during the period 1985 to 2009, the tenth percentile low tide daily
salinity was below 1,000 uS/cm EC for about one-and-a-half months, and the 250
percentile low tide daily salinity was below 1,000 pS/cm EC for about nine months.
However, testimony from the Antioch lawsuit indicates that during the driest years prior
to 1918, low tide salinity at the City of Antioch’s intake was below 1000 pS/em EC for
about nine months; for all but the driest years, salinity at low tide was below 1,000 uS/cm
EC throughout the vear. These data establish that salinity is higher at Antioch for a wider
range of hydrologic conditions and for a longer duration of the year than under historic
conditions.

4.2 Salinitv intrusion occurs earlier and extends farther

Since the early 1900s the California & Hawaiian Sugar Refining Corporation {(C&H),
located in Crockett near the western edge of Suisun Bay, obtained its freshwater supply
in Crockett. When freshwater was not available at Crockett, C&H used barges that
traveled upstream on the Sacramento and San Joaquin Rivers to procure freshwater. The
measurements of distance to freshwater from Crockett, recorded during these barge
operations, serve as a surrogate for the historical extent of freshwater in the western

? The freshwater salinity threshold of 250 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 uS/em EC, based on the site-specific empirical relationships between chloride concentration and EC
(K. Guivetchi, DWR Memorandum dated June 24, 1986).

Page 4 of 5
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SWRCB Delta Flow Criteria Informational Proceeding: March 22, 2010
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Delta. A comparison of C&H data during 1908-1917 and estimates® 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&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. Conclasions

e Prior to 1918, freshwater was almost always available at Antioch at least at low
tide. Only during dry vears and during high tide conditions did salinity at Antioch
become brackish.

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

e By 1940 the drought receded, but salinity at Antioch remained elevated.

» Salinity has continued to increase in recent years at Antioch.

¢ The fraction of time that water at Antioch is suitable for use (when salinity is <
250 mg/L chlorides or 1000 uS/em EC) has declined significantly.

e “Historic” Delta was significantly fresher than the current Delta.

6. Request

The City of Antioch requests that the State Water Resources Control Board review and
incorporate historic salinity data into its analyses when considering Delta outflow
requirements to protect public trust resources in the Western Delta and the flow
requiremnents of SB X7 1 {e. g., volume, timing and quality), and that the Board use

VOIUme 5 [o 38 LW 3

historic data to establish and to adjust its “baseline” of water quality for both fisheries
health and drinking water quality standards. In fact, the City asks the SWRCB to
establish flow and salinity standards in line with the Delta’s historic fresh condition. The
City also requests that the SWRCB consider using the gauging station at Antioch as a
point of interest to ensure that flow criteria and salinity objectives are met.

References
[{CCWD] Contra Costa Water District. 2010, Report titled "Historical Freshwater and Salinity Conditions in the Western
Sacramento-San Joaquin Delta and Suisun Bay™

Cowell, I W 1963 History of Benicia Arsenal: Benicia, Califormia: January 1851 — December 1962. Berkeley, Howell-North Books.

[DPW] Department of Public Works: 1931, Fariation und Conirel of Salinity in Sacramenjo-San Jocpiin Delio avd Upper San
Francisco Buy. Bulletin No: 27. State of California, Depariment of Public Waorks, Division of Engineéring and Irrigation.
[DWR] Department of Water Resources. 1960, Delta Water Facilities. Bulletin No, 76. State of California.

Ditton, R. 1980: Great Expectations: The Story of Benicia, California. Fresno, California, 247 pp.

Means, T, 1928, Salt Water Problem; San Francisco Bay and Delta of Sacramento and San Joaguin Rivers, San Franeiseo, California,
April 1928, Report prepared for the Association of Industrial Water Users of Contra Costaand Solano Counties.

Tolman, C. F.oand & F. Poland. 1935, Investigarion of the Ground-Water Supply of the Cofumbia Steel Company Pittshurg,
Cadifornia. Stanford University, California, May 30, 1935,

Town of Antioch v. Williams Irrigation District (1922, 188 Cal. 451),

* These estimates were made using [EP data in CCWD (2010), which will be presented by the Contra Costa
Water District during this informational proceeding.
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February 16, 2010

Division of Water Rights

State Water Resources Control Board
Attn: Phillip Crader

P. O. Box 2000

Sacramento, CA 95812-2000

Re: Delta Flow Criteria Informational Proceeding
Dear Mr. Crader:

The City of Antioch has been diverting Sacramento River water for drinking water use
from the western Delta since the 1860s, and as such, has information and data directly
relevant to the SWRCB’s current proceedings to establish Delta flow criteria. The City,
because of its position in the western Delta, is also concerned with the ecological health
of the Delta and the long-term viability of the City’s historic freshwater fishing and
recreational opportunities.

Please find attached the City of Antioch’s exhibits and supporting documents describing
the historical salinity conditions at Antioch, The City of Antioch believes that it is vitally
important to consider historical salinity and flow conditions when establishing flow
criteria and water quality standards that will affect the future biological and ecological
integrity of the Delta, and we believe that the SWRCB should not allow flow to be
reduced below, or salinity to be increased above, levels currently allowed by both D-1641
and X2 requirements. In fact, the City asks the SWRCB to establish flow and salinity
standards in line with the Delta’s historic fresh condition.

We appreciate your consideration in this matter. Please feel free to contact me with any
guestions.

Sincerely,

(o

Phil Harrington
Director of Capital Improvements and Water Rights
City of Antioch

Page 1 of 2
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Attachments:

e & » 8 @

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 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:
“Variation and Control of Salinity in Sacramento-San Joaquin Delta and Upper
San Francisco Bay”

City of Antioch’s supporting document — DWR (1960) Report: “Delta Water
Facilities”

Page 2 of 2
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May 19, 2011

Dr. Jerry Meral

Natural Resources Deputy Secretary
California Natural Resources Agency
1416 Ninth Street, Suite 1311
Sacramento, CA 95814

Dear Dr, Meral;

As you requested, this is a follow-up to our meeting on April 27, 2011, The purpose of this letter
is to inform you about Antioch’s water supply in the context of the Delta and to propose
potential physical solutions to Antioch’s water supply needs in relation to possible adverse
impacts arising from the Bay Delta Conservation Plan (BDCP).

Overview of Antioch and its Water Supply

As you know, the City of Antioch (City) is located at the western edge of the California Delta
System at the confluence of the Sacramento and San Joaquin Rivers where the City has diverted
water for approximately 150 years. The City currently provides water services to a population of
103,000 covering an estimated 29 square miles of developed and undeveloped land.

In order to meet the treated water demands of our customers, the City obtains water from two
primary sources: 1) the Sacramento/San Joaquin Rivers via its pre-1914 adjudicated
Appropriative Water Right; and 2) the Contra Costa Canal owned and operated by the Contra

Costa Water District (CCWD) via a 1968 substitute water Agreement between the City and the
Department of Water Resources’ (a4 copy of which the City provided you with during our
meeting).

Together, these sources have the potential to provide the City with a total treated water capacity
of 52 million gallons per day (MGD). Currently, the City’s average day demand for treated
water is 14 MGD and a high maximum day demand of 31 MGD. Antioch owns and operates a
Delia intake system located in the lower San Joaquin River along the City’s waterfront. This
river pumping intake has the capacity to pump up to 16 MGD whenever the river salinity is af an
acceptable level (chloride concentration less than 250 milligrams per liter). Whenever the river

" The State of California Department of Water Resources and the City have an existing agreement which specifies
that the City will be able to pump water with a chloride content less than 250 mg/L at least 208 days from our
gxisting intake. This agresment was entered into by the City and DWR in 1968, to mitigate the damage caused by
the State Water Project. If in any year the number of days of availability of usable water is less than 208 days, DWR
must pay the City one-third of the City's incremental costs of purchasibg substitute water from CCWD, The one-
third fraction was based on the assumption that the depletion of the natural supply is due one-third te the operation
of the Central Valley Project, one-third to the State Water Project and one-third to all the other upstream diverters,

1t was anticipated at the time of the Agreement that the Burean of Reclamation would pay snother one-third of
Antioch’s substitute water costs; however, this aspect of the Agreement has never been fulfilied,

Department of Capital Improvements/Water Rights
P.O. Box 5007, 200 H Street, Antioch, CA 94531 » Tel: 925-779-7050 s Fax: 925-7789-7062 « www.cl antioch.ca.us
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salinity level is not acceptable or when demand exceeds the existing pumping capacity, the City
is forced to purchase substitute water supplies directly from CCWD via the 1968 Agreement
with the Department of Water Resources (DWR),

Historic Salinity and Water Quality

Although the impact of saltwater intrusion on the City’s water supply has been impacted by
various upstream projects over the years, including the state and federal water projects, Antioch
has been able to divert water of sufficient quality for municipal use during most years since
about 1850. The fact that Antioch has been able to divert fresh water for over 150 years directly
refutes recent attempts to mischaracterize the historic Delta as saline or subject to salinity
variation into the far interior of the Delta for extended periods of time. In fact, the opposite was
true with a Delta historically fresher than today’s Delta, Salinity variability ocourred, but farther
to the east than is occurring in the present Delta.?

Antioch’s Conecerns with the BDCP and Ouit-of-Delta Convevance

Antioch is concerned that future diversion facilities and reduced flow regimes proposed for the

Delta via the BDCP (and other Delta related processes) may further interfere with Antioch’s *
ability to divert its water supply from the Delta. During our meeting with you, we discussed the

impacts from BDCP’s proposed move of X2 easterly, which would increase salinity in the

Western Delta, impacting Antioch’s water quality, We also discussed the BDCP “Effects

Analysis,” which indicated potential adverse impacts to Antioch’s water supply through reduced

outflow and increased salinity from the proposed out-of-Delta conveyance facility.

Reducing Delta outflow is contrary to various agencies’ recommendations for increased Delta
outflows to benefit species, which evolved in a more historically fresh Western Delta and are
now in decline. Adverse impacts on Western Delta ecosystems and public trust resources from
reduced flow and increased salinity will also impact the City’s cultural identity and a significant
portion of its local economy that has historically relied on freshwater outflow and low salinity.

Antioch’s Proposed Regional Solutions to Mitigate any Impacts from the BDCP and Other
Proposed Delta Processes

* SEEFOR EXAMPLE:

[{CCWD] Contra Costa Water District, 2010, Report on "Historical Freshwater and Salinity Conditions ia the Westem
Sacramento-San Joaguin Delta and Suisun Bey".
[DPW] Departmeit of Public Works, 1931, Fariation and Control of Sadintty i Sacramento-San Joaquin Defta and Uppey San
Frantiseo Bay. Bulletin Mo, 27, State of California, Department of Public Works, Division of Enginsering and Ireigation.
See htip/fwww.archive org/detalls/variationcontrol2 Tealivich
IDWRY Department of Water Resources, 1960, Delta Water Faeilities. Bulletin No. 76, State of California. See
hitpd/www.deltacorridors.comfuploads/Bulletin, No._76_Delta, Water Facilities-Color.pdf
Moans, T. 1928, Salt Water Problem! San Franciseo Bay and Delta of Sacramento-and San Joaquin Rivers, San Franocisco,
California, April 1928, Report prepared Tor the Association of Industrial Water Users of Contra Costa and Solano
Counties,
Tolman, C. F.and J. F. Peland. 1935, nvesiigation of the Ground-Waier Supply of the Columbin Steel Company Pittsburg,
California. Stanford University, California, May 30, 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 the 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, such a diversion point would be able to provide substitute water to several potentially
impacted Delta users as a Regional Solution and would be designed and paid for as part of the
project rather than as a proposed mitigation measure. The City believes that significant water
diversion infrastructure already exists that could potentially be used to provide substitute water
to municipalities and districts within the Central and Western Delta. This existing infrastructure
will help to control project costs associated with combining and/or relocating existing diversion
points and minimize environmental impacts within the interior Delta,

During our meeting, you stated that you would forward our letter and requests to DWR Acting
Director, Mark Cowin, for consideration. It is our assumption that we would follow up with you
and with DWR shortly after that. Thank you for your consideration and please feel free to call us
if you have any questions,

Sincerely, Q//&&)

Phillip Harrington
Director of Capital Improvements/Water Rights

¢ Jim Jakel, City Manager
Lynn Tracy Nerland, City Attorney
Matt Emrick, Water Rights Counsel
Ann Spaulding, Consultant
Susan C. Paulsen, Consultant
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THOS. H. MEANS
CONSULTING ENGINEER

RGN AT ET

SANFRANCISCO

—

FRELEPHONE BUTY e 18

June ik ek
Assbelition of Indusivial Water Usery of Contra Costa and Solatio Couniie

Dear Strs:

Stalements I this repbit on pages 39, X, 36, 6% ana.go cobearnime the

proposed “Southern Pacific Raibroad's Solsun Ray Bridge, WWeatsd neiy A
Foint, were publihed before the plans of that company. wers mads: publke Pl

information new-avallable shows that (e site selectad: for the vatlroad Dridge

Hes from 800 to 1800 feet above the location for fhe Salt Watsy Borriar goloctsd
By Mr. Young. The plans for the bridge provide for plers founded on voslk vy
hoth the waterway and marsh areag. The experionces of (he rallsnd donet
tavor the Jocation of the tracks upon vook £ dikes, ne Proposed By My Yaun
but would requive plers to vock throughout the length of the strocture, Aedori.
g to estirates by the railread eompany's ongineer, the saving in cost byicoms
bining the ratlreud bridge with the barvier undey these conditions would e smal
and the disadvantage of having the Ut span located close to locks, Where the
.movermont of vegsels s slow, serves Lo offset any saving in cost,

: The rallvead bridge as planned provides for o bridge giving a clenvance of
70 feet (as cotapared with 80 feet I Young's plans, aohelght great T o) S 0
permif the free passage of river hosts, The HEt spen-wilh be used fov 0eoin-
going vessels, - Plers arn spuoed {14 feet on centers and foundations i all cases
will:he carvied tobedrock. The constriction of the bareler ag proposed by Youhg
will not be mterfered with if this site is aelootad,

The estitmated cost of the bridge now propowdd ig about $6,400,000, excla.
sive of approsches, track, ate, 3 )

There is no advaninge to be gained by a combined strueture witdess the rew
sull, s in decrensed cost to both basvier and. vailrpad, Sinve there in apparently
N such: advantige to he gained and the bridge will not. Inteytars with the Larricr
if the Army Point site s selocted; T suggest that fhis letter be atiached {o my tes
port in correation of the statements made thersin.

Very truly yours,

THOS. H. MEANS,

SALT WATER PROBLEM

SAN FRANCISCO BAY and
DELTA of SACRAMENTO
and SAN JOAQUIN RIVERS

APRIL, 1028

Twomas H, Mzans, Consuiting Ewginver
215 Pine Sreeer v Baw Frasoses, Catipornis

LYSTOYID3Y
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Preface
The following report by Engincer Thos, H. Means was fnanced by the
Association of Tndustrial Water Users of Contra Costa and Solano Counties,
The-only instructions givei My, Means in_preparing this report were to get
the-facts; and 3t 18 hoped that this document will be of henefit in establishing some
of ‘the {acts relating 4o the proposed Salt Witer Rarrier as designed by Engineer
Walker R Yaung, A

The following firms are members of the Association®
Amierican Smefting & Refining Co.
Associated “Oil Company

Atchisory, Topeka & Santa Fo Railway Co.
F. E. Booth Conipany
Califarmian-Hawaiian Sugar Refinery
Columbia Sreel- Corp.

Cuios Bay Lumber Co.

Fibreboard Products, Inc.

General Chemiesl Co.

Great” Westernt: Eleetro Chemical Co,
C.- Ay Hooper & Co,
Jobhns-Manville; Tne.

Kullinan-8alz. & Co.

Mountain Copper-Co,

Pionger Rabhor Mills

Reédwood  ManuTactusers Co.

San Francisoo & Sacramento-R, R,
Shell Company of California
Southern: Pacific. Company

Union Oil Company

ASSOCIATION "OF INDUSTRIAL WATER USERS
OF CONTRA COSTA AND SQLANO COUNTIES
C. W, Scurview, Chadrman,

LYSIUID3Y



PENETRATION OF SALT WATER IN UPPER BAY
AND LOWIER RIVER REGION

Under watoral conditions; Carquinez Straits marked, approximately, the
boundary between salt and fresh water i the opper San Francisco Bay and delta
region of the two tiibutary rivers—the Speramento and San Joaqain,  Ordinarily
salt water was present dlow the straits and fresh water was present above.  Native
vegetation in the tide marshes way predominantly of salt water types around -San
Tablo Bay and of Tresh water ypes aroond Suisun Bay.

In tidal waters, into which run fresh water streams of variable flow, chere s an
chband fow of salt water and the vone of mixing will move up and down stream a3

Cthe fresh water flaw increases and décreases.  For shore intervals in late summer of
vears of minimum flow, salt water penetrated the Tower river and delta region, and in
et seisons the upper bay was fresh, part of the time, to the Golden Gate. This
varfation in quality of water was not, howeyer, of sufficient duration to affect the
characteristic vegetation growth of the regions on each side of the strajts, nor 1o
change the designation of Suisun Bay as ordinarily a fresh water body and San
Francisco Bay as salt water.

The woiks of man have changed conditions - many ways. The most important
changes have been brought abonr gradually,—s0 slowly 1 to be hardly noticeable,
The dry season of 1918,~when Jarge sommer diversions for irrigation in the Saee
ramento Valley resulted in the sadden penctration of salt water farther upstréam
than ever known before, at such an early pertod b summer,—first brought the salt
water problem o public netice. The slow effécts of increasing diversions in previous
years had escaped notice, but were hrought prominently to the atrenrion of the in-
habiitants of the upper bay and delta regions m this year. Since 1918, the dry yvears
of 1920, 1924 and 1926 have wore convincingly demonstrated the importance of
the salt water problem,

An accorate picture of natorad conditions is not possible, because no records have
been collected on whicl such o picture can be based, but very close approximations
can e made, The Jog of the distance Gaveled by the water Barge of the California
Hawailan Sugar Company in golng upstream o obtain fresh: water has been kept
sinee 1908, These figures give the means of determining approximately the condi-
tions during that period,  In 1908 irrigation had been extensively developed in both
valteys mid conditions then weére not natural,  For an estimate of earlier conditions
we' pinst go o the stream fow records of thie wibutary streams belore important
diversions are taken our.

