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Attachment B

BDCP Modeling Results, BDCP Steering Committee Meeting, June 17, 2010
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Attachment C

City of Antioch’s Testimony to the State Water Resources Control Board,
March 22, 2010



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, (ii) 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,
including 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 Irrigation
District et al. (1922) 188 Cal. 451, 455
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has since continued to decrease (CCWD 2010), producing significant changes in the
Delta landscape (Att. at pg. 7). For example, dredging of the Delta river channels to
create the Stockton and Sacramento Deep Water Ship Channels affected the salt transport
and distribution in the 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.

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).
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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 (Att. 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
instance, 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
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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 pS/cm EC declined from about 70% in the late 1960s
to about 40% during the recent period (Att. at pg. 19).

Even in years with above normal runoff in the Sacramento River watershed, freshwater at
Antioch is less available 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 pS/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 pS/cm 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 uS/cm 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 uS/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 uS/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 year. 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 Salinity 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

2 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/cm EC, based on the site-specific empirical relationships between chloride concentration and EC
(K. Guivetchi, DWR Memorandum dated June 24, 1986).
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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. Conclusions

e Prior to 1918, freshwater was almost always available at Antioch at least at low
tide. Only during dry years 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.

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

e The fraction of time that water at Antioch is suitable for use (when salinity is <
250 mg/L chlorides or 1000 uS/cm 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
requirements of SB X7 1 (e. g., volume, timing and quality), and that the Board use
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, J. W. 1963. History of Benicia Arsenal: Benicia, California: January 1851 — December 1962. Berkeley, Howell-North Books.

[DPW] Department of Public Works. 1931. Variation and Control of Salinity in Sacramento-San Joaguin Della and Upper San
Franciseo Bay. Bulletin No, 27. State of California, Department of Public Works, Division of Engineering and Irrigation.
[DWR] Department of Water Resources. 1960. Delta Water Facilities. Bulletin No. 76. State of California.

Dillon, R. 1980. Great Expectations: The Story of Benicia, California, Fresno, California. 241 pp.

Means, T. 1928. Salt Water Problem: San Francisco Bay and Delta of Sacramento and San Joaquin Rivers, San Francisco, California,
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? These estimates were made using IEP data in CCWD (2010), which will be presented by the Contra Costa
Water District during this informational proceeding.
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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
questions.

Sincerely,

C Ao

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

e 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

e City of Antioch’s supporting document — A report by Thomas Means (1928):
“Salt Water Problem”

e 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”

e City of Antioch’s supporting document — DWR (1960) Report: “Delta Water
Facilities™
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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’ (a 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
Delta 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 at 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
existing intake. This agreement 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 purchasing substitute water from CCWD, The one-
third fraction was based on the assumption that the depletion of the natural supply is due one-third to the operation
of the Central Valley Project, one-third to the State Water Project and one-third to all the other upstream diverters.

It was anticipated at the time of the Agreement that the Bureau of Reclamation would pay another one-third of
Antioch’s substitute water costs; however, this aspect of the Agreement has never been fulfilled.

Department of Capital Improvements/Water Rights
P.O. Box 5007, 200 H Street, Antioch, CA 94531 = Tel; 925-779-7050 » Fax: 925-779-7062 « www,ci.antioch.ca.us



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 occurred, but farther
to the east than is occurring in the present Delta.?

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

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

1 SEE FOR EXAMPLE:

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

[DPW] Department of Public Works. 193 1. Variation and Control of Salinity in Sacramento-San Joaquin Delta and Upper San
Francisco Bay. Bulletin No, 27, State of California, Department of Public Works, Division of Engineering and Irrigation.
See http://www.archive, org/details/vatiationcontrol27ealirich

[DWR] Department of Water Resources. 1960. Delta Water Facilities. Bulletin No, 76. State of California. See

http:/n’www.de]tacorridors.com/upioads/ﬂullctin_No.jG_De]ta_Water_FaciHlies-Color.pdi'

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

Tolman, C. F. and J. F. Poland. 1935. Investigation of the Ground-Water Supply of the Columbia Sieel Company Pittsburg,
California. Stanford University, California, May 30, 1935,



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, :

Phillip Harrington
Director of Capital Improvements/Water Rights

e 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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Public Workshop (9/5-6/12)
Bay-Delta Workshop 1
Deadline: 8/17/12 by 12 noon

Flow Science Incorporated
723 E. Green St.,, Pasadena, CA 91101
(626) 304-1134 * FAX (626) 304-9427
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]
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8-7-12

SWRCB Clerk

August 7, 2012

State Water Resources Control Board
1001 I St.
Sacramento, CA 95814

Via email: commentletters@waterboards.ca.gov
Subject: Bay-Delta Workshop 1 — Ecosystem Changes and LSZ
FSI1064136 '

Dear Ms. Townsend and Members of the Board,

On behalf of the City of Antioch, Flow Science is pleased to submit comments for
consideration by the State Water Resources Control Board (State Board) during its
Comprehensive (Phase 2) Review and Update to the Bay-Delta Plan.

Background. 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.

Potential Impacts of Preliminary BDCP Proposed Project. The City of
Antioch and I participated in the flow criteria hearings in March 2010, and thus have
included with this letter only a small portion of the materials provided to the State Board
at that time. The new information provided to the State Board in this submittal relates
primarily to the Bay-Delta Conservation Plan (BDCP), and new data and information that
have become available from the BDCP process following the 2010 flow criteria hearings.