It is the practice of the Sugar Company to send the barge upstream until water
of approximately §0 to 70 parts per million chlorine is reached. The erew of the
barge are equipped with apparatos By which water is analyzed until this degree of
purity is reached. Since trips are made nearly every day during the suminer months,
the record ir o very goad inditation of the point reathed by salt water, A summary
of the vomplete reeords shows the fuctuation of the line between fresh and salt
weater, Records of the Sugar Company are attached.  (Table 1) ’

The Sogar Compnny requires water of great purity.  Tor irrigation, domestic
or ordinary industrial uses, water of 2 lesser degree of purity may be uwsed, A com-
parison of “the point where the Sugar Company’s barge is filled with the point where
the remaining uses could be satisfied, indicates that from five to tow mitles down-
stream from the phace where thie barge turns, water could be abtained satisfactory for
Jomestic sapply.  Making an allowance of 734 miles in the average records, we find

LYSOHIDI
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that an average flow of 5,000 second feet Tn beth streams will maintain fresh water
at Collingville; 7,000 second feet will maintain fresh water at the San Franches-
Sacramento ferry,

If we sum up the Sow of the important tributiries o1 the Sacramento and San
_}':xgquin rivers at the points where these streams leate the mountains and assame that
this flow under natural ¢onditions would have reached the head of the Suisun Bay,
we will find that'at no time in the past ten years would the average mouthly flow
vac been less than 5,100 second feet. It 'is probable, should all streams be running
in a natoral way, that salt water would have penetrated no farther in this extremely
dry period than Antioch, and then only for a few davs at 2 time. '

Tt is nov possible to make 1 more detailed study of this condition without
making a number of assumptions as to speed of Bow from the gaging stations to the
head of the bay, and there is Hule accurite information on which the assumptions
may be made. The definite statement that salt water under watural conditions did
not ‘penetrete higher upstream thav the mouth of the river, except in the driest
years and then only for a few days at s time, s Warpniited, (See Table 2 for monthly
flow of tributary streams.} ‘

At present salt water reaches Autioch every year, in two-thirds of the years ruu-
ving further upstream, Tt'ds o be expected that it will continie to do so in future,
even in years of greatest runoff,  In otber words, the penetration of sall water has
become & permanent phenomencn in the lawer river vegion, ‘

CAUSE OF CHANGE IN SALT WATER CONDITIONS

The cause of this change in the slt weter condition 3¢ dite almost entirely t6
the warks of man, *If natural changes have had suy effect, it is too small to be
messured,  The most important natural condition is the sequence of dry and wet
periods,  Sihce Y917 the Btate hus eipericnced dry vears with low runoff in nearly
all streams,  Duriuy this period twa pears have gxcseded normal stregm flow in some
streamie {1921 and 1927, Tw each of these vears exdessive salimty (over 100 parts

chlorine per 100,000} was present at Antioch abont two months,

Trrigation
Storage and diversion of water hgve been the prinelpal causes of salinity jn-
crease in the upper bav country.  The area Trrigared variey from vesr @ year; n
1926 dhe acreage of Yands o the fluor of the valley was dpproximately as follows:

Extimtate nf Diversions anid Area Irrigaed 1926—Sactameito and San Josguin
Valleys, Net Inelnding Mokntaiis 8veat

Acre Foet Acres
Priverted Fiviguted
Racramento and tributaries above Sacramenito, inclading
rice, 128,439 acres. e 1,044,973 235,995
Delta uplandse e 146,906 §3,649
Délta aven.. < rereanan RETR 264,479
San Joaquin Valley estimated . covnisinsnesnnsnn 23 100,000 700,000

3,801,879 1,254,723

o addition to this area on the valley floor, there Is & farge acteage i the moune
tains which uses water from the Streams tributary to the rivers thar drain throogh
Suisan Bay. The acreage frrigated in the momtaiis 5 not so aceurately known as
the aven on the valley floor, hutit 48 targe and, particularly in Tow flow season, very

THE SALT WATER PROBLEM i1

effcetively nsee up the water In the streams. The wse of water in the mountains §s
usually more economical than in the valley and the return seepage is less, The net
effeel it 1o comsume all of the water diverted. The effect upon the flow i
pronoanéed,

The latest aceurste determination of srea Trrigated 35 that niade By the United
States Census,

TRRIGATION IN CALIFORNTA
Censis of 1920
1902 1919 1420 1924

Areain Area Capable
Eaarprises  of Triigation

Sacrmpento River and Tributaries 206,312 640,950 1,204,769 864,605
Sacramento River direct o 10,942 194,367 439,169 296,748
Pit River...... 72,072 9,984 129,984 107,478

Cow Creek.ovnn . 2,321 5,068 12,488 7,446
Cottonwood Creek i 1,358 2,972 21,016 4,112
Battle Creek...: 2,642 2,966 6,590 5,108

4,110 23,539 45,143 36,191
. 67,111 142,841 186,756 167,463

. Not Rep. 19,473 49,074 23,492
Cache Creek..... 3,756 24,541 56,498 31,212
American River . it 10,112 47,156 32,695 52,842
Other Tributaries ooecesree 31,388 86,993 158,356 132,513
San Joaquin River-and Tributaries 220,651 1,069,161 2,072,739 1,497,661
San Joaquin River direct.. 129,647 642,261 1,083,862 873,300
Fresno River sl 10,729 12,412 30,004 14,016
Merced Riveri..... 19,636 63,151 222,718 71,709
Tuolumne River .. Not Reps 165,533 298,418 250,423
Stanislans River . -~ 13,840 75,359 155,453 111,192
Calaveras River Not Rep. 13,323 21,598 16,489
Mokelimie Rive §,558 356,848 135,480 72,144
Connnes River.. . Not Rep. 3,259 9,011 6,405
Other Tributaries < Lo 41,241 55,013 96,198 81,981

The above includes springs and wells,

Stony Creekoenv,
Feather River ... ..
Yuba River....

Where area in watershed is not reported {not vepl) it Is included in other watersheds:
Récords for other censug periads have not been tabulated €0 as o he comparable.

This whle shaws that in the 18 yéars between 1902 and 1920 the area irris
gated in the Sacramentu Valley trebled, while in the San Joaguin Valley the weréase
was nearly five times as great. The area included in jrrigation enterprises was only
half watered in 1920, while the area capable of being Drrigated was only about two-
thirds watered, The total area irvigated in both watersheds was 1,7 10,000 actes in
1924,

N0 accurate rocords have been collected since 1920. It is known, however, that
the growth of irrigation has continued, though at a slower rate than prior to 1920,
Sinee 1920 the growth in arca has been proportionslly larger in the San Josquin
than in the Sacramento Valley, In the latter valley grain production (s«%ldom irf’l—
goted) i still profitable and much Jand within irrigation projects goes into grain.
Other crops, such a3 rice, yary in area with the price of rice.

JALTSLINEL. |
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United States Department of Agriculture Ghulation of area in rice in Calis

fornia 15 shown below:

ACRES IN RICE IN CALIFORNIA

1920 et e i st e e 102, T
TOZT e e - 135,000
922 s S 140,000
1923 .. 106,000
1924 e mseiriens. A0, 000
LR SO VOOUE BT DTN S1% 9011111

1926 .

149,000

Storage reservoirs, both for irrigation and powdr, have begn built on many
streams in the past fifteen years: Many others are planned and their construction

will be undertaken within a short time, The following He of reservoirs

s as com-

pleté as it is possible to make it.  Small reservéirs—less than 1,000 acre feet capacity

—have been omitted,

STORAGE RESERVOIRS
GOLDEN GATE DRAINAGE WATERSHED

Height
SACRAMENTO RASIN of

Dam
Cottonwood Creek... ... . Miselbeck Reservoir ... o 105

Pit River. oo Diarris Reservoir..
Pit RIVET e, eiusrs e o B 8288 REEIVOIE. costoiniosninbivonicen i
Pt RiVET e inriinsans e ME Shasta Power Co, Noy 3. 112
East Parkowien e
Stoney Gorge .
Paradise Creekowoooone, ... Paradise Reservoir..
Battle Creek wovveiiommnnonn 2 RESQIVOIS Lo
Feather RIVer v io o Lake Almanor o, . viiadaiiia., 125
Bucks Creek ...
Butte Valley.
..Bullards Bar ...
Lake Francis oo eencionnes
Spalding ...
23 Reservoirs, small.....
Bowman being colarged e in s e
ATMETICAN e oo e e smnior cnalh BQIOTVOM Seeern oo e e cowmin omomo

Mokelumne.... L Pardee onder construction.immnieenn 350
Blectra System, 7 Reeeon et oo

. .8alv Springs, under comstruction...
Relief .. i

Strawberrv
Utica, 3 Rescrvons
Woodward 2. i e e s
Melones i 0 e e 19

Stony Creek. i o

Yiuba River oo ..

Stanislaus.s i

Resepyoir
Capacity
Acre-Feet

5,460
12,500

30 H00
31,000
54,000
3,000
1,317,000
103,000
106,000
11,060
2,400
74,000
34,000
12,800
200,000
24,800
130,000
15,000
18,0060
§,900
36,000
[QERYi
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Tuolumic.. . iormrcmwermne et HetehVe v s v o
O’Shaughnessy Dam cccvncne e 344 206 000
Do Pedro. oo . 284 290,000
Lake Fleanor.... 25,300
Dizllas Warner....... et pnan o n e 28,000
PIAVIS o i i i an e e o 48,000
Merced R Fxchequer oo . 330 278,000
San Joagquin .o Florence Take . vt e e 64,500

Huntington ...
Shaver Lake.. oo o v
Crane Valley.oue, oo

165 88,700
. 183 138,500
150 38,0600

Cache Creelo e 1A Lk e e s i 400,000
Sustn Creeki i mmmmenecmoe, GOFAON VAOY o cvriicsinssssiorscemmammnconse L 10,000
Total ‘Constracted Reservoirs., o ciiiin e e sicroeeanso 1,098, 364

Projected Reservoirs (Partial List)

BACIAMENTO oot cnnn. KGN EL - 420 2,838,000
fron Canyon....-.,.w,,,w.,....m 709,000

American.... Folsom U D VUTO NPT ) | 300,000
Mokelumne....ociione e DIV CHECKemir e snecmt s . 140 1,200,000
Tuolumne. . i el O’Shmghncs‘v. mcreased 0. i 430 330,000
Total Projected Reservoirs...ooeromecoenicosnnee Ep— YR

In round nambers, rescrvoirs of a capacity of 4,000,000 acre feet are in vse on
streams tributary 10 San Francisco Bay above Carquinez Strait.  Reservoirs of much
larger capacity are being considered for future construction,

Mining - Debris. . Mining debris and sediment in the xivers and by-pass
channels” have-probably chaged the Hdal flow to 2 amall extent, and may have
affected alt watermiovements, “"The-effeet has been too small to measure, but it has
begn generally dn the direction of ‘reducing tidal prism and tidal flow where the
dcpcssits are laid down in‘bay waters; and of increasing tidal flow through the Golden

‘Gate where deposited in the rivers;  The net change has probably been very small,

Gilbert, in his report upon Hydraulic Mining Debris (U. 5. G. 8. Prof. Paper 105,
page 87) estimates the reduction in-tidal currents in Golden Gate caused by deposis
tion of debris av 2,49 per cent.

Lawid Reclamation. Reclamation of land by building levees has affected tidal
fiow and movement of salt-water in two ways: first, by decreasing the tidal prism in
the delta and, serond, by changing the time of arrival of floods and of low watcr.

First; Reduction of Fidal Prism: The redoction in tidal prism by the con-
striuction of Jevess in the delta region and around the upper end of San- Pablo Bay
and around Suisun Bay has probably had the effect of slightly reducing the tidal
flow through Golden Gate. As Has'heen shown by Gilbert in the publication above
referred to; the'effect of leveeing in the Jower river has had the tendency of increas-
ing Golden Gate flow, while the same work in Suisun and San Pable Bays has had
the opposite effect;” The net effect, however, is small and results in decreased flow.
Gilbert (U, 8, Geologic Survey Professional Paper 103, page 79) estimates the
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average percentage of the flow through Golden Gate as follows, when all marshes
are leveed:
MARSH LAND AREAS—AVERAGE VOLUME FLOWING THROUGH
GOLDEN GATE EXPRESSED IN PERCENTAGE

Per Crsn
8an Pablo Bay marshes and Naps River.. o #1.9%

Suisun Bay.... S
Sacramento Dely T1.04
San Joaquin Dl o . 13.33
Net effect o Golden Gate flow.. o L. T1.26

*f?\«fmms decrease in tidal fow thiough Coldin Gate
T Maans incresse in tidal flow fwowgh Gelden Tare.

Second, Change in Time of Arrival of Floods: The effect of leveeing upstream
from tide lands has been fo decrease the storage in basing and to fncréase the rate of
travel of floods toward tide water.  Under natural conditions the basin areas flled
with water in flood time and slowly released thie water in Jate summer, maintaining
the flow well into the period of low warer,

Most of those up-river basins have been leveed and floods run through the river
channel and by-passes to the geean with very little retardation by storage.  Thare i
no stored water from these basins to maintain low flow, consequently the Tow flow
reaches the tidal channels earlier In the year than woder natiral conditions.

The effect of this reclamation work upon slt water conditions has beep very
pronounced. In the period just prior to 1918, some of the largest reclamation
districts were Jeveed, Sutter Basin being a notable example.  Prior o this closing
off from flood fows these basing retained Targe volwmes o water, sometimes until
the middle of summer, the water slowly draining back into the channel. Nowadays
instead of delivering water to the channel, water is raken Trom the channels for irri-
gation during summer months, Drainage retarns & small part of the irvigation warer
directly to the river,

Return scepage from irrigation has had the effect of increasing the low water
flow in the Sacramento.  Stafford, in peblications of the Division of Warer Righes
{Biennizl -Report November, 1924, page 133; Sacramento-8an  Joaquin Water
Supervisor’s Report 1926, page 85) estimates the water retwrned to the Sacramento
River as follows:

WATER RETURNED TO SACRAMENTO RIVER
(INCLUDING ALL ACCRETIONS)
Flow in Sscond Feet

1924 1923 1926
June . 879 2780
July . VAL 1624 1573
AGRWSE v 1 83 1320 1240
September - 634 1314 1077
Cetober . 460
Mean ... 763 1179 1543

Dredging, particalarly in the Sacramento River, near its mouth, has had the
effect of increasing the water prism, but the probable effect upon tides through
Gaolden Gate is to decrease them. The dredging work ¥ so far upstream as to be
on the tidaf mevement opposite to that in the Golden Gate,
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The deepening of the channel has, further, the effect of permitting the deep
flowing salt water to pass upstream with more ease through the deep chamel. &
Tike effect will probably resalt from deepening of -Sulsun Bay and the San Joaquin
River to Stockton, » navigation project authorized hy Congres,

It is not possible to measre these effects, But it is well established that sale
swater baing heavier moves along the bottom of deep channels with greater case
than over shallow ones,  Any deepening of chanmels or straightening of approach
through dredger cuts has the tendency fo fagilitate the movement of the deeper
WALErs,

Isvigation aud Storage of Water in the San Joaguwin Valley.  lrrigation in the
San Joaquin Valley Jias had an effect upon tidal conditions and the movement of
salt water in two ways: first, by diverting and storing water during fiood period, and
second, by increasing the flow in late summer and fall months throngh return
seepage.

A much lafger atilization of water resonrces has taken place o the San Joaquin
than in the Sacramento Valley. Rainfall is lighter on the floor of the valley, so dry
farming has been less profitakile and there iy greater necessity of irrigation, Al
streanis tributary 1o the bay are now completely diverted during the low fow period
and no water enters the tidal dmnels except return flow.  This condition has been
true for over ten years,

The Tollowing brief description of the streams and the irvigated area will shonw
the extent to which the water supply has been put tw use.

Upper Saw Joagusn. The apper San Joaquin enters the valley Soor at Friant,
The mean anpoxl flow of the stream at the valley’s cdge averages 2,050,000 dere
feet. Storage above this point, built by the San Joaquin Light and Power Corpora-
tion and the Southern Califordia Edison Power Company under contract with
riparian owners and appropriative users of water, amounts to 330,000 acre feet,
Other storage reseyvoirs have been planned,  Lands irvigated from the stream lie on
both sides of the river and aggregate 400,000 acres, The diversion capacity of the
ditelies, stoughs and canals Tn wee Js very large,

Above the Merced River, canals, ditches and stoughs with contral gates have

- a capacity i excess of 7,000 sceond fect,  Sloughs and chimnels used for wild
flooding inerease this diversion capacily to'in exces of 10,000 second feer. Below

thie Merced, a nomber of pumps take water from the river West Side slope,
Trown €6 Paradise Dam, about the head of tide water, these diversions ot Tn exces
of 500 second fect.

ATl water entering the valley is diverted ia Jate snmmer, The San Joaquin s
dyied above the Merced for three or four monthe a year.  Return scepage commences
vo “make’ about the mouth of the Merced, Below that paint there is always water
in the channel, except for short periods of time, just below some of the larger
pumping plants.

Frecng River. 'This stream Bas 2 small watershed area of low mountains with
A riean mummal flow of 68,000 aere feet, The entire Tow flow 38 utilized around
Madera and toward. the Say Joaguin, No retun seepage makes from this area, &
pumping plants have Jowered the ground water plane and probably intercept nearly
the entite ground water flow,

Chowehilta River, This stream has about the same area and topographic
conditions in-its watershed as has the Freso, Tte mean flow approximates 68,000
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acre feet, All low flow is utilized. Pumping has been heavy on its lower course,
No return séepage makes from this area.

Mereed River.  The Merced Trrigation District and yiparian lands lying sbove
the junction with the San Joaquin utilize all low Bow, The Exchequer Reservoir
of ‘the Merced District, with a storage capacity of 278,000 acre feet, controls the
stream except in wet years. The power plant at the dam delivers water into the
river, when water is plentiful, in excess of the district’s diverting capacity, Water
always passes the district’s headgate for wse of lands lower down on the Mereed,
The mean flow of the stream 15 1,330,000 acre feet, Return seepage maintains a
continuous flow at the mouth of the Merced, the water coming from both the Ture
lock and Merced stdes of the river, This return flow now amounts to 80 to 100
sécond feet in sammer months and there are indications that it is increasing., Pumps
along the Merced utilize 2 part of this return fow.

Tuoluming River.,  The Tuolumne draing a high mountain area and has a
mean annual flow of 2,055,000 acre feets Three irrigation districts—the Water-
ford, Modesto and Turlock, with a wtal area of 276,783 acres—divert water at
the LaGrange Dam. Three storage reservoirs with capacity of ;366,0()0 acre feet
are operated by these districts. The City of San Franciseo has rights on the upper
watershed for water for domestic uses and has built reservoirs of capacity of 231,000
acre feet. A conduit of capacity of 620 sccond feet is under construction.  San
Francisco has control of other reservoir sites and proposes, ultimately, to divert 400
million gallons daily (620 seccond feet) from the watershed. T'o do this; storage
of about 850,000 ascre feet will be required, } o

Retursi scepage in the Tuolumne, at its mouth, resulting from irrigation now
amounts to from 250 to 350 second feet constant flow. Additional smepage from
these irrigated areas appéars in the Merced, the Stanislans and San Joaquin. rivers.

Stanislans River. The Stanislaus River——mean annual flow 1,376,000 acre
feet—is under storage control for both power and irrfgatimn Power TeservOiss
with capacity built or heing built of 172,000 acre feet, highon the stream, inurease
the low flow, but this water is re-stored. in reservoirs or diverted by the South San
Joaquin and Oakdale irvigation districts, These districts, with, an area of 145,348
zeres, have in Melongs and Woodward reservoirs a storage capacity of 148,000 acte

feet, All low flow is diverted, Return skepage in the Stanislaus River at its mouth |

(coming in part from the Modesto District) now varies from 100 to 160 second
feet constant flow, An additionsl amount enters the San Joaguin River,

Return Flow in the San Joagnin River. Return scepage in the 8an Joaquin
River from the mouth of the Mereed to Durham Ferry (just above tide water) now
amonnts to a continuous flow of from 600 to 1,000 sccond feet, About 300 second
feet of this water is diverted above tide water by pumps irrigating West 8ide lands.
Additional pamps recently installed or in process of i‘nstaliatim‘ and pumps divi:x"rf-
ing from the tdal portion of the stremm have a combined capacity of l)engef:zs 750
and 800 second feet. In the peak of the irrigating scason these V\fcist Side pumps
divert practically all of the visible flow in the San Joaquin River. The delta lands
and islands are_dependent upon ground water flow and such water as flows down
the Calaveras, Mokelumne snd conecting slonghs from the Sacramento River,
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NET RESULT OF IRRIGATION AND STORAGE
ON S8ALT* WATER PROBLEM
Sumnuanizing former statements upon the effect of frrigation and storage upon

the flow of walt water in-the Jower river and upper bay region, the following may
be said:

L. Undernataral conditions the boundary between salt and fresh water was |

Carquinez Straits, - In late summer, Suisun Bay became brackish but slt water
penetrated ‘as £ar-as Antioch only rarely and then for but & fow days’ time,

2o Thecombined-elfects of jrrigation and diversion in the Sacramento Valley
have beenw to- reduce the flow entering tidal waters to a small fraction of the flow
andér datural conditions. - In 1924 the flow at Sacramento was about 720 second
feetand waw below 1,000 second ‘feet for in excess of a month, In 1925 the flow
at- Sacramento’ reched x minimum of 2750 second Teet and was below 3,000 for
nearly a month, - In 1926 the flow of the Sacramento reached a ninimum of 1200
second featand was below 2,000 for over 2 month,

3. The late summer flow of the San Joaquin—all return seepage—has been
below 1,000 second feet i all years except 1927. The capacity of pumping plants
irrigating West-8ide lands exceeds the inflow nearly every summer, so that, so far as
visible flow in-the San Joaquin is concerned, all of the late summer inflow into tidal
channels i used on West Side arex. The delta lands now must obtain their supply
fromy the water stored in channels or which flows underground, or from the Cala-
veras; Mokelamine, and sloughs connecting with the Sacramento River,

4. The use of water by the delta lands on both San Joaquin and Sacramento
rivess hias not bien accurately determined. The area irrigated amounts w 360,000
acre, 11 this aren consumes 134 acre feet of water per immum, of which 20 per
cent is used in a month, the consimptive draft will be at the rate of 2100 second
feer. “This quantity exceeds the Yow flow in years of light rain.

PRESENT CONDITIONS OF SALT WATER IN
'UPPER BAY AND LOWER RIVER REGIONS

Salt water conditions -have been-under observation by the Division of Water
Rights ot the Department of Public Works“since 1917, Results have been pub-
lished in the annual reports of this Division, - Barlier records of much value in. the
study of the problem are thoswe of the California-Hawaiian Sugar Company, referred
to-earlier in- this report, covering the period from 1908 to 1920, 1In 1920 the
Sagar Company obtained 2 sapply fronythe 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 13 miles, the water fs taken
from: the river; when the distdnee exceeds 15 miles, the Marin County water is used.

Anumber-of other investigations of salt water conditions have been collected
atvarious, places. and are of help in the determination of the changes which have
taken place In‘recent years:  Among these records are those colleeted by Mr., William
Plerce north of Suisun-Slongh, on the north side of Suisun Bay; records for a short
period by the ‘Pacific. Portland Cement Company 2t Suisun, showing salinity of
Sajsun Sloughi-records by the Great Western Llectro Chemical Company at Pitts-
burg, extending from 1916 to date, giving total solids and chlorine in the river
water; and linformation: collected at various times in the Investigation of “water
supplies by the City of -San Francisco, the City of Richmond, and the East Tay
Water Company. A large amount of information from these various sources has

LHSZ24ID3Y



8 THE SALT WATER PROBLEM

been obtained and is helpful In Interpreting e changes which have taken place and
in Formulating a fairly accurate conception of conditivis in the pase and what may
be expected in the future,

Attached to this report 33 a chart of the region, the base being pheotegraphed
from the Annual Report of the Division of Witer Rights, Ow this chare red
Yines have béen placed showing the penetration of salt water during the months of
June and September, 1924, Similar charts for other years show that in every year,
salt water has penctrated to a point beyond Antioch on rhe San Joaguin River and
Collinsville on the Sdcramento, and that v vears of Tow flow, such as 1918, 1920,
1924 and 1926, the extreme Hmit of salt water penetration has heen well into the
delta region.

The year 1927 s one of approximately 100 per cont runoff in the strewms
tributary to San Franciseo Bay,  In this vear salt water reached the middle of Suisun
Bay in June, was approximately at Collinsville and Antiock in July, and during
August and September had reached approximately to Tmmaton on the Sacramento
and the lower end of Jersey Island on the San Joaguin River,

Streamy flow records show that approximately one-third of the years are in
excess of 100 per cent runeff and two-thirds of the years below that figore, This
gives, roughly, an approximation of the perind of tinwe in which salt water conditions
will be worse than in 1927 and the period in which betrer vesults can be expected.

For practical purposes, a period of thirty days or more would be detrimental
to cither irrigation, domestic ase or supply for industrial purposes,  An examination
of records i more detsil indicates that, under the conditions now existing, in
practically all dry years salt water will reach the Tower end of the delta for at Jeast
2 month’s time, and that in two-thirds of the vears water will be in the Tower delta
region in excess of & montls time or as nuch as thce to four mionths, ‘

The areas of delta land within the salt water flow are shown i the following

table:

Approximmee Avvi ol

Stremn Flow Trelty

fe Per Cont,  Penatrated by

Normal Balt Water

1924 e e eanee | DA 169,000
1926 e oo e om0 58,000
1928 [N 'L 5 8,500
1927 e LD 5,000

PROSPECTIVE CHANGES IN THE FUTURE

Starage of water for power purposes and diversion for irrigation and domestiv
wses in the watersheds tibutary to the bay are sreadily inereasing.  The rate of in-
crease of the irrigated arca is not so rapid as duying the devade 1910 to 1920, but

there 3% a steady, continuous growth and plans are on fool for 333‘gc‘* increases in :i}r:.
use of wiater through new projects and through the extension of irrigation on ald
projects. ' N )

As iHustrating the extent to which conditions are changing, reference may be
made to the growth of the San Joaguin River basin since the year 1920, a poriod
ordinarily regarded s one of sagnation in irrigetion development in Californie
Since 1920, the Southeras California Tdison Fower Company has constructed and
placed in-operation the Florence Lake and Shaver Lake Reservoirs on the San Jouquin
River with a storage capacity of 208,000 acre feet. 11 his stored water will be
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diverted and used a5 fast as it 3¢ released for power purposes by the agrienitural
langds above the mouth of the Merced.

On the next stremm;, the Merced Irrigation District has built 2 storage resetvolr
of 278,000 acre foot capacity and has approximarely frebled the area in irvigation in
1920, The district Is rapidly growing and the entire irrigable dcreage in the total
of 189,000 acres will be all in caltivation within a few years.

On the Tuslumpe River, sinee 1920, the Modésto and Turlock Trrigation
Distriets have built the Dom Pedro Reservoir of 290,000 acre foot eapacity, and
both districts have extensively increased their frrigated arca. The growth is steady,

The Waterford District has acquired rights 1w wse the water of the Yosemite
Power Company, which formerly delivered approximately 60 cubic feet per second
into the Taolunime River below TaGrange Dam, further reducing the stream flow,

Sinee 1920 the City of San Francisco has built Lake Eleanor and the
(Shaughnessy Dam, storing 231,000 acre feet.  The water released from these
reservoirs hias not yet been diverted from the witershed bur it hat been picked up,
at least during the summer period, by the irrigation districts, and so witer axeept
retarn seepage has flowed into the Tuolomne River during the summer and early
falt months,

Ow the Stanislans River, the Melones Dam hag been built by two irrigadon
disteicts in cooperation with the Pacific Gas and Electric Company, and the Iate
sanvmer use of water has been very much increased.

In addition the Power Companies have now under construction Salt Springs
Reservolr en the headwaters of the Stanislans, with the intention of ultimately
raising this to storage capacity of 130,000 acre feer. This water when released will
be canght by the Melones and Woodward reservoirs lower o the stream and urilized
during the Jate summer,

The Bast Bay Unility District has vow ander comstroction the Lancha Plana
Reservoir site on' the Mokelumne River, a rétervolr of 200,000 acre foot capacity,
and has completed a pipe line from the Mokelumne to the Fagt Bay district of 2
capacity of 60 million gallons daily (90 sceond feet). The water o be diverted
by this Unlity District will be taken out of the watershed and there will be no
retary flow from it

In addition to the reservoirs and fnereased frrigated ares on the east side of the
San Jeaguin, several pumping plants have been built lifting water up the West
Side <Jope for the rrigation of high lands. Imiportant among these are the Banta-
Carbons Trrigation District, approximately at the head of tide water, which com-
menced irrigating in 1923 and now has a pumping capacity of 220 cubic feer
per second. :

The Burkhart Ranch further south has installed o pumping capacity of about
50 cubie feet per second since 1920, #nd & number of other districty and appro-
priators of water have increased either the size of thely pumpling equipment or
the ¢xtent of their use, so that at the present tine the capacity of the pumping plants
irrigating West Side lands exceeds the flow in the San Joaquin River at the place
where tide water is reached,

Purther extension of this irrigated area s by progress and one new district is
novw engaged Tn preparation of plang which will result in the pamping of approxi-
mately 300 sccond Teet frant the river,

Ftension of area supplied by pumping from wells has been going on at the
same time, Dby Fresno, Maders, Merced, Stanishavs and 8an Joaquin counties,
hundreds of pumping plimts have béen fnstalled since 1920, 211 drawing [rom water
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which, under natural conditions, would have its outlet to the sea through the Sun
Joaquin River. It if impossible to accurately estimate the effect of this withdrawal
of water upon the stream flow or the underfiow to delta aress, but, if it has ot
alteady deme so, Tt will at some tihe affect the flow by réducing the quantity of
water which reaches the stream from underground sources and affecting 1o that
extent the Jate summer discharge into tidal waters. .

Irrigation development has not been so pronounced i the Sacramento water-
shed since 1920, There are a Jarge number of irrigation and reclamation enterprives
in the Sacramento Valley which have irrigation Systems of a capacity Jarger than t'hc
irrigated area.  There 35, in addition, a large area of land still devated to grain,
rice, sugar beets and other general farm crops, which goes in and out of cultivatien
as economic conditiohs vary. The gears when grain prices are high, Jarge areas of
grain go into cultivation, a portion of which is irrigated,  With prospects of low
prices for grain other crops are planted, some of which use’ more water then does
grain,  The mast noticeable effoct on the water supply, however, 1 ‘tha increase and
deereise in the vice crop, The area irrigated in rice since the industry became
stabilized varies from 130,000 to In excess of 200,000 acres a year, and in years of
large crop thie sffect upon the water supply is vary noticesble,

Although no Targe new enterpiises have been buile in the Sacramento Vaiieywin
recent vears, the increase in irrigation in the older districts has been steady. The
aren devoted to orchards, to alfalfa, and to general farm crops requiring irrigation,
steadily increases, ‘The result has been continued drafts npon the supply from the
river and to gradual reduction in the total flow downstream. from the main ¢l
vated section.. The reduction in flow, to some extent, s been controlled by the
operations of . the Division of Warer Rights theough the Ccmmiss;mm:f npp«olixtcd
to superintend the diversions from the Sacramento and Sen Joaquin rivers,  The
principal effect of the work of the Commissioner: Nas been to rcfiuce the wnsi;:’ﬂf
watct, to encourage economy and 1o endeavor to keep the flow at Sackansento-as high
as possible, both for purposes of navigation and the use of delta lan‘és. .

Return seepage and waste from the lower ends-of ﬂ'\ﬁ‘r!C(‘: irrxga‘unn can‘:db“ have
to some extent ameliorated the extreme low flow conditions experienced in 1920
and 1924, but the steady increase in irrigated area goes on eac}l year, The total
quantity of vter which passes out of the valley in late summer s stowly but surely
decrensing. : ] ‘

There is nothing 0 indicaté any change of conditions in the immediate kfumr‘c.
Irrigation has reached nearly stable conditions on the upland areas of the Sa‘n‘joaqgm
Valley, Yargely becavse the streams are wearly &e\:cic)}md to their full capacities. On
the Sacramento River, however, large aress of fertile §m\d'undcr irrigation  systems
built to supply them with water are certain to be placed in crop anil increase the
we of water, The result will be a steady depletion of the strean and.an increase
of the sglt water menace. :

Salt water conditions such as have accutred in the lﬂwer.d'elta since 1918 have
become permanent and will pot be iniproved until some additional water supply is
turmed jnto the river during the Jow flew pericd, or fmlgss a barrier s (bu{}t to
prevent the approach of salt water from the occan, 1t is difficult to conceive a set
of nataral conditions that would change this sitnation, We have reason to gxpect
vears of heavy runoll to follow the long period of dry years since 1917, but a
Yeview of the past does not Jead to the belief that sommer water supply can be
increased fo such a point that any dppreciable ¢ffect will be eXperienced by the delta
region and industrial area.
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EFFECT QF S8ALT WATER ON DEVELOPMENT

The industrial and agricultural areas along the upper bay and lower river
region came-inte being before there was any serious thought of the salt water
problem, in other words prior to 1918, for that was the first year in which the
encroachment of salt water was serious.and over a long period of the year, Since
1918 ‘there has'been no Jarge increase of cultivated land in the delta region and
Few pewrindudtries'of importance have been-established in the industrial area, There
has-been, however, a steady growth in the industries already established. '

The effectof salt-water upon the various vsers of water will be discusséd in
the following paragraphe:

Agricitinre. - Water to be supplied for agricultural purposes must be free from
large guantines of solable matter. The upper limit of concentration safe for use
depends wpon the soily crép, rate at which it has been used, drainage facilities, and
to sonmreextent upon whether fresh water is available at other dmies in the year for
Jesching purposes, The determination of the safe limit is, therefore, 2 matter of
considerable difficulty, as it will vary s these factors differ.

For ‘the purposes of .this report, ‘however, it iz fair to assume that water con-
talning 100 parts of chlorine per 100,000, eguivalent to 160 parts of sodium
chloride or-common salt.per 100,000, is the upper limit of safety; since the water
containg other salts the wtal salinity of water containing 100 parts of chlorine will
vary from 175t 200 parts per 100,000, Water of this degree of salinity is not
safer for use; except where precautions are taken to provide good drainage and fo
dontinue: leaching the water through the soil so that there is no accumalation of
salty ‘matter. Such-water raay be used with safety on light soils where drainage i
good and the use excessive, and is not:harmful where wsed oceasionally during Jate
summer; - One-half of this quantity, or $0-parts per 100,000, is much safer for use
and waters of this degree of salinity conld be nsed with comparative safety.

The records quoted above show that in years of extreme low Row, waters of
100 ‘parts 6f chlorine per. 100,000 will -pencrrate into the delta region w0 points
beyond” Rio' Vistaron the Sicramento, and to Stockton and beyond the mouth of
Middie River oy the San- Joaguin, During some part of the sammer approximately
ane-half of the deltaares will e surrcunded by salt water,

T'his condition has several vesults: First, it renders questionable the irrigation
of permanent crops, p;tr(icularlyxsuch crops as arc sensitive to salty second, it has a
tendency through' the percolation bensath the levess of sub-irrigating the adjoining
tand with siline water; third; it reduces the value of lands through the fear of
salinitys and fourth, it adds expense and uncertainty to the question of domestic
sapply, for on'most-of the delta thie river 15 a source of domestic witer,

The net effect of this condition is to render agriculture ancertain in the delta,
to reduce the valie of land, and to create a menace which will resalt in the
destruction of the land by the accumulation of salts

AREA OF AGRICULTURAL LAND AFFECTED BY
SALT WATER BARRIER

The arez of agricultural Tand affected by the salt water barrier i taken ast
1st—The drea-of marsh land Jying practically at sea level,

2nd—The grea of Jand up to elevation 150 above sea levely an elevation
to which pumping has'been carried with suecess,
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These areas may be subdivided into geographic regions as follows:
Ist—The arex around San Pablo Bay, berween Carguiner Strait and the
site of the San Pablo barrier, .
Ind—The drea around Suistn Bay, that i, from the mouth of the river
at Collinsville to Benicia,
3rd-—The delta area or vegion upstreani from the mouth of the river,
4the—Trrigated or irrigable lands above the dela

Swr Pablo Bay Ares. A large area of marsh land les along the west and north
shores of San Pable Bay.  Av present & large part of this arex is In process of
reclamation,  Much of it is growing grain crops or pasture, but littde of it s frvi-
gated. The surrounding waters are salty at nemly Il times of the vear, Fresh
water fills the sloughs and bay during fleod tme, » pefiod becoming shorter ench
year. Ground water of good quality hizs not been found and there i Hude fikeli-
hood of its ever being obtained, as deep wells have been dritled in many places,

Much of the land is yet salt and a1l of iv is influenced w some extent by the
salt i the bay, and the reclmmation by asing riinfall alone to wash ot the salt i
sfow, The presence of fresh water surrounding the area would permit much more
rapid reclamation and wonld make it possible wo bring into profitable agricultore
nearly this entire area,

Surrounding the marsh area is an area of high ground newrly as large, all of
which is now unirrigated.  This marginad area could be all watered and made
available for many different crops by fresh water from San Pablo Bay and wibutaries
i this bay were kept full of fresh water. Novaw, Petaluma and Sovoma Creeks
and Napa River all penctrate the marsh Jands and extend w0 high land; they wouald
make fresh water available for the adjoining high ground and enable pumps w
supply small units or large, depending upon the physical conditions,

1t is to be expected that at sbme fature time @) agricoltwal Tands in California
will make use 1o some extent of irrigation water whore sueh is availuble,  Irrigation
in the coastal belt has not advanced as rapidly as n the Taterfor valleys, becanse
aveners of such Tand can grow profitable crops without artificial watering. Maximum
results can be obtained only by ireigation and it is bot natural to expect water tohe
in demand at some future time.

The San Pablo Bay areas which may at some thue become Intererted in rriga-
tion are all areas where climate and soil are acoeprable to agricaltural pursait. The
region is close to centers of population; transportation facilities are ngally good
or easily improved; it is one where increased population je certain, The availability
of fresh water in the bay and tidal sloughs will serve o stimulate this growth,

Lands so sitvated, close to tidal waters and centers of population, ave likewise
atractive to industries.  As the San Franciseo Bay region grows, more and more of
the territory adjoining the bay will change from agricalture tw industrial or resis
dential property.  With a water supply attached o 3¢, the change in use becomes
casier, for the amount of water requived for agricnlture supplies the needs of
residential or industrial ovenpation,

Cuarguines Strait,  Carquinez Strdi W4 miles Tong-—extends from Subsun
Bay to San Pablo Bay, High hifls with only anall arens of flat fand boandd the
srait, T'he oppertunities for extensive developments for use of water in this
torritory are Hmited by the topographic conditions.  Tndustries already occupy much
of the available torritory and the small valleys, particularly in Contrs Costa County,
are now filled by towns, the population resnfting from industyjal, transportation and
commercial enterprises along the warerfrout,

i
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I the strait iy filled with fresh water and tidal Buctuations and currents are
decreated, the more compléte vecupation of 311 available ground will be possible,
At the present thne growth B restricted by swater supply,  Martiner, Port Costa
and adjoining territory obtain a part of their water from wells at Concord, 12 miles
away, The supply from ground water is Tinnited.  Large addivions to this supply
are impractical,  The Sugar Refinery it Crocketr has barged water from the river or
the Marin County shore at great cost {or many years,

O the north side of the strair, the wwn of Benicia has & small water sapply
bint catiwot increase this supply very much without great expense.

Stisun Bay Area. Muarsh Jands adjoining Sulsen Bay total 70,000 acres.
Immediately adjacent o these marshes Is an area of 93,000 s2cres of higher land
suitable for agricalrure but wor now irvigated, Fresh water in Suisun Bay would
prake Jt possible to convert this area of dry Jand i brrigated areas of high value,

The marsh area of Suiswn Bay B all practically at sea lovel, Much of ir i
sale marsh or at ledst contains enongh salt to interfere with some kinds of agriculture.
A Jarge part hias been Jeveed and utilized for pastare, but with unsatisfactory drain-
age, and salt hag accumulated,

Fresh water In the surrounding tidal channcly and freedom from daily tidal
finctuations will pirmit the leaching of this Tand and make the reclamation of it
practical. The land is isherently fertile and will become very productive when
Jeached of salt, The works to accomplish this wie simple in character and the
operation is simple and certaln of suceess. :

1 fresh water §s made available, there is Tide question bur char these marsh
Tands can eventaally be made as productive as the delta lands of the Sucramento and
San Joaquin rivers Tarther upstream,

The high ground above these marsh areas and which may be watered by prac-
teal 1ifes ont of idal ehannels ncludey the Tower parts of Green Valley around
Cordelin, the Tower part of Stisun Valley, now highly developed w deciduous
{ruits, and the reglon from Suisun to Denverton,

South of the bay the Tower parts of Walwut Creek and Ignacio and Seal Creek
valleys may be reschied with low pumping 1ifts. These valley Jands are now in part
planted o fruins and the agricultural possibilities of the region have been demon-
arated:  Terigation water cannot be obtained for these arcas from any ather source
known 8t this ime. Wellsare of small vield and uncertain 1ife: Storage reservoirs
on these streams may be possilile but none is known except small ones, and these will
serve only small local arcas,

The mest important difficnlty is the extremely erratic nature of the runoff
fromy this area, T wet vears floods are heavy, but in years below mormal precipita-
ton the runoff may be véry limited, often negligible. Storage o be dependable
must Bold water over two or three dry yeurs, an impracticable condition for agri-
celtnre axcept in very imited areas. The greater part of the area will remain v~
irrigated unless sonte chieaper, more dependable supply of water is made available.
A-sale water barrier will place fresh water at points where it can be readily obtained
biv practical developments.

The Dalta Region. The dehta region, affected by tide Tevels, extends as-far
up the San Joaguin River x5 Duncans Ferry (6 miles below the month of the
Stanishaus River) and up the Sicramento a short distance above the City of Sacra-
mento, The distance from the mouth of the San Joaquin to the head of tide water
Ly viver 18 77 miley; to the hesd of tde water on the Sacramento s 56 miles.
Betweer these extremes are many miles of tidal channels and doughs afording
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aceess by boat to nearly afl parts of the region, and by relatively short dredger cuts
making it possible 1o deliver tidal water av the edge of high ground.

This region includes 367,000 acres of land, either marsh or swamp and-over-
flow, and 91,000 acres of high ground immediately adjscent to the marsh on the
wast side of the valleys. These total 458,000 scres,

The entire area iy irrigated or irrigable from waters st tide Jevel, The most
recent information indicates that of this area 360,000 acres are now irrigated in
both deltas.  In both deltas an area of 98,000 acres remain to be irvigated, partssf
which are irrigated and farmed irregularly, The cconomic status of the farmer has
much to do with the area under cultivation,

The Up River Country. The entire irrigated area tributary to Suisun Bay is
to some extent interested in the salt water problen. At the present time 2 sait is
before the Saperior Court of San Joaquin Vallev, between riparian users and
appropriators in the deltx region and 443 defendants on the siresing above the delta.
This suit involves nearly all of the large users of water, both for jrrigation and
power; on the stream, Much other Htigation is ju prospect.  The outcome of this
controversy cannot be foreseen but it is impostible to predict anything but serious
complications and nearly endless difficulties no matter which tarn the courts
may take,

Should the ountcome of the present suit be that tide water lands have no
riparian rights upon waters of the streanis, in excess of one=hal{ of the present delta
arca will be periodically surrounded by salt water. The agricultural industry will he
affected and the salt water menace to thess lands will become permanent. The final
result will be disastrous to a very large area of land which has been the most uni-
formly productive land in the state.  The continued storage and wse of ‘water dbove
tide Jevel and the increase in pumping to high lasds around the tidal area will
citise salt water to enter the rivers in all years, and at tmes the greater part of the
tidal waters will be contaminated with salt from the ocean,

Should the courts take the view that owners on tidal waters have riparian rights
1o the flow of the stresm, a great deal of very valuable Jand now uging water must
release the water which has heretofore been wsed and a tremendous damage to higher
areas will result. The release of waters may affect salt water conditions to some
extent but it is impossible to conceive a condition in whicl enough water will be
released to push back salt in years of light runoff,

As is shown later in this veport in the chapter on “Storage and Relewse for
Contro] of Salinity,” the plan under which this proposal has been made doss not
Took practical as » means of taking care of the srrigation problem of the delw
Furthermore, it leaves out of consideration the entire industrial ares that lies just
helow the delta.

Powoer Companies, Two power companies supply the industrial region—the
Great Western Power Company and the Pacific Gas and Electric Corgpany.  Both
companies have an interest in the salt problem in two ways: The market for power
iy the first and most apparent interest the power companies have in this problem in
that the maintenance of the present industries and their growth in the futdre affect
the income of the distributing companies,

In a later chapter a statement of the approximate use of power for industrial
and domestic purposes is ncluded, The 1ate of growsh of power sales indicates a
steady increase i industrial activities. The more rapidly these facteries grow and
the more new factories there are installed, the better will be the power companies’
incomes, A potential industrial territory offers opportunity for = very large incredss

THI SALT WATER PROBLEM 25

in use of power and the encouragement of these industries s a fegitinvate function
of power companies.

- The second way in which these companies are interested is the question of
liigation mentioned above. The Great Western Power Company and the Pacific
Gas and Electric Company and subsidiary companies, such as the Sierra and San
Francisco Power Company and Mount Shasta Power Corporation, are parties to the
suit previovsly mentioned, 1w addition to them the San Joaquin Light and Power
Company and: Southern California Edison Company, both developers of power on
the bzfn Joaguin River, are included, and the Modesto and Tarlock, South 8San
Joaquin and Merced irvigation districts are included on account of their storage and
use of ‘water on tributary Stieams,  The interests of these comcerns, therefore, are
created by the “direct attack upon their storage and vse of water in the highcr
watersheds,

Should the outcome of this suit establish the riparian right of the delta land
owners, the power companies will soffer very teriously in consequence, by the
necessity of either releasing water now stored or condemning the right to continue
the practice of controlling the Bows, k

F ithing Industry. Under present conditions, with the Sacramento and San
_fonqu\ rivers open to the flow of tides, fish have frec access from the ocean to the
fres?t water streams draining the Sierra Nevada Mountains, Several types of com=
meréial fish are caught in these waters and other fish ave important as food for the
commercial varicties, There has developed a considersble fishing and fish~canning
industey along the bay and lower river shore. The cateh in river and upper bay
approximates 5,000,000 1o 6,000,000 pounds vear—largely salmon, shad ‘and
striped bass,  (See table.) ‘

The Fich and Game Commission has in charge the maintenance of fishing and
thf: preservation.end control of natoral ‘fish life, together with the propagation of
existing species and. the intreduction of new forms suitable to these conditions,

Plans for the salt water barrier provide for fishways so that fish may travel

upstreamy, . Fish will have free travel avsuch times as gates are opened and will no.

doubt pass throagh the ship Jocks at all times:

THE FUTURE OF THIS REGION

The future of the industrial region on Carquinez Straits and Suisun Bay de-
pends upon-the growth of population. California and other Pacific Coast states are
growing fnote rapidly than any other section of the United States. There has been
for many years x constant inflow of people {rom the East and an increase in popula-
tion dlong the whole Pacific shore, The cities of Los Angeles, Oakland, San Fran-
ciseo, Seattle and Portland have grown much more rapidly than is the average
growth'of American citics.

There is no such rapid development anywhere in the country except the
industrial growth in the cities around the Great Lakes, where large manufactoring
interests have centered. Aside from the City of Los Angeles, the rapid-growing
cities of ‘the country have been the industrial ‘conters.  ln the case of Los Angeles,
the Industrial grotwteh has been large but the great incresse in population arises, to 2
Jarge extent, frony chie attractive climate of this southern city.

Estimates of future population of the San Franciseo Bay region have been made
by several- organizations in- studies coneeriiing public utility matters. The results
of three such stidies are shown in-the table following. The Rrst, Column I, is
the cstimate of the population of San Francisco and Fast Bay cities made in connce-
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tion with studies of Trans-bay bridge; Colume 11 is an estiniate o the metropolitan
districe, taken as San Francisco, Alumeda, Contra Costa and San Mateo counties, by
the Telephone Company; aid Coluwinn 11T the estimate of population of the Fast
Bay Municipal Utility District by that orpanization, Fich of these ssthmates indie
cates that the population will double in about 2% years.

ESTIMATES OF GROWTH OF POPULATION

1 i 218
. San Franciseo Sun Franasce Fast Bay
YEAR and Trans-bay NMuotrapoliug KMunieipal
Cittes Drisgrieg Utility
Distriet
J R U 686,873 229,404
[ USROS S ¢ 11 1) 0
1920 i - BR0LBS0 891,477 330,348
1925 e 976,000
TO30 i e s, 1,100,000 1,329,200 501,000
1933 e s 1A 30,000
L3 1 O UIRRIUTRMIRIS B 8111 (4111 1,856,700 702,000
1945 - . BETE000 2,492,000
FOE0 e mesmsmemininne v oo b 750,000 948,000
FOOD e 1,230,000

L Bstimiate of populatinn San Franclseo and Bast Buy cities by Bowed of Eogineeis Trans.
Bay Rridge, Sun Frangisco, May, 1937,

1E Pacific Telephone & Telegraph Company-—cstimate by fobert W. Bachelor, includes $an
Franewen, Alameda, Contra Costa and San Mates counties, Aprily 1925 Pellished fa
“San Francisco Business™ April 17, 1924,

I East Bay Municipal Utility District, Avnnal Report 1925, pags 7.

Contra Costa Connty has grown al's ‘wmore rapid rate than the Bav regiow asa
whole.  Censns figures for the counties around the bay are shown jn Table 4,
Contra Costa’s growth as compared with ether bay counties'is shown helow:

Subdivison Population Inerowse Increase
af et 91w 1920 1900 e 1920
Stary Per Cont Par Cont
SEE et e i 1,420,801 44 130

Alaeds County 344,171 40 164

Contra Costa, 53,880 70 198
Marin - 27,342 9 74
Napa .. oo e 20,078 4 26
Sacramento R 91,029 34 98
Ban Franciseo o oiviivime oo 300,076 12 48
Ban. Jorquin ..o 79,903 38 125
Sait Mateo i 36,781 IR 204
SOIANT v v v csriic s e 40,002 47 . 59

Recent figures to show tncreass it population are shown in Table 5, fu which
are given the  whool enrollments for years 1913, 1921 and 1927, These are
summarized below:
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SCHOOL ENROLLMENT
BAY SHORE DISTRICTS - CONTRA COSTA COUNTY

Per Cent Inervease

1921 191520 1913.27

Llementary Schools 7262 45 #2

High Schools.... 1037 103 210

Totals i . 5 830 %299 84 9t
THETORIC st coioen . S VGl

Population Growih-and Its Cyelas,  California, in common with other staies,
is going threagh a-readjustment of population distribution and kind of accupation.
A comparatively. fow years ago the gredter part of our population was engaged in
agriculuire; today manwfacturing and mechanical industries occupy more people
than agriculture,  In 1920 agriceltural pursuits {including forestry) occupied 1
per cent-of the wage earners of the state as compared with 28)4 per cent engaged
i manulacturing and . mechanical industries.  Today the percentage engaged in
manufactoring is-higher and increasing all the time,

Studenss of population growth recognize cycles of growth which, for certain
reasons, start slowly, grow rapidly and decline slowly. Califorais has gone through
tivo eveles of growth—mining and agricaltural-—and is now eiitering upon a third
cvele~industrial.

The gold rosh commencing in 1848 caused the first rapid increase of popula-
tion after California beeame a part of the United Srates,  As mining gradually
declined in importance, agriculture attracted many poople and a great incresse in
population occurred. Agtioulbare ceased to make rapid growth in 1912 and since
that period manufacturing and mechanical trades have been the principal source of
incréase fit population.

There areseveral reasons for present conditions:

1. Agriculture has been depiessed since the deflation period of 1921, Costs
are'stil] Wigh and the sale price of products has not-entirely recovered. Profits have
bean:low,

2, Laod values in California are high. There s no more chance for cheap
fand, The incentive which caused many to enter agricultural pursuits in the great
period of agricultural growth does not now exist.

3. Farming Is more and more becoming purely mechanicals the same arca of
fand can be farmed now with fewer mien, This releases men for other occupations
and redutes the vumber of men trained in farming operations—the potential buyers
of farms,

4. Freight rates increased during the war and added greatly to cost of placing
agricaltural products in eastern market conters. At the sume time the inoresse in
Freight has made it practical and necessary for many manvfactirers to establish
branches on the Pacific Coast.

5. Shuce 1900, hydroclectric power and long distance transmission of energy
to manufacturing centers have been made practical and cheap, and dependable power
for manufacturing has resujted,

6. California, simce 1900, has become a Jarge producer of oil, The ehicap
o1l has encouraged manufactaring in many ways.

7. The Panama Canal and better shipping facilities have made raw materials

JA Y& ). I0ED.



8 THE SALT WATER PROBLEM

for manufacturing mord_ easily available, and have wade it caster o ship producieat
maiufacture to other markets, ;

8. The climate of the const veglon of Califorala hay beconie recognined it
being well adapred to manufacturing. The cool weather, uniformite of seasons,
freedom from freezing or destructive stormg, have attracted workmen and eapitalis,

The result of a1l this i3 that' st present the growth of Califoftia Lies around
industrial centers, We are now living in an industrial age. The Yuture of the
state depends Jargely upon the rate and quality of this manufacturing and industrial
growth.

This does viot mean that there {s 0'he expected 2 decling Tn agricultural activity,
On the contrary the growth of cities and centers of industrial énterprises will
stimulate the growth in agricultare.  Markets for more farm produce will rusnlt
from increases in ndustrial population, there will be'a better market for the vaw
products of manufacture which originate on the farm and the huprovements:is
transportation that will resule Trom manufacturing will benefit agricultors,  We
may expect the growth in agriculitie fo continue, but at a rate lower than during
the years prior to 1912,

Agriegliural Extension Posdble and to Be Expected. In the chapter in which
the region lying tributary to the vpper end of the bay and Jower river is described,
the statement is made as to the area of land which could be irrigated from frash
water basin above the proposed salt water bayrier.  These areas are g follows:

AREAS IRRIGABLE FROM FRESH WATER BaSIX
ABOVE BARRIER

Marsh - Upland Tatal

San Pablo Barrier

San Pablo Bay oo 31,000 48,000 99,000
Army Point Barrier

Swistn Bay oo fen o’ 78,000 93,000 163,000

Totals above San Pablo. .. 121,000 141,000 262,000
Delta Region above mouth of river:

San’ Joaquin i o 257,000 58,000 315,000

Sacramento . IR 110,000 33,000 143,000

Grand Totalb o s, 488,000 232,000 720,000
OF this arca, that aliove ;

Army Point B . 437,000 184,000 621,000

OF this ared, approximately 360,000 acres are irrigated in the delta region,
The areas around Suison Bay and on San Pablo Bay are sarrounded by salt warey
for so much of the suminer that pastore crops slone afe grown to a considerable
extent, 3 ”

Tollowing the history of growth of the country, it is reasonablé to expect thar all
of the areas which can be irrigated from this fresh water basin will be irrigated and
cultivated as rapidly as the population and increase in markets warrant,  The region
is close to markets, well supplied with trapsportation facilities, which will ‘be both
by rail and water, has a climate suitable to a great variety of crops, and it would he
only natural that such areas would be put to use.
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Industvial Groseth 10 be Expected, There is o possible way of predicting
what increase there will be ‘in the industrial development except that it will be
farge and substantinl inocharacter,  “There ate many basic industrial activities not
represented  in this part ‘of “the Pacific Coast—industrics that will unquestionibly
settle §n this reglon when & fresh wacer supply is assured—-and there will be a con-
tinued aind more rapid growth'of the ones already on the grousd,

Every large mdustrial region of the world has developed at points whére fresh
water s abundant and cheap, and where facilities for handling of raw products to
{actories and carrying the finished products to markets are well established, and the
rates to magkets are reasonables Ban Francisco Bay, being in the geographical center
of the Pacific Const, is - the naturil point: where large factories will Jocate. The
fact that large citles ‘are close it hand, that transportation facilities are established,
thiat power is. abindant  and cheap where oil pipe Jines bring ofl from the ficlds
further southy mnd that the climate s an unusually good one for a manufacturing
business; are all iniportant. - 1f there is-added to these essential conditions a large
fresh water reservoiry there will be no more favorable Jocation for manutacturing.
{t cani be expetted that the growth here will be as rapid as in any other part of the
country and ‘more rapid than has been true at any time n the past history of the
state ‘or Pacific Const.,

WATER REQUIREMENTS OF THE REGION

T'he present water requirements-of the region arc supplied from many sources.
Richmond; ‘on the upper end of San Pablo Bay, is within the East Bay Municipal
Urility District, 2 public-organization engaged in the construction of 2 water supply
system: frome the: Mokelumne River. 1t 38 to be expected that this district will
purchase the distribution system of the FRast Bay Water Company riow serving the
territory; and- thae St will construet such additional facilitics as may be required to
supply “industrial ‘and - demiestic requirements of the territory, Water from this
system will be‘costly. The charges of the Bast Bay. Water Company average wearly
30 conts per 1,000 gallons, Taittle if any xeddction in cost can be expected from
the Utility Distiict unless a part of thie expense is raised as taxes,

“The smaller towns,: such as Martinez, Port' Costa; Benicla, Bay Point, Antioch
and: Pittsburg, obtain water either ‘from wells or -by. pumping from the river at
fresh water times, oy by small storage reservoirs filled during flood or fresh water
scason, - In all of thess towns watér is high-priced (the average price of water from
the Port Costa: Witer: Conipany is.about 27 cents pér 1,000 gallons), usually of
inferior quality at least some time of the year, and there 1s no great supply in sight
o take care of fapid Increase in growth of population, In fact the growth of the
territory outside of the Utility District mentioned is 10 a large extent restricted by
its water supply.: "Thée Usility District eannot serve the industrial plants on account
of thehigh cost of water,

The construction of 2 salt water barrier will effectively remote this deterrent
to growth; for-it-will place frosh water of good chemical quality alangside of ali of
these towns; and ‘with' the modern methods of filtration and purification the water
will be suitatile for dontestic ot any industrialuse. "The cost of pumping will be 2
sl part of the cost of water from any other known source,

The industrics now established between Qleum and Antioch, on both sides of
the straityy nse 10 million gallons daily and the nse Js increasing at the rate of a
million  gallons:daily per-vear.  Enlurgemionts and extensions to these plants will
probably increase this rate of growth,
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Prediction a3 to the forure is hazardeus, s much depends upon whether oe it
a salt water barvier is built,  This structure will greatly stimulate growth of presint
irdustries and will encourage the establishment of new ones. It is within the
bounds of reason o expect 100 million gallens daily o be wsed by industries withia
the next 25 years,

Domestic Supply for Cities apd Towns, Water for domestic purposex iy
ligher priced 1n San Francisco and the Bast Bay cities than in any nther Jarge citivs
of America. This high price results from the diffculty of secaring water v ynantis
ties sufficient to take care of the rapid growth of these communities. The sime
thing may be said of smaller cities alang Carquiner Straits.  Water for dotnustic
use has been difficult 1o sceure, the price is high, the quality is not good at all rimex.
There is no known way by which small commanities cau satisfactorily grow unless
the water supply is ample for the necds of their growing population,

As an example of this conditon, the history of the Benicia Water Company
may be cited.  This company has made a careful nwcsugm(m of the possibilities of
sceuring water, has drilled wells for underground. investigation, has' considered
storage poss)b:lmes in the hills back of the town, and has finally been required to vse
river watey ar such times as this water is available, :md to’ supplement this supply
with pumps.  During much of the vear the commimity is unable to supply water of
« good quality without great daﬂwuitv

On the south side of the straits the water sapply for towns of Crackett,
Martines and surrounding territory is provided by the Port Costa Water Company,
largely from wells in the neighborhood of Concord, Litigation has restricted the
extent o which these wells can be utilized and this commuonity will be faced with
the very large expense of going to distant points for 1 water supply 1f the growth
of the towns continues,

The town of Pittsburg is supplicd from wells wnd, at scasons of the vear when
the water is fresh, from the San Joaquin River. The limit o the availability of
anderground waters is in sight and Piusburg will be placed to grest expemse o
secirre a water supply if the growth continues o be as rapid s it has beew in the
past, Similar conditions prevail at Anticch, where protracted litigation called the
atteption of the state to the difficulties of this community earrying out 1t play of
pumpmg water from the river. Since 1920 Anticeh has built & storage reservoir on

the slopes to the south of the city, into which {resh water is pumped during the
edrly summer, and stored and vsed in late swsmer, The result i that water s wmore
costly and of poor quality for domestic purposes, largely on account of the tasté of
stored water in open reservolrs in bright sunlight,

The entire industrial areas along Suisen Bay and Carquinez Straits may be siid
t6 be restiicted in growth on account of the fact that there i ne casily obtainable
supply of fresh water, The result has been a vestricted rate of growth of population
and an ineresse in cost of water to those who are alreedy in the community,

The salt witer barrier, to a Targe extent, will remove these difficulties. If the
bagriar 15 Jocated dt the San Pably site, the entire ared will be cared for. 1 i
placed ar the Army Poliit site, the entire region upstream will be on a fresh water
fake. The fndustyial area Lelow the upper end of the straits can then be supplicd
from a relatively short pipe line heading abeve the barrier.

The reversal of flove, eamised by tides at Sacramento, has endangered the citics!
watey supply by crusing sewage ta Back upstream.  The barrier witl prevent this
from océurring, as it will rajte Tow water at Sacraments and prevent upstream-flow:
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SURVEY OF REGION AFFRECTED BY SALT WATER

The region affected by salt water includes the arca frem the lower end of
Carguinez Straits upstream to Isleton on the Sacraments River, Wakefield Landing
on the San Juaquin, and Mansion House on ‘Old River. It includes Carquinez
Straits, Suison Bay, and approximately one-half of the delta on the San Joagoin
and Sacramento rivers.  San-Pable Bay is of conrse affected but salt water is more
nearly a vatural condition in that body of water, Indirect effects are experienced
in a1 parts of the watershed draining through Carquinez Straits and the Bay region
and cities which:have commicree with these industrial and 1gnculmml areas,  The
problem, in fact; isone which interests all of California, for the prmpcrin‘ of this
industrial region and the prospective growth of this country in some mcasure
affect:the ontive arcaengaged in agriculture or trade in this part ‘of the Pacific Coast,

The region divectly affectsd by the recent invasion of salt water includes the
cities and towns of Qleum, Crotkett, Port-Costa, Martinez, Bay Point, Pitusburg
and Antioch on thesouth side of the straits and Suisun Bay, and Vallejo and Benlcia
on the north side.  Salt water extends as far upstream as Rio Vista,

The estimated population of these towns and outlying territory is in excess
of 30,000,

Industrie.  The important industries located along the Straits af Carguines
and Suienn Bay are as follows:

INDUSTRIES
Left Bank: Carguuwez STRAVTS Town
j-=Union Ol COMPANT oot i SRRSO 113 .1
Refining, casing and &hxppn’xg pet*olcmn pmdum
2—Gelly Smelting & Lead Company.... - v - Selby
Branch of American Smelting & Rehnmg Co.
Smelving and refining non-ferrous metals.
3—California-Hawaiian Sugar Company. oo SN 041, 19 1331
Sugar refineries, Jargest in world, S 0()(\ 000 lb\,‘ 1 &,w
Lo POrt Costa BIek COMmPanyeny . o iuimentiin isenmoross osais soasiss oot Pore Costa
Makers of brick, e,
S—Crain . Warchouses... st s e e o POTD C08ER
Storing; ¢leaning; s)nppmgw—wprmcipally bnrky.
G Petra leumt Produets COmPany. e smn tusionmisinn e i - WIATUREE
Petroléum products. ]
FooMountain COPPer COMPANY. cor cosonrmrrnone oo st = renssmrenaen ies. o MATUINEZ
Copper smelting and r&hmng, fertilizers.
g—8hell Oil Company... : - Martiner
Refining and shippmg pmoleum pmductc
9—Sonthern Pacific Companyea . Ly e e ot i e S i s
Qperating railroad and ferries.
Right Bawk:
[0-~Mare Tiland Navy Fardicw oo e esssrnn o orngen ¥ L]0
Repaiis and construction of naval ships.
t1—Sperry Flour Company.. SO VSUUUUSIDNDNUIN \ ] 13
Milling of wheat-and other grams,
[2-—Benicia Rarrsicks and Arsenal. oo e s BENICH
U, $. Army stores.
§ 3 KU an-8a12 T Y. et binintetomrm it i smson o oo BETTET
Leather
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Susux Bay
Left Bank: Lown

f—Associated Ol Companyioe o : SOOI L T
Refining and packing for shipment petroleum products.
2-+Cous Bay Lumber Company.cemrnoomns, SPRRU——— 1A LT 111

Manufacturing and wholesale lumber; hxga ;mrage 75,000,000

E, B, M.
JeePacific Coast Shipbuilding Compam e e e Bay Point
Ship building—steel and iron products,
4—-General Chemical Company.... . ... Nicholi
Large manufacturers of heavy chemicals,
§~S8an Francisco & Sacramento Railroad Company i ..liiivcs oo oo womios

Most Linportans From Pittsburg to Antiock:

6—Booth Cammery Compuny ool s Pittsburg
Canners of fish, fruit and vegetables.

7-—Hickmott Cannery Company.... woicun. eemren oo Pittsburg
Fish, frujt and vegetables.
BoFaraffine CoMpany —ewice oo et o Pitsburg
Puper board.
9m(areat Western Electro Chemical Company.. e s iinsimmrainan Pittsbutg
Diversified heavy chemicals. ‘
10—Redwood Manufacturing COMPANY . imomidvcmmsieionne S s mmcts o PitTSbOTE
Redwood pipes and tanks and other products of redwood,
11~-Columbia Steel Company.i...ii .o (ORI 11 11
Steel products. :
{2—Pioneer Rubber Company e it i o e P BB
General rubber products.
13—H, W, Johns-Manville Company.. .ol o dom i Pittshurg
Magnesium and asbestos building specialties.
t4—=Santa Fe Railroad Company.....coo. . e i
Industries in Richmond and along the shores of San Pablo Bay are as follows
Left Bank—Below Cargquines Straits: Towri
I—Califarnia Cap Company . B 1753700
Caps for detonating high explosives,
Zo~-Staufler Chemical COMPANY. .. ccocoomesior oo skt ascriibdos s i oo SRR
Bulk chemicals from crude ores.
F-Metropolitan. Match COMPANY coiivie fomdhis beenissancisioies oo LR
Matches, ’
4—Pullman Manufacturing Company. oo oo e Richinond
General shops, repuirs and construction of cars,
§-—S8anta Fe Railroad Company v iremennt iz oo RiCh1RGH
General shops, repairs and construction of cars.
&--Standard Sanitary Mg, Company...... Richmond
Poreelain and enamel plumbing fixtures,
Distribution of other porcelain and enamel ware,
F—Certainteed Products COMPANy. ..o iuuereecmmmmssns civeneiiaiosms ioniest hevnoe o i MDY
Roofing and paints.
f—Republic Steel Packege Company ..ol e oo Richmond

Metal containers, principally drums for oil and gasoline,
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F—Srandard Oil Company.. . 0l i i Richmond Point
Refining and shipping of petroleum products,

10—Philippine Reéfining: Corporation .
Refining copra and ather vegetable oils.

11—California Wine Association... i Winehaven, Richmond Point
Formerly largest winery in world; industrial alcohal,

12—Giant Powder Company..
Dynamite and other explesives,

13~—Hercules Powder- Company Hercules
Dynamite; TUNJT, and other explosives.

.. Richmond Point

DRSOV S SPURIINS © 12714

The majority of these establishments along the Straits and Suisun Bay. produce
large-ovipies of material and are in the class ordinarily called “heavy” industries.
'.They produce products essentizl 1o modern life both in peace and war times.  Stecl,
irof; petrolenm. products of all kinds, chemicals, fertilizers powder and fuse,
leather, brick and tile, Rour and feed, lumber and Jumber products, ships and hoats,
sugar, fish and-canned goods are produced in very large quantitics.

Asurvey of the plants between Olenm and Antioch shows an anuual production
in 1927 of products valued av $250,000,000. The increase in annnal output is
large and the growth has been regulad, The first large factory to establish in this
territory-was the Sugar Company in 1907, The period #p to 1920 was an active
onerin-growth, but since salt water troubles became so prominent only onc new plant
of large size has Jocated here,

Freight in-and ont of this district by rail and water, directly atrributable to
these plants, approximated 14,000,000 tons in 1927, Three railroad systems seive
the terrifory, Vessels, both river and ocean-going, handle much freight, Oil pipe
lines from the fields in the San Joaquin Valley deliver oil 1o the refincrics, to large
tank farms for storage, and to vessels.

. Expenditare for electric power by these industries was $800,000 in 1927,
Llectric power iy Turnished by the Pacific Gas and Electric Company and the Great
Western Power Company.  The use of power increases every year, TPower rates
ard. the same as'in the Bay cities.

In 1927 these planis employed on an average of 8500 persons, the annual
payroll amonnting to $35,000,0000  Comparatively litle seasonal employment s
found=—most of the factories run fairly constantly through the year. The popula-
tion dependent opon-the factories, using 2 ratio of 4 1o 1, is 34,000.

The industrial territory-on San Pable Bay below Oleum, in Contra Costa
County, it nearly as large as the district described above. 1f the entire waterfront
area ‘in Contra Costa County is considered, we find the annual products to be
£515,000,000; the number of employees t6 be 17,000; the annual payroll
$29,000,000.

The industries between Qleum and Antioch now wse 10,000,000 gallons of
water o day. The anmual increase is- 10 per cent or a million gallons a day, All of
this water is pumped from tide water level when there is fresh water in the stream,
but some of the Factories vse wells during the salt water period.  Draft upon the
ground water i causing a change in the quality of many wells by drawing in sl
water, There is a definite Jimit to the amount of water which may be drawn from
undergronnd sources, andd it is apparént that thiz Hmit has been reached.

Factories engaged iu the production of luge quantities of “heavy” products
ordinarily locste where fresh water js abundant and can be had at the cost of pumnp-
ing, New plants seldom locate under any other conditions and when there is a
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choice between localities, the ong where water is abundant and cheap i
L
providing the other fictors which eontrol locati

fons are the same.  Thore ds tily
place on the coast of California whete such conditions existed in the pat
upper bay and lower fiver” country.  Industries now located there expecta
obtain water by pumping direct from tide levels, and the change brought sbout by
the invasion of wlt water hos added o xpense af operation and has disco
increase i plants which involve increased wse of water,

There is great need of réstoration of the favorable conditions of fresh-witer
which formerly existed in. this fegion, New induostrial establishments will the
attracted by abundant fresh water, 1 California does not provide such facilitiey
northern cities will offer greater inducements snd many industries will lotate
Pacific Coast branches in these northern cities,  There are in these other states Jarge
areas of Tand where puve, fresh witer is abundant and may be had for the cotof
pumping from permanent lakes or streams, ;

Rates for water in California eliies are higher than in the north, as s shown
in the following table:

COST OF 500,000 GALLONS OQF WATER PER MONTH

San Francisco. . oo ee st

Oakland 161,71
e ot Lo C RO SO 1 2531
F LI 1T EOO ST RCIURTTARE ORI X 9 & {

The recent disastér ta Los Angeles” St Francis Dam will probably result in.an
inerease in water rates i that city. Proposals have been made to increase the base
rate from ‘5 cents per {00 cubic feet to 18 cents, I this proposal i carvied into
effect, the rate for 500,000 gallons in the above table will bo nearly $120.

Hardness of water i another factor in which northern cities have an advantage
aver the public sapplies o California cities. Harduess is undesirable in water for
either domestic. or industrial Qes—in some classes of industries hird water must be
treated before use, ) .

The comparison below will show the refative hardness of public water sups
ic Coastcities:

HARDNESS IN CITY WATER SUPPLIES
Hardners a5 Calciom Carbonate, Parts Per Million.

plies of Pac

(Fiom Water Supply Paper 406}
Midmum  Minimum Axerage
San Francisco. : 166 %1

181 Reservoir and wells

Oakland .. !
Stockton . . $60 W:c!}sa
SACTAMENTO oo s 60 River,

Toog Angeles oo e 16%  Owens River.

251 Tos Angeles River,
Porthand, “Oregon e v 22 & g

Seattle, Washington. ... 33 14 23
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The supply of Sacramenite approximates the hardnes of water that will be
retained above a salt water barrfer. The quality of water reservoired above the
barrier will be better than any other city sapply in California shown,

Hardness may be partly removed from water ‘in moders. purification plants.
At Columbus, Ohio, water with average hardness of 272 parts per million was
reduced: to 97 parts ata cost of treatment of 2,45 cents per 1,000 gallons,  (Pro-
ceedings of American Society of Civil Engincers, Febroary, 1928.)

One of the needs of California today isa fresh water reservoir around which
factories can be Jocated with assurance of -a permanent supply of pure water. Prob-
ably no:single accomplishment in the construction program wow under discussion
will do more toward the general progress of the state.  More factories mean greater
population and more Joeal markets for agricnltural produce and amelioration of the
general-level of prosperity. of the state.

A salt water barrier at San Pablo or Army Point will semove the obsticle now
deterring the location of new industries in this region, Tt will rémove the canse of
added expense to the present plants and will encéurige their more rapid growth,

Besides: great quantitics of water, large industrics require cheap power, efficient
wrangportation facilities, both by rail and water, and a good climate attractive
labor. The lower river and upper bay region lack only warer. The salt water
barrier will supply this single deficiency. If the barrier is not built, California,
without doubt, will Jose many important factories,

Shipping Interssts.  San Francisco Bay and the rivers drafved through Car-
quinez Strait are used by boats engaged in river and bay traffic ay well ds océan-
going vessels, At the present time there is a large amount of river and bay traffic
between Stockton, Sacramento and namerous delta landings and the cities around
the bay. During parts of the year the river traffic extends beyond Sacramento and
upstream from Stockton., Ocean-going vessels Tand at Carquinez Straits’ points,
Bay Point, Pittsburg and intérmediate ports, Traffic by water is on the increase.

Tables G, 7 and 8, in this report, give the tonnage and value of “freight
carried by water.

Projects for the improvement of navigation above Carquiner Strait have been
approved: by Congress and the work of acquiring rights-of-way in preparation
for dredging is nearly completed, Two projects have been approved:  First, the
dredging of the channel through Suisun Bay to provide 26 Tfeet of water for
navigation purposes-through this bay, and second, the Stockton deep chaninel which
will provide 26 feet of water to Stockton, ‘

Projects for deepening and regulating water depths for Sacramento River
navigation are under consideration, A system of dams for controlling Tevels at low
flow has been proposéd, though not yet adopted by act of Congrés. The prosent
project: provides 7 feet-of water to Sacramento, 4 feet to Colusa, and with provision
for 3 feet-as far upstream as Chico Landing. Practical navigation upon the upper
San Jonquin is now Iimited to the head of tide water, though if the project of the
state for canalization of the San_Joaquin under the “Coordinated Plan for Develop-
ment of ‘Water Resources” s carried outy navigaton will be practical to points far
above any places récently ‘reached by boats. ‘

Witer ransportation is available to all of the islands and reclaiimed Iands in the
delta region, and nearly all of the agricoltural produce grown I thiv country is
shipped to market by boat.

Tides, currents and salt water phenomena in the upper bay and Jower river
region are important to shipping interests for several reasons: First and foremost
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is the Tact that the presence of salt water has retayded growth and, if continued;
will decreasethe agricaltural productivity of this region,  Second, and ng |
important to shipping interests, s the fact that the indwstrial region along Buisne
Bay and Carquines Strajt ie held batk in its natural growth by the menace ol i
water. - The waterscarried tonnage In and out'of this industrial area is large and fs
ou the fncrease. The completion of the deep water channel will give a stimulug 1o
commerce by water,

The natural result of a salt water barrler would be to increase very rapidly the
industrial tgm(at) and there would be, in consequence, much more freight to7he
movedl, a Jarger populition o be served, and @ tremendous increase in shipplivg:
The effect will be noticeable on both bay apd river boats and tpon_ ocean-gohig
tm{hc :

The plans for a silt water Larrfer provide for Tocks so that vessels may have
uninterrupted access to the fresh water basin above the barrier. As discussed Iater;
the Young report copsiders thoroughly the shipping business and the plans provide
for ocks of at Jeast two sizes—one for small vessels and the second for large vwwia
Liocks are designed 1o provide for fitture Tncrease i traffic, both in size and amount
of traffic and depth of drafts.

Tides and currents now cause a Tos of tinie 1o the shipping interests and
necessitate special provisions and greater care in the handling of vessels, particulawly
in the rapid currents in the Carquinez Strait region. A barrier will provide for a
constant water Tevel sbove the stiucture except during periods of flood, which will
reduice the currents to one direction only, and that downstream, and will facilitate

SR

the movenent of vessels by reducing the time vow consumed by bucking adverse.

currents.  The ability to dock without corrents is an additional value to slnps,

1t iy generally agmu’i by mvx&,amm interests that there is some benefit in ses
going vessels docking in Fresh water, in the destruétion of growths of salt water
which cling to the bottoms of the vessels and reduce their speed,  Ocean-going
shipping entering the fresh water basin above the barrier will have the benefit of
this condition, ;

Sediment carried by the river waters Into Sulsun and San Pablo Bays adds w0
the difficulties of wavigation and causes annual expenses in s removal. Debris
from hydraulic mining is one of the principal sources of such hindrances to wavi-
gation, The rivers which enter Suisun Bay bring to salt water each year-a pertion
of the debris deposited in stream channels In years of unrestricted mining.  From
the best information available, it is probable that the peak of movement of ‘debris
has passed out of the rivers and is moving through Suisun and San Pablo bays e
route to the ocean,

What effect the salt watér barrier will have on the movement is important
from the 5t:mdpi)im of navigation interests,  Studies which furnish information. on
the problem have been made sevéral times in the past twenty-five years,  The brief
statement below discusses these investigations,

I 1906 the writer, then in the employ of the Enited States Reclamation
Service, made a study of the sediment carried by many important streams in the
West, The results are in part published in Water Supply Papers Nos. 274 and 237,
The investigation had in part the determination of the amount of sediment earried
i streams that might be Jodged Tu storage reservoirs, At the time this study wis
undertaken, experimental work was ¢arried on to determine methods of field anid
taboratory work:  Sampling apparatus was designed and tested to permit the collecs
tion of samples at any depth. The vse of this apparatus indicated that the problem
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rewlved iself inte two p‘rx»cvw»mpcndui sitt and sand rotled slong the bottom.
The suspended silt was found to be very fine and to remiain in sispension a long
time, It is moved as the water moves and in the tidal portions of the stream
remaing in suspension during the tidal movements,

Samples collected daily during 1906, & 125 per cent’ runofl year with heavy
foods; gave an average silt content (weighted for flow) of 64.5 parts per million by
weight or, forsile weighing 80 pounds per cubic foot, 0,081 cubic yards per acre
foot. In 1908, 467 per cent runcfl year, the avérage silt content was 85 parts per
mitlion by aweight or-0.106 -cubic }mk per adre foot. The total suspended silt in
1906 was 2,300,000 cubic yards; in 1908 it was 1,550,000 cubic yards,

The greater part of this material continues iw suspension until the bay is
reached, where slow currents permit 2 part of 1t to drop to the bottom. Floceulation
from salt-water to-some extent encourages the dcpos:txon.

A salt water barrier will have the effect of :mprm'mg conditions as iffected
by the deposition of the suspended silt, Fresh water above the bartier will remove
the effect of salt water flocculation above the stricture and there will be o greater
tendency for the silt 1o be carried lower than under present conditions, As it is
now, the Aocculation commeénces in Suisun Bay or st the first point where fresh
water and salt water mix. Eighty per cent of the sediment is carried in the flood
months, at times when the barrier gates will be opened and the current above the
barrier is-highest, In these periods the tendency will be for sediment o be carried
through the barrier with less deposition in Suisun Bay than under natural conditions,

Below the ‘barrier, where fresh and salt water mix, there will be the same
tendency for deposition and Hocculation that now ¢xists, the only Tmportant differ-
ence being the decreased tidal movements due to the barrier;  There is no'reason o
eXpect any great change in conditions from those now found: Sediment moves to a
large extent in flood periods, so that any sccimulations which are deposited in Jow

flow periodsor in years of light runofl are swept away in flood years. Fine sediment
which enters the streams: probably will not greatly change in amount ‘in futore
years,-as.the fine materials originating in former hydraulic mining operations are on
the decrepse.  Storage reservoirs on the headwaters will tend to trap sediment and
further reduce the load that will arrive at tide waters.  On the whole, the barrier
will ‘probably-benefit yather than harm the navigation interests so far as it affects
suspended silt,

Sand and: conrse debris rolled along the stream bottom make ap an important
bt unknown part-of the total stream -Joad of sediment. ~ Estimates by the writer,
miade n 19035, indicated: thal the ‘equivalent of from 10 to 20 per cent of the
suspended load-wag carried along the bottom. In 2 recent study of silt in the Colo-
rade River (U 8. Depr.of Agriculture Technical Bulletin No. 67), the estimate is
made that i that stream 80 per cent of the silt is in suspension and 20 per cent
cartied as bed Joad. Though the actual quantity may be in doubt, there ¥ né question
but-that the stream bed at Sacramento and below has been lowering in recent yearss—
an-indication that the burden of debris from the old hydraulie mines is decreasing.

Sand and gravel along the stream bhed deo not move at ordinary flows but only
when: the stream 15 in flood. The barrier, therefore, will have little or no retarding
effect wpon the-movement of sediment carried along the bed, for in times of food
the flow in all practical consideration will be unobstructed and the downstream
velocity will be practically the same as without the barrier. The bed load will
move a8 it now does, or at least will move as it would do 1f the barrier were not
present.
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Strucrures du Warer, The teredo and other varferies of marine Jife which

destroy wood have been noticeably active in San Franciice Bay s adisining waters
gince about 1914, Prior to that time a1} wharves, docks and other gtractures in
water ini the upper bay conntry were built of untreated piles and the lives of the
structures were very long.  About 1914 the toredo became active and in the dyy
vears which followed 1917 practically all wood structures in water below Aptioch
were destroved,  The Marine Piling Committee estimates thar $23,000,000 damage
wig done in thiv period.  OF this sum seversd milllon dollars represent damages
in the territory apstremm from Richmond,  Here the invasion of the weredo b
encouraged on aceount of the encroachment of wlt water. In carlier periody [resh
water wag present cack vear long enough to prevent wood-destroving animals
establishing themselves,
- Many of these structures have not yet been replaceds . Those which have heen
replaced Jiave been largely of creosote or other sreated piling ar an addidional vort
over untreated fmber, No form of treatment gives permanent protection but
reduces the activities of boring anfmals and lengthens the life of tmber,

The cost of structures built of tmber s, therefore, greathy Tacreased over what
it was prior to the invasion of salt water in the upper bay, Where concreteis used
an additional increase fo cost also ocours, Loy contrete 1o bé placed In sea water b
10 be of much better quality than concrete suitable for’ fresh water conditions,
"The ordinary mix of concrete for sea water contains approXimately two-thivds of o
baryel ef coment per cubic yard in excess of that considered good guslity for fredh
water conditions.  On this account alone concrete work costs at least $2,00 & yard
more, due to the salr warer fnvasion,

Under the present conditions, 21l fature structures w be erected in this »
must be built to resist teredo and other borinig animals and salt water, The increused
cost of wharves, docks, bulkheads, and ©1 shmilar structures in water, will approxi-
mate 20 t& 25 per cent morve than 1 fresh water were preseat. The constinetion
af 2 barrier to prevent the encroachment of wlt water will greatty shaphify sach
construction work and will reduce the cost under present conditions,

fou

Corrosion of Puneps, Piping and Equipment from Salt Wazer.  Steel and iron
are corroded more rapidly in brackish or sdl¢ water than in Tresh water, Experiments
indicate that unpainted steel or fron Jasts from twe to tén times as Jong in fresh
water ag in brackish or salt warer, "This means that all gates, pipes, pumps and
other parts of structures in water, or In jodustrial csablishments where water B
sed, must be painted frequentdy or they will corrode more rapidly, require nyore
frequent replacement, and cost more to operate than where fresh water iy proswent,
In the Jarge industries, such ae oil refineries, steel mills and plants where Yavpe
amonnts of cooling water are used, this becomes a very important factor,

Aceurate osfimares of the cost of salt water due to corrosion alone are Jifficnls
to make, My, G, W. Schedler, of the Great Western Blectro Chemien] Company
of Pittsburg, California, estimates that there is 2 minimum of thred milhion dollan?

worth of equipment lodated in the planes bétween Crocketr and Antioch being airks
ously depreciated by the presence of salt water.  The normal Tife of thivequipment

§s twenty years, or a depreciation of $150,000 & vear; Mr. Schedler estimuts
that the salt water conditions of 1924 caused 2 deprechation twive as fast w oiding 0

arily.  The Joss between Crockert and Avtioch in that yew B a cwh lo
$136,000.
Conditions wearly as bad sz 1924, so fur a3 these Industries wre cone

ocerrred i 1920 and again in 1926, and in cach of the vears bevween there $ i

g

il
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inerease i corrosion from it water,  Conditlons in the Tiuwre offer Hude promise
of improvement, and the probability s that wnlesy & barrier 5 constructed the
present indusuiad plants alone, without consideration of {hture extensions or new
phants, will suffer an mnnual Jow from salt water in excess of thar experfenced fn
the past,

Tstimates by the writer In the terrijory from Oleum to Antioch, on both sides
of the channel, ndicare o Joss Trom salt water corrodon Tn excess of that made by
My, Schedler. The wiiter 3% 0f the opiaiow that the average annual loss approxi-
mates $300,000 s« year In the plants now operading. :

Réilreads. The natoral and mest foeasible direction of travel vorth o south
i acvose Carquinez Stradt for both vehiculer and rail traffic. At the preseat time all
railromd rransportation T handled by beats,  Four Yines of boats carry Freight and
passengers across this waterway, A vear ago the first bridge was builte—-chat across
Cuarquinez Suait—{or vehicular taffic only,

The Scathern Pacific Company, the greatest riflroad svstem in Californis,
has studied g plan of bridging Carguinez Strait for many years, 1t is undersicod
that a more active study of this problem is now going on than in any time in the
past, and that prospects are good for the milroad to carry out such a development,

The San Francisco-Sacramiento Railroad, wiich crossés the channel wear the
upper end of Suisun Bay, at one thne acquired a permit to bulld & bridge at this
point, The traflic carried by the company did not warrant such 2 heavy expenditure
av that tinge, but recently the contral of this voad has been aequired by the Western
Pacific Railroad Company, and it s lkely that a large development of this trans-
portation conipany will ke place i the near future,

Anv barrier built o hold back ride water caw he ewily arranged w act a3 3
bridge for vl and vehicwlar uaffic. In the Young report, a. part of which iy
quoted Tater, evtimutes of the cost of providing such a barricr with a bridge are given,

Two applications have been recently fled with the County Board of Super-
visors of Contra Costa Countd for a bridge permiv adrosy the bay region in the
peighborhood of Richmond, the estimated costs belng from $9,000,000 to nearly
$20,000,000.

Should the barrier be built at San Pablo Point, it can scrve theve all present
and probably futare tansportation needs. & barler in Carquiner Straits, either at
Army Point or Dillon Point, will be available for il transportation and when the
present bridge facilities ave owtgrown it may be used for vehicalar traffic;

Mr, Herbert Benjamin, of the Southern Pacific Company, stated before the

Jotut Legislative Commitiee on April 16, 1928, that his company had made plans
For a bridge between Tulls Head and Army Point, and thar the cost, including
approaches, was estimatad to be less than $10,000,000. The bridge wus designed
to give clearance of 70 feet.  Application for permit had not Been formalld made
to the War Department,
" The site selegted for this bridge is one of the sites investigated by Young, and
any bridge built Tor the railroad would prevent its vse as a site for o slt water
basrier, Tt s highly advisable thatr full considevation be given of the barrier
problem before any bridge pérmir i Tee Tor dis Tocation. The barrier can be made
to werve as o bridge and the advantages of the double wse are apparent, 1 the
burrier 35 built to accommodate both rar} mnd vehicular waffc swnd a proper allowance
niade Tor this service, the net vost to ofher interests can- he Towered,  This phase of
the guestion s diseussed Tater fn this report,

Fervizs. . 'The fervy from Benicia o Port Costa, now operated to care for
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veliicles, conld be replaced by a barrier at Army Point or Thllon Point. The foy
now operating irom Richmend to Point San Quentin conld readity b seplaed by g
barrier at San Pable Point.  "This slow method of crossing the water barriey winy by
replaced by a modern bridge, with litde delay in traffic and with cost not greater
than the present ferry charges. The antomabile registration in California is onithe
increase and travel across the straits will be greatly stimulated by a bridge.  Thine
is no certain method of determining this quantity.

Local Skipping. The tonnage and vatue of Tocal shipping on the Sacramentis
and San Joaquin rivers are given in attached tables. It will be seen that thers has
been a wearly constant increase in {reight, except during the period of, and follow
ing, the Warld War. At present 2,100,000 tons of a value of $140,000,000 ae
carried yearly,

‘The increase in shipping which will follow the construction of a barvicr
against salt water will benefit Jocal shipping.  As shown elsewhere, the advatages
of the barrier will offset the disadvantages, and on the whole greatly henehit
shipping.

Ocean-borne Traffic.  Ocean-borne traffic s varied, though Jumber and
petroleum products make up the greater part of the businc%. The tables attached
show the volume of business in Subsun Bay to be about 214 million tons, valued at
over $40,000,0005 for Carquines Straits 4to § million tons valued 3t $100,000,000

$150,000,000; San Pablo Bay 4 million tons valued at over $60,000,000,

Increases in ocean-borne traffic will follow the building of « barrrer md
completion of a deep water channel to Stockton,  The stimulation: - indistrial
production will greatly increase traffic for all clases of vessels, - Ocean shipping
wilt benefit by the ability to dock in fresh water without the mendce now. caused by
tidal currents, - Frosh warer tends. to ¢leanse ooean: vessele of growths which retard
mavement.

The menateto shipping in passing through:locks 35 so small that no additional
insurance 18 ‘charged o vessels which wse Jocks: . The safeguards to navigation, fhow
provided around Jocks, greatly reduce: the danger in using them. Periods of “fog
are the times of greatest difficalty, The remaval of ferry trafic seross the srais
at Benicia will probably offset the dangers due to navigating through' Tocks in
foggy weather,

SOLUTIONS OF THE SALT WATER PROBLEM

Several solutions of the salt water problems may be suggested:

1. Salt water barrier;

2. Storage and release.

3. Fresh water brought in by conduits or pipes.

The fiyst is the only complete and the maost satisgfactory method ol solving the
problem, The Young report best describes the barrier and e effects uponiihi
territory.

The Young Rafmrt Mr, Walker R, Young, Construction Engincer, U
Burean of Reclamation; has written a “Repoxt on Salt Water Bamx«r——-(»hftmm‘
Below the Confluenice of Sacramento and San Joaquin Rivers.” This repost s dawd
August 27, 1927, and was made by the U, 8. Burean of Reclamation in cooperation
with the California State Dapartmunt of Public Works, Divisiow of Engmeciing
andl Irrigation, and Sacramento Developiment Association.

The report consists of ' volume of 405 pages of discussion and desriptivg

SR R WTER TROBLEAM 1

m &mi ihsw:f %hzsma gwmy i‘m*}x'd% ui imunm v arious :
,§n dhes valomtiextended over o pesind Y oxcess of r?m*u
W, LU3 iahedare of completion.

_'mzz n? feld wirkowasdone w2 basis for office stadies. The
v detude gl prablenis G aflect the condtruetion or aptration 0f the

vt Mrl Young deseribes in detail the various investigations he has
s the st water ytoblnm. He presents sixtern preliminary designs
# with thiee altoroatives “in order that the) may be readily available
nmmr stidy which fo considered necessary in the final determination of
hility of the barrier.”” He made “no sttempt to study the economic aspect
o problém other than to enumerate the advantages and disadvantages, as such »
sz wot considered - within the scope of this (his) report?” The report;
fore, s it engineering ‘staidy of the barrier so far as concerns its physical

' ¢ report determines what kind of a barrier should be built to accomplish its
wmwimcg and presents: & Jarge aount 6f odata to show it bearing upon varions
Setivities which will be affected by it Four sites were mvestigated and the merits
i ohjeetions to cachi are et forth in detail, but no final recommendation as to a
st is wdde.

The [ollowing quotation from this report gives in condmwd form the
coentinls xmlnd‘cd therein:

SoMSUMMARY-OF RESULTS

UG eneral. . The stadies made lead 1 ithe conclusion that it is physically
feasible to constrict a salt wates bareier ‘at any ouc-of the sites investigated,
Bt at great expente; and ‘that it will be effective in controlling the salintty of
. the rescevoir impounded. above it Not only will /it ‘protect the delta and
industrial plants slong the shores of ‘the bays, but.its construction will resalt
i the conservation: of q )arge part-of the fresh water required to act as 2

_patural harrier against invasion of water under present conditions.

“Without the barrier, salinity conditions will become more acute unless
Trountain storage s provided 1o be released during perieds of low river dis-
eharge 1o:act a5 a natura) barrler againgt invasion of salt water. The amount
Gstimyuted as necessary to act a8 a-nataral barrier was in cxcess of the flow in the
Sacramento River above Red Blaff in 1924, and Red Bluff is located above the
points of diversion: of ‘water used in irrigating the Sacramento Valley,

“T'he sites selected for development by drilling are considered geolog-
ieudly satisfactory for the type of $tructure proposed.  Although preliminary

o dderigns and estimiates.are presented for four sites, there are only twe general
 plaws involved. " A bartier; if constrocted at the Army Point, Benicia, or Dillon
Pointsite, would create o body of ‘fresh water in Suisun Bay and in. the delta
channels, while a barrier at-the Point 8an Tablo site would include San' Pablo
Bay ns well

“Type of Dam Proposed. "The type of structure to which principal con-
dideration d3 piven 18 one in whick the ship Jocks and flood gates are located
. one side wpon rock Toundations, the closire of the present waterway being
uttectad by meangof anearth and rock A1 dam to be brought up to its designed
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height after completion of the ship Iocks and flood gate swocture.  In another
tvpe studied the flood gates form the closuve between concrete pank sk 1w
bed vock foundations in the present waterway by the open caisson method.
Both rypes have been designed with and without provision for carrying a
road and highway

“The passage af floods is probably the mest important problem snce it
involves the sifety of the dela Jevee system, T wounld be desivable, if prace
ticable, to provide gate arca <‘Qx"v:\l<~nt 1o, op shightly in excess of, the present
waterway avea fn order that conditions of fow might remain unchanged, but
the accomplis shment of this pran would be very cestly, if wot altogether
infeasible,

“In the design of the structure, advantage is taken of the difference in
the clevation of water sprface which it is possible to' create above and below
the barrier to dischavge flood water,  On wccount of the fluctoating head,
resulting from tdes on the downstremn side, the discharge through the feod
gates will vary from a maximam avTow tide to @ minimom at high tide. The
resgrvoir above the barrier, therefore, will fonction as a Basiw in which the
river discharge in excess of the flow through the flond getes ar Wigh tide s
stored to Be discharped av a rate ju excess of the river d:Sx,hmga during low
tide.

“The flond gates are of the Stoney roller type with sills depressed o 50
or 70 feet below sea level in order better o control the s ity of the water
behind the barrier as explained in Chapier 1X. In operation, the gates would
be yaived clear of the water surface av yequived o allow free passage of the
floods. As the flood receded the gates would be Towered, one at a time, @
necessary o maintain the warer surface above the barifer at any predetermined
clevation,

“The requirements for pm«m@ vessels t?mmg? the barrier is an huporeant
consideration irrespective of where it might be Jocated, but particularly, if
located below Mare Tsland Navy Yard., Tn the designs proposed, ship Tocks
have been provided in nuinber o care Tor considerable growth i water-barne
commuerce, and i size to pass the largest ships Bkely to navigate the waiers
above the barrier,

“Tw some of the designs for the Apmy Poine site, the ship locks would be
constructed away from the food gates, which, of conrse, would be advantageons
for shipping during the passage of great floods fromy the yivers, bur these wre
rare avd consdderable stody would e required before it could be determined
whether the sdvantage thus gained would offset the advantage of having the
farge salt water swnp adjscent w the ship locks where the salt waver éntering
the Fresh water reservair through the Tocks could be cpaght and returned to the
salv water side, I ds possible that the design with the s np lacks and flood
gates separated would be even more efficient in controlling salinity, buv this s
doubtful.  The plan at the Army Poinr site in which the stractures are sepa-
rated interferes least with the plant of the Mountain Copper Company and
restilts i economy otherwise,

“In the designs including a raitroad and highway bridge across the Focks
these have been placed at an elevation to permit ¢ Targe proportion of vessels
wing the Jocks to pass underneath without opening or lifting the bridges.
In one design av the Dillon Point site, the clderance js made sufficient o y

THE SALT WATER PRORIEM

ape hipe without the nedesity of moving bridges. Adeguate clearance will

wCHi Dmportant 2% vewrs henee than at present on aceount of the hicrease

S Be ddpectisd s commeree.

CA fish Tadder Bs provided in one of the ship lock walls and provision 3
seade for yelieving salinity aliove the barrier by pmnp'wg salt water from that
dde iy an emergency, The desi ign of the structure ¥ discussed in Chaprer 1V,

Hstimated Cost. Following is a tble showing the estimated cost of the
fiavsier af cach of the sites nvestigated, Tt should be noted, particularly, that

vhe extimates for the Benicla site are based upon assamed fouumuon conditions
shwee the site was not developed by drilling ay were the other three sites.
Nev attempt will be made to analyze the costs; as such an amalysls would be
uite involved and of no partienlar value, Canclusions as to the desirable plan
e he avrived at best by balancing the estimated costs against the features of
the design as shown on the general plans referred to i the tble, and to other
diawings contained n Volunie IV, Esthmate No. 13 is wnique in that Cax-
xlml‘ti Strait, for its full width, s taken advinitage of in providing an extra
targe flood gate area, and the raifread and highway bridges we placed at the
clevation required to aveid the necessity of lifting bridges to allow the passage
ol vessels, .

“The preliminary estimates are believed o be conservative.  Refine-
meits in the final designs will undoubtedly result in reduction of quantities,
All constraction materials are readily available m large quantities and can Be
brought to any of the sites im’a‘f;tfg"zttd by it or water,  Large manufacturing
y}mtx, foundries and machine shops are Jocated nearby, all 1mdmg toward low
unit costs, Tho cstimates of cost are based upow present prices of material
and labor,  Should these change materially it will; of course, be necessary
mike adjusoments in the ostimates.

“The henefits to be derived {rom the construction of the barrier are
helieved to be coramensirate with the cost but an economic study of the situs-
tion must pmcadc the adiustment of the cost of the barrier for the reason
that so many interests will be directly affected—benchiclally or otherwise,
“The trae value of the project can be determined and 4 decision reached s to
who should contribute 16 the cost thereof ondy after sach # study has been
completed,

WPides and Floods;,  The most eritical condition t©o be met 52 combina-
tion of & large flood from the rivers, 2 storm on the ocen tending to pile up
the water driven throngh the Golden Gate In:the bays, and an unusually high
tide,  An wvalysls of past floods leads to the conclusion that provision should
be made for the passage througlt the barrier of not Jess than 750,000 second

feer,

“According to computations made the effect of a barrier of the type
proposed at'the Armiy Point site would be to raise the water sorface immediarely
dbove the structure 0.7 of a foot with a discharge of 750,000 second feet,
The effect would be felt Tess at the mouth of the vivers as a result of the
»nmmh?ng out of firegularities by the reservoir created, The studies mdiceate

that 5F 2 750,000 mmnc‘ oot flood from the rivers should toineide with a
tide reaching the maximum height records at Army Point in 1909, hut other
wise similar to the high tides of Janvary 24 and 25, 1914, the ¢levation of
extreme high water (8.5 feet above mean sea level) at Collinsville, compuated
hy the Flood Control bodies of e State, would nor be exceeded.
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“Ie iy probable that the rise in water srface av Collinsville, due 1o 2
barsier at the Pobit San Pablo site with equivalent gate areq, would be Tess than
if Tocated at the Army Point site, bot it would not be safe w reduce the gate
area at Point San Pablo for the reason that extreme tides through the Golden
Giate are mere effective near the gate as evidenced by the fact that the dide of
November 18, 1918, at Presidio, was 0.7 feer higher than that of January 25,
1914, at which time the maxioon elevation of water surface at Suisun Chy
was reached,

“Ar the Army Point and Dillon Polut sites the ship Jocks are considered
effective in passing extremely Jarge floods but dhey are not considered available
at the Point $an Pablo site because of the greater wecessity for keeping the
locks open to navigation at that dite, even during great floods,

“The effect of a barrier at the Army Point sire would be o reduce the
tidal volume passing the Golden Gare by less than 8% in comparison with
abour 359 i it were built at the Point San Pablo site. The oceurrence of
frequent high tides in the bays due to piling up of water in them a5 a reslt of
storms on the ocean would be to eliminate through construction of 2 barrier at
any one of the sites investigated. The effecr on the clévatioe of dides below
the structare would be 1o raize them slightly according to the U, 8. Coast &
Geadetic Survey.

“Nagigarion and Bridge Trafic. Any plan Tor the contrel of salinity
involving the construction of a dam acress the bay or river channels must be
coordinated with the requirements of navigation,

“Ship Tocks are provided in number aud size to meet the reguirements of
the present and immedinte {uture. Provision for nltimate trafic at the time
the Barrier is constructed does not seom necessary since flood control on the
upper rivers will liiprove to permit the seplacement of flood gates by ship locks
as the need for them develops. A summary of the operation a8 it would have
occurred on July 6 and 7, 1925, is shown in Table 6-33,

Although railroad and highway bridges are contemplated i most of the
desigus they are not regarded as indispensable and gre E)m%twd 'in some in -
ticipation of indiflerence on the part of railroad and ]'ughw‘ﬁy interests tf:m':\;rc’(
the opportunities afforded by the barvier, In the stodies made it is considered
that traffie over them is subject at all times to the convenience to navigation.
“The bridges are designed to give a vertical channel of S0 feet above high water
when in the lowered position and 135 feet when rafsed, The interruptions w
bridge tiaflic, as they would have been on July 6 and 7, 1925, are summarized
in Table 6-41,

Ay examination of Plates 2-3 and 2-4, showing depths in San Pable and
Suisan Bays, will indicate the Timitations placed npon commerce wnder present
fidal conditions. ¥ the elevarion of the water wurface above the barrier were
maintained at wbour 254 feer above mean sea Jovel, a constant depth équivalent
to that at mean high tide under present conditions, would be obtained. Uncer-
tain and varying tidal currents wonld be eliminated above the barrier and they
would be reduced in velocity below, The maintenrice of & permanent water
Jevel would not only be convenient for navigators but would be a material
henefit 0 owners of wharf property above the barrier. S

*T'he farther downstream the barrier is located the more it will interfere
with shipping. Locking requirements can be satisfied with least expense at the
Army Point site and conditions are most unfavorable at the Point San Pablo site,
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“The construction of a Barfier at che Point San Pablo site probably would
B tooked upon with disfavor by the Navy Department for the reason that it
would restriet free navigation through San Pablo Bay o the Mare Island Navy
Yard by the necessity of passing war vessels through ship Jocks, This objection
does not apply o the Dillon Point, Beniciz or Army Point sites,
HStarage i the Delte Channels and Bays., For convenience the calculated
storage in the tidal prism ghove each barrfer site, between clevations —3,6 and
W64 U, 8 G S Daram (0 and 10, UL 8, Engineer Datum) hias been sum-

marized iy Table 7-2, Volume 11,

) “8ilr. The problem has been attacked with the idea that any structure
that would be detrimental to San Francisco Harbor would b looked upon with
diefavor by tHoese in Jurisdiction. The investigation has ot definitely deter-
mined the cffect of g barrier opon silting. Conclusions must, therefore, take
the form of conjecture until studie more comprehensive than it was pasible
o make D this Ipvestigation Rave been complered.

“The construction of a barrier at any one of the sites Tnvestigated may
possibly have a Beneficial effect upon the Golden Gate bar rather than detric
pretal. The movement of silt toward San Francisco Bay will be checked by
the constraction of a barrier at Ariny Point, Benicis, or Dillon Point, A bene-
ficial effect npon the Pinole Shoal will resalr through the construction of a
barrier av Army Point or Point San Pablo, “The effect upon Pinole Shoal of &
barrier at Dillon Point is at present indeterminate, as s also the effecr on sifving
o San Francisco Bay of a barifer at Point San Pablo,

“Whether the scouring. sction of the tidal corrent tends to mamtain or
destray fixed chaanels by the buy system remaing o be determined, Should
shoaling occur ft will be comparatively small in amount and the channels can
veadily be maintained by dredging, perhaps with less effort and expense than
withowr the basrier. Dredged materizl pumped Tnto the marshes would build
them up and improve their fertility.

“Soltnity, ~ In yeare of normal river discharge there is no salinity prob-
tem in the delta. Tt is menacing for a few days in the fall only but, considering
the marshes swrounding the upper bays and the towns and Todistrial plants
along thetr shores, the encroachment of salt warer presents a serions probdem
almost every yewr,

“Conflict between frrigation interests i the upper vallays and in the delea
region never will ocour Iy vears of Twrge ron-ofl for the reason that in the
development of storage the constriction of expensive reservoirs to hold the
excestive yun-off from the dralnage drea, decurring only once in a number of
vears, will not be pr:u:f'{f;?blc even though sufficient reservolr sites in which w
stare all of the van-off were available.

“The introduction of salt water into the Freshwater Take through the ship
Tocks ean not be prevented but means are provided for drawing off this st
water and thereby controfling the salinity of the water wp-streaw [rom the
barrigr. :

“Leakage of salt water past the flood gates, although comiparatively small

T amount, can be prevented by maintaining the water surface above the barrier

ar i higher elevation than below,
HPDeep gates, opening from the bottom, are essential to the successful oper-

~ation of ‘the arrier for dependence is placed upon them as a means of drawing
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off the heavier salt warer which secks the deep holes and cliannels; and for
flushing out the reservolr gbove the barrier,

“Unless fresh water is available for o
the barrier will gradually become salte, Flushing ran be sccomplished quite
readily 3f water is available for that purpose. The studies of weater supply, al-
though based on meager data, indicate that i normal years there will be from
cleven to twelve million acre Fect available for that purpese. In vears of de-
ficient warer supplt there will be Yttde, 3 wny, Tresh water weailable for Aush-
ng and the reservolr above the barrier may have w Nold over éne or more yoars
without flushing.

nal Bushing, the reserveir above

“Return Flose,  Return fow will inevease with irvigation development in
the upper valleys with the result that the st menace in the delta will be alle-
viated; but, even though the return flow should increase w the 3500 seeond
feet estimated to be safficient o act as 2 natweal barsier against encroachmen

of wlt water, the demand for water will be sech that it couldl ot e used for
that purpose unless it 1 replaced by water {rom mountain storage.

1
¢
I3

“Contrel 6f Selbwiry Iy Sterage in Mownteln Reervoiri, Salinity
the delta can be controlled threugh construction of storage reservoirs in the
mountains from which water could bie relessed during the season of low yiver
discharge in the amount necessary to act as a naturdl barrfer against invastons
of sl water. Mountain storage would be a tempordry sxpedient for the resson
that, nltimately, there will be nse for dll of the available flow from the rivers,
and the discharge fnto Suisun Bay and thence to the ocean, of water sufficient
o act as a natural barrier against salt, would be an ceonomic w However,
storage created in mountain reservoirs constrocted mainly for other purposes
might be wsed for some time to contral the slinity in the upper bays and
delta channels during development of the requirement for foll wse of the
reservoirs for the purpose for which they wore primarily cdnstructed, thus de-
forving the large uvestment in the salt water barrier,

“Tereds. The factor of mlinity s one of fundamental buportance in
the distribution of teredlo, The average lethal mlinity for teredo navalis, the
specics to be feared most in the upper bays, has been dc!:crmimc?‘ (:,‘sz?il'im‘cn[:t”:y
as 5 parts per 1000, therefore, if the water above the barrier e mamtained at
2 concentration below the Yimit For irvigation we teredo can not exist there:

“Firk, Pishing industries abiove the barrier, if constructed, should not
snffer for the Yeason that, even though the fish ladder, which is an integral part
of the structure, should fail to function, the fish wonld not be pievented from
cutering the Dresh water reservoir hecamse they wounld have frer accesss to dt
through the ship locks which, under noymal conditions, would be operated
many times thronghont each day and night.

“Sarpage.  No fovestigation was made of the effcet of the barrier upon
sewage, but from fovestipations wade elsewhere it appears that fresh water will
be better adapted for receiving sewage than either falt or Lrackish water sinte,
gallon for gallow, fresh water disposed fn @ normal manner of more sewage
than sale water. 1t will be kest, in this respect, to keep the water sbove the
barrier Trash Beanse the infermittent admisfon of salt wawg interferes with
hacterial, animal and vegetable growths that effectively aid in tking core of
and digesting sewage,

e of Water i Operation of the Barr

. The seven mam sources of
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fors of Fregh water sccompanving the operation of the barrfer are avaporation

Fram the water surface of the reservoir created; water requived for the opora-
thin of the ship Tocksy leakinge around die flood gates; water vsed in operating
thie fish Taddder; and water w supply the requirements of industries, mnicipali-
thes and posibiy irvigation. With the exception of loses prst the flood gates
and through the Ash Tadder, which are constant for the sume tvpe of structure,
the Josies increase as the barrier Ts moved dewnstream and this [actor has an
fnportant bearing upon the selection of a site,

"Owing to the incressing dificulty of meintaining the reservoir created
by the barrier free From salt water a5 the water surface s permitted to falf, and
bevause of navigation requivements, it prehably will not be advisable to allow
the watet surface to fall below mean seaTevel. Likewise, becuse of the nature
of the delta Jevees and the cost of ‘drainage in that reglon by pumping, the
ultimate maximum allowable water surface for periods of séveral months
duration may be fixed at 4.0 feet above mean soa Jevel, although Jater deveiop-
mrents may show that this maximum storage fevel can Be inereased to 5.0 Téct,

“Tr B not necessary 1o decide at this Gme at what elevarion the water sur-
fave above the barrder should be maintaived. To begin with, it should be hadd
at, ar-a Jicde below, ordinary high tide level, As time goes on the clevarion
nray be rateed as experience dictates.

“Water drawn Trom the fresh warer fake for irrigation, domestic and im-
dusteial uses, s well ss that requived in the opefation 6f the ship Tocks, should
be replenished from river flow or mountain storage with the idez of maintaining
a constint depth of water for the navigable waterways cffected by eonstruction
of the barrier. In years of extreme Jow ru-off the water sorfice could be
drawn down 1o the elevation of e sen fevel, or posibily, in ah emergency,
to the elevation of mizan Jower water,

“As the water sarface behind the barrien is lowered, the cost of maintain-
ng the Delta Tevee—not consideving fAovds—shauld hecomie Yossy the cost of
pumping water out of the Jake for any nse becomes greater; the cost of pump-
ing secpage water would beecome Yess; the difficulties of keeping the lake fresh
would inerease; and the deptlt of navigable chamnels affected would become

Tess,

“Ship Tovks are provided In vacious siues in order W economine on the use
of fresh water and to prevent entrance into the fresh water lake of larger vol-
umes of wlt water than necessary by requiring vessels to wse the smallest lock
which will sccommodate tdiem. Tonrermediate Jock gates are added for the same
FRARESTIN

“Feonomy in the use of fresh water in the operation of the ship Jocks can
e effected through the adoption of lock gates divided horizontally at a depeh
wy allow @ farge porton of the vessels having o dhallow craft 1o pass through
the Tocks without opening the Tower half of dhe gates and 3t 8 assumed that this
tvpe of constraction will be adopred. Tt i estimated that the resulting annual
saving of fresh water, based on an average daily traffic as it was on July 6-7,
1925, would be;

Aray Point SHte i [PEL000 Acre Feet
Dillon Point Site e e TGO
Point S Pablo 8o i 0 295,000 “

it being assamed that the water surface above the barrier would be maintained
at an clevation 254 Teet dhove mean sea Jevel,
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“Ie will be necesary to flush the reservelr, proferabl v onee each vear, w
rid t of sccomulations of brackish water resulting, pl‘)l)\lpa”\ throngh the
inability to trap all of the sl water Gading i w ay futo the fresh water yeser-
voly fmm ane source or andther, The amount of Prosh water required cannot
be predicted with any degree of sccuracy but » study was made of the amount
of Tresh water available for the Qpemtmn of the ‘mmm‘ based apon the az-
sumption that storage in the moeuntaim was well devel qu The study is based
upon meager data Bt the results ave believed to be indieative.

“I“mm Table 10- 1'4, it s evident that if the maximam height of water
swrface in the reservolr is restiicted 10 294 foet above mean sed Tev @} the water
stored in the reservolr thus formed will not be mﬁu ient to operate rhc barries
at any of the three dtes studied ¢ during the irvigation seasen, even  vears of
heavy ruw-off, and it will be desirable, Emefuw o seck the highest pmcmab
clevation at which to waintain the wtom?e Tevel,

“The shortage duse to lack of reservoly capaeity increases w¢ the barrier ks
moved downstream, although the capacity of e feservoir is greater. This is
principally due to the greater evaporation, and to the larger requirements of
mavigation, industries and municipalities,

“As the storage clevation above the barrier 15 raised the amount of water
available for flashing in years of low run-off is decreased. ;‘wmxd‘ng to Table
10-13, no water would be available in the scason 1923-24 for Bushing out the
reservolr created through construction of a barrier at the Point San Pablo site
whether water were impounded 1o elevation <-2.8, 4.0 or <}-5.0. It appesrs
that, in any case, there wounld be no flnshing water available in 1923-24 3
watey were stored to elevarion 5.0 although in 2 normal year there would be
% large amount available for fushing, mgardlef:s of whare the bartier is con-
striucted or of the elevation ac which the water surface above the barrfer is
maintained.

“If the above analysis is «ouut it may be concluded dhat since one of the
principal ohjects of tm salt water barrier s to conserve fresh water, it will be
desirable to maintain the Targest practicable storage capacity abave the structure.
Likewise, it 3 evident that the farther downstream the Tocation for the barricr
is chosen the greater will be the quantity of water required for operation, and
the greater will he the shortage dwring seasons of Tow rup-off, Since the
shortage must be supplied {rom mountain storage by order o maintam sufficient
depth for navigation, and o hotd the water level 'at an clevation where the
reservoir will not be deluged with sale water whenever the ship locks are
opened, it is apparent that consideration of the necessity for comservation of
water would require the selection of one of the ugstream sve rmy Point,
Dillon Point or Benicia, if the latter, npen mvestigation, i fonnd to be suimble
stracturally.”

Discusiion of Young’s Report, The summary just given of Young’s report
gives his main enginearing conclusions. As'will be seen, the engineering conclusions
are as follows:

1. The construction of & salt water barrier 35 femible at either San Pablo
Point or at one of three sites near the upper end of Carguiner 8trait,

2, The barrier can be utilized for both rad and automobile wraffie,

3. The cost will depend upon the method of construction. A barrier can be
built at Army Point with bridge of 50-foot clearance for $49,80 (),‘(TO;
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at Bewicha for $46,200,000; st Dillon Point for 844,700,000, at Point
San Pablo for $75,200,000.

4. The barrier will pass a flood of 750,000 second feet (Jarger than any flood
measured into Suisan Bay) with an cetimared ralsing of water sarface of
0.7 of a foot at the barfier, at Army Pointy and abour 0.535 of a foot at
Collinwille, Water Ievc‘ in the delta under extreme conditions are esti-
mated to be below clevations of high water computed by Flood Control
Bugincer of the state, With x barricr at Point San Pablo, the raise in water
Jevel wonld be slightly tess than at Army Point,

5. The barrier would effectively handle both water transportation through
Tocks and bridge trangportation,

6, The barrier would store fresh water and prevent the encroachment of
salinity now taking place every summer.

7. The barrier will prevent teredo from working sbove ity Jocation.

8. The barrier can be operated so as wot to he a detriment to the fishing
tindustry,

4. The clevation av which watér {s maintained above the barrier in summer
has not been determingd, To begin with it should be held a little below
ordinary high tide, This point is discussed in more detail n'the following
pages.

Iy, Young makes wo determination of the economic fratures of the bairier,

nor does he recommend a site,

Two things In conmection with Ymmf“s conclugions may be given further
consideration? first, that return seepage will inerease in qhantity and ameliorate
conditions in the delra, and, second, that watér fromy the Sacramento river may be
temptrarily carried dcross the delea for use in the San Joaguin valley by releasing
stored water and without the construction of the salt water barrier,

With reference to the first matter, it has been shown that return seepage in the
San Joaquin Valley is being recaptured by the pumping plants on the west side of
the valley and there Is now no benefit fromt the return seepage to delta lands in
Jate summer. There is no prospect for increase in returin flow, in fact tie hncrense

i pumping from wells all over the valley and new punips dlong the river will de-

cregse thar flow.

ry the Sacramento valley shmilar conditions prevail. It is not certain that return
seepage on this stream has reached 2 maximum, because s Jarge area of Jand close
o the river is not vet xcgnhx]» Drrigated. When this land becomes more Intensively
fumed, it is to be expected that 3 will utilize to a great extent this very return
water and decrease the net amount which reaches the fidel waters, Return flow,
therefore, oot be depended upon, in either river, to improve salt water conditions
in: the delra,

As to the sceond matter, it may be said that so Jong av the tide ebbs and fows
there will be the opportenity for salt water 1o peneteate the delta, just as far or
Farther than was the case in dey years since 1917, In 1920, 1924 and 1926, st
water went beyond Three Mile Slough, the principal connection between the Sac-
ramento ind the San Joaguin deltas. 1f water were drawn np the San Joaquin, there
would be a greater tendency for salt water to penctrate the delta and be drawn
southward, It should be mmunbexed too, that da ddry years released water from
storage rescrmm is going to be very d:ﬂxcu}t to defiver past the Jarge aress of riparian
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tands. The flow of the rivers will uodoabfedly be so Tow that tides will earry salt
water beyond Three Milo Slough. Certainly vo dependence can be placed upon this
method of carrying water across the delta. The barrier is essential to prevent tidal
movements and the encroachments of salt water.

ELEVATION OF WATER ABOVE BARRIER

Objection, from owners of delta 1and, has been raised to the proposal by Young
that Jevels aliove the barrier might eventually be raised above mean high tide in
order that more water might be stored for use by the towns, irrigated avea and in-
dustries around the Jake above the barrier,

My, G, A. Atherton, who is probably as thoroughly acquaiiited with the delta
region as any other person, is authority for the statemient that « level of 6.0 feet
U8 E.D. {or 24 U, 5 G.8) continuously maintwined in saner months 8 as
high as ean be safely held against the delta leveey under present conditions. Accords
jig to him, to carry water higher would endanger the lavdes, would increae seepage
and pumping, and therefore add greater maintenance cost 1o the delta land owner.
It should be wnderstood that My, Atherton has reference to the delta lands where
peat predominates,

The answer to this argument is that the delte lands will be surroanded by salt
water unless the barrier is built, but the bareler can, Tand should; be operated 30 a8
1o du no damage to these peat areas.

There is some uncertainty a¢ to the exact difference hetween the daturd of the
e sorvevs (UL S, G, 5, and UL S0 B, DUy and the Tevet of tide as indicated by tide
tables, U. 5. G. 8. elovations refer to mean sea level and are based upon 2 namber
of vears of ohservation, U.S. B, D. levels are bated theeretically upon mean lower
low water but practically are tiked a5 3.6 feot lower than the U.8 G, 8. levels,
Tide gage levels are theorciically based upon mean Jower low water but practically
are referred to the clevation of 4 point on the Presidio tide gage staff by San Fran-
cisco. As newr as can be derprmined, the U, 5 1, I, and tide table datum planes
are not the same, but the U. S, B D, datom s about 0,63 feet Jower, This figure
is not cxact, however, and for piactical purposes it may be assumed that the two
are the same, In the delts region the Gidal range varies imore in diffevent pasts of
e delta than this variation between the two svstems of messurement.

1f water is beld at 6.8 T8 5 D, it will be at Jess than high tide in the
central deltn, Here the tide rises fo aver 7,0 feer two or three times a.year, snd in
tmes of southwest storms i€ has ritan 1© over 8.0. In 1907, during the flood, the
clevation exceeded 10,3, With water held at 6.0 tere will be ne menace to levees
and comparatively little increase in pumping out of seepge water. Furthermore,
this elevation will permit the efficient operation of the barrier, for slt water is
Kigher than 6.0 at the Golden Gate less than ene per cent of the uime, excluding
storny and flood periods,

Any increase in height should be made only i jtcan be déne without menace
to the istand Jevees, In storm periods water will be held lower thansveuld natarally
aceur except i the most extreme floods. Resesvoirs which have been congtructed on
nearly all tributarics of the Sacramento and San Joaquin rivers will undoubtedly
have the effect of reduciing the peaks of floods, and there s little likelihood of a
repetition of the extremes éxperienced in 1907, at least such extromes will éceny
fess frequently. .

O the whole, the delta Yands will be better off Wwith the barrier than withont
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it. The one factor of slightly increased pumping with the summer level held at 6,0
will be more than overbalanced by the freedom from the present menace of salt
water, .

SELECTION OF SITE FOR BARRITR

.- Mr Young in his report sets forth the conditions surrounding the Jocations
investigated as sites for the barrier. The following statement compares the two
locations—the three sites jnvestigated near the upper end of Carguinez Strait being
treated 23 one:

O Water Supply: Tables awached give the estimared quantities of water re-
quired for all uses above the barrier. The quantities here given are estimated uses
when all arca above the barrier is developed and are liberal figures, with an allow-
ance for flushing to remove salv water lot in by ship locks and leakage. The figures
show that under these conditions the réquircments Tor the full vear are:

Point San Pable i e s 2,024,000 Acre Fect
Army POint it s i, 1L I60,000

DIFerence oot e e e e < 864,(;(:5 ¥ i

For the irrigation period Mav to September, inclusive, the requivements are:

Point San Pablo et e 4,236,000 Acre Feet
ArmY PO e v e . B38,000 58
DHIFCIEnce w i it n :‘.‘?8‘)000 “o o=

The large difference comes principally from the quantity of water required to
operate locks and the increased evaporation in the lower site, “In other words, from
six. tocight -hundred thousand acre feet are required to supply the additional wn-
avoidable Josses from evaporation and ship Jockages in San Pablo Bay.

Iy the matter of cost, Young’s estimates show for a barrier with 50 feet of
clearance the following:

Paint San Pablo oo o it e o 75,200,000
AT PO Lo s s B9, 800,000
Difference 425,400,000

donmnmresmimn s 2 53400, 0 00

: FPhe convenience to other joterests is of groat importance. The Mare Tsfand
Nawy Yard Is located above Point San Pablo but below Carquinez Strait, naval offi-
eerswill object to the barrier, On account of the greater number of vewsels which
pass San Pablo than through the upper end of Carquinex Strait, there will be Tew
objection to the upper site. ‘

Barriers at-both sites will serve ag bridges, The San Pablo location will feplace
a ferry now in operation—the apper site in Carguinez Strait will serve both for
rail and vehicular traffic and will replace two ferrics.

The opportunity to combine the barrier with the Southern Pacific Raitroad at
Port Costa shonld not be overlooked. The Railroad Company is contemplating the
construction of a bridge to replace the present ferry, M the Army Point-Suisun
Point site is selected by the railroad, the barrier can wot be built on this site, In
some respects this is the maost attractive site and woril Ginal determination is made of
the Tocation, no peymit should be given for a biridge across this place.
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STORAGE AND RELEASE TO CONTROL $ALT WATER

This method of solving the salt water problem has been suggested in sevaral
recent publications of the Department of Public Works. Exaumination in detall of
the proposals shews that “salt water control” means the supplying of water of less
than 100 parts chlorine per 100,000 to the delra lands. Lmmaton on rhlc Sacmi
menty and Jersey Island on the San Joaquin are the Timits of cm{t;ol‘ and no m‘ -
gestion has been made that it is practical to relesse water to supply Amio{‘h.@r kfni’
of the lgwer industrial area. This, in fact, leaves our of considerstion the vmm t;a\:~
most seriously damaged. ’ S

Stadies by the Division of Water Rights based on récords including the vear
1925 show that to contral salinity below 160 parts chlorine per 100,000, the ctm‘xi
b;rﬁwd flow 6f the Sactamento at Sacrmmento and Sun Joaquin ar "ifcn:a!is (&;th
}‘);nm about the head of tide water in Jate swimmer) must exceed the following
1gures; ’ N

Py cam;ml at IC)::f Scif?f:l
Emmaton and Jersev Yehand oo 3300
Anticeh ... NP X {1411
Collinsville L it 3500
O: & A Ferry.. 6000

. These qumu(idej will depend 1o some cxtent apon the mouthy preceding the
p}f: jod when contral is desired and will, of tourse, vary with the diversions below
;ﬂi{?}gu&l\\;s) ?f mcns’urfn’n‘cﬁzn, F‘f"f!:‘f),m‘?”{* ‘ls(omgc c}{ water ;jim\'e tide level will

ualter by himiting the distancc sa’t wacer is Torced dovenstream by spring
floods. I
To effectively supply. these quantities of water will require very large storage
capaeity in dry years, ST o
In 1924 storage in excess of 4 million acre feet would have heen required to
control salinity at the Oakland & Andech Farrv and 370,000 a¢ Fmmaton and
Jersey, In 1926 over 506,000 acre feet would have been required at the Oakland
& Antioch Ferry and 200,000 acre feet at Emmaton and Jersev, Storage in large
amount would be needed abont half the years at Emmaton and Jersey and every
year for control at the O, & A, Fenry, o '
The above is under the sssumnption that storage and diversions in these twa
valtevs do not increase.  As shown carlier, this condition has already been violated
for there has never been such increased activity in building storage reservoirs as i);
the period since 1924, Many reservoirs are planned for constriction in - the near
fuwre. Furthermore, diversions incremse everv vear. Estinmfes of the quantitics
required for storage control must therefore be continuously revised upwards,
Release of stored water, to contrel salinity, will occor in dry parts of the vear
and to the greatest extent in dry years. To effectively control the right of storage
and release, all riparian owners below the reservoir must agree 1o the arrang&mmrn
As thc' law now stands, the vse of such a reservoir may be enjolngd and it will be
impossible to prevent, vxcept through Titigation, the riisnrian awners fromt diverting
the released water. This difficulty can be removed by condemnacion of rights along
the stream. The problem looks too Targe for human'ncwmp}ishmmt inany reason-
able time and at any reasonable cost, )
To one acquainted with water probloms in California, it does not scem reason-
able to expect that in the dry part of a-dy year a flow of 3,000 or more feet per
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seond would be allowed to pass pumps and ditches, nader which crops were suffer-
ing; i order that salt water could be pushed back fnto the ocean.

448719 the cost of storage reservoirs to accomplish the release for salt control,
there js Tittle definite information which permit 2 comparison of costs. The fol-
lowing sttements are of tome interest: ‘

- Kennett reservoir is proposed by the State Department of Public Works as a

wiiit iy the “Cogrdinated Plan.”  (Sec’ Bulletin 13, Departiment of Public Works,
1928.% "The recommended reservoir capeeity is 2,940,000 acre fect; the estimated
cost of dam and rights of way is $33,000,000; of power plant $25,000,000; a
total.of $80,0800,000, With allowances for prior rights, the mean anaual irrigation
vicld ‘of ‘reservoir will be 2,838,000 acre fect. In minitmum years the deficiency
would be Jarge; 19 per cent in 1920, 42 per cent in 1924, If this reservoir were
depended upon for salinity control, the entire available sapply would be needed to
control saltwater at the mouth of the river, Jeaving rio water for the area depending
on this. veservolr for irrigation, In other words, the very year when the rescrvoir
s most needed it would be.of little practical use. Furthermore, Kennett 1s not prac-
ticable unless-operated to generate clectric power, 1§ the water is held and released
for salt water control, the power value s greatly decreased.

Tron Canyon Reservoir is proposed as a secondary unit “in the “Coordinated
Plan.* (See Bulletin 13 of Department of Public Works) The recommended
capacity it 1,121,900 acre feet; the estimated cost of dam and power plant is esti-
mated a5 $26,000,000; the canal system to atilize this water is estimated ar $30,-
000,000, The reservoir may be atilized in controlling satinity. To quote from the
above mentioned. report, page 1152

“Sacrificing the power featares at Tron Canvon dam would, with other
construction unchan