The City of Antioch and I have participated in the BDCP process, and earlier in
2012 received a hard drive from the California Department of Water Resources (DWR)
that included the results of model runs made using DWR’s Delta Simulation Model II
(DSM2) for various BDCP alternatives, including the “preliminary proposal” (Alternative
1, which was the proposed project at the time) and No Action model runs. The data

! Much of the water in the western Delta (including the City’s water supply) comes from the Sacramento
River. Historically, significant amounts of Sacramento River water flowed into the San Joaquin River east
of Antioch at Three Mile and Georgiana Sloughs. Sacramento River water also reaches Antioch where the
river merges with the San Joaquin River just west of the City. Town of Antioch v. Williams Irrigation
District et al. (1922) 188 Cal. 451, 455.
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provided to the City included simulated salinity levels at the City’s intake for the 16-year
simulation period (water years 1975-1991).

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

The BDCP model runs reviewed by Flow Science indicated that the period of
time that the City of Antioch could divert water at its intake (i.e., when water at the intake
had a chloride level below 250 ppm, called “usable water”) declined significantly with
the proposed project. This effect was particularly acute in the late summer and fall
months of wet years; in these time periods, model results showed that usable water would
be present about 80% of the time for baseline and future-no-project model runs, but that
usable water would be present less than 40% of the time for the then-preliminary
proposal. Even the 6,000-cfs BDCP alternative indicated that significant salinity impacts
could occur in the western Delta, indicating that it may not be the size of the diversion so
much as the way in which it is operated that results in salinity impacts in the western
Delta.

In addition to diverting water from the north Delta, the DSM2 model runs
incorporated two features that would also result in higher salinity conditions in the
western Delta and at Antioch’s intake. First, the DSM2 model runs moved a point of
compliance for water quality criteria.  Specifically, the compliance point in the
Sacramento River at Emmaton (incorporated into D-1641 and the Bay-Delta Plan) was
moved upstream to Three Mile Slough in the DSM2/CALSIM II modeling performed in
support of the BDCP project. (Such a change in compliance point would require a
change in the water quality objectives of the Bay-Delta Water Quality Control Plan.)

Second, the then-proposed BDCP project incorporated restored habitat within the
Delta. Depending on the design and location of habitat restoration, the volume of water
that “sloshes” into and out of the Delta on every tidal cycle may be increased, increasing
salinity intrusion within the Delta, with the most significant effects observed in the
western Delta.

With respect to salinity and chloride concentrations at Antioch, the draft EIR/EIS
for the BDCP Project (February 2012) concluded as follows: “Based on the additional
seasonal exceedances of the municipal objective and magnitude of long-term average
water quality degradation with respect to chloride at Antioch, the potential exists for
substantial adverse effects on the municipal and industrial water supply beneficial uses
through reduced opportunity for diversion of water at Antioch and Mallard Slough with
acceptable salinity.” (Draft EIR/EIS at p. 8-183, emphasis added).
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Potential Impacts of “New” BDCP Project. On July 25, 2012, Governor
Brown and the Obama administration outlined revisions to the proposed BDCP, including
a change in the amount of water to be diverted from the Delta via new intakes and a new
9,000-cfs tunneled conveyance. We understand that the operating rules are currently in
development, as is the environmental analysis that will assess the potential impacts of the
proposed project. DWR has indicated to the City of Antioch that they do not currently
know if the proposed project will resemble the alternatives already modeled.

For this reason, the City of Antioch is not providing additional quantitative
information regarding the impacts of the (future) proposed BDCP project on salinity at
Antioch’s intake and on the western Delta. The City looks forward to receiving this
information, and we will provide additional submittals, including quantitative
assessments of the potential salinity impacts to the western Delta, to the State Board
when information about the future proposed project becomes available.

In any case, it appears clear that impacts as a result of the proposed BDCP project
at the City’s intake are likely.

Historical Conditions. As detailed in our prior submittals, a small portion of
which are provided with this letter as Attachment A, salinity in the western Delta is
important not just to Antioch’s drinking water supply (and to the beneficial use of these
waters for municipal and domestic supply) but also to the ecological health of the Delta
as a whole. The materials in Attachment A and others submitted previously by the City
(and by others, such as CCWD) to the State Board demonstrate that the current Delta
ecosystem is very different than the historical Delta — both flow and salinity are altered
compared to historical conditions. For example:

e Since European settlement in the 1850s, dramatic changes to the Delta
landscape have occurred, including removal of tidal marsh and building of
permanent river channels.

e Water management operations (reservoir storage and diversions) since the
early 1900s have increased reservoir storage in the upstream watersheds to
more than 30 million acre-feet (MAF).

e Water exports from the Delta have been steadily increasing since the 1950s
to the present, from about 0.5 MAF/yr to about 5 MAF/yr.

Before large-scale diversions for upstream agricultural operations began in 1918,
freshwater conditions were pervasive in the western Delta. Salinity monitoring data
indicate that salinity at Antioch has increased further from 1965 to present, and that the
increase in salinity continues in recent years.

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

It is the historical freshwater condition to which the Delta ecosystem and its
native species are adapted.

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

e Given historical conditions, salinity should not be allowed to rise (and outflows
should not be allowed to decline) beyond existing levels as required by D-1641
and X2 operations criteria.

e Compliance points (such as the compliance point currently located at Emmaton)
should not be moved landward.

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

e The State Board should ensure that mitigation is provided for impacts to
beneficial uses that occur as a result of the BDCP project.

Please contact me at (626) 304-1134 if you have any questions regarding this
submittal. We thank you for your consideration of these comments and for the
opportunity to participate in the process to revise the Bay-Delta Plan.

Sincerely

Sysan C. Paulsen, Ph.D/, P.E.
Vice President and Senior Scientist
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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 SWRCRB’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
questions.

Sincerely,

=N

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

Page 1 of 2
City of Antioch: Document #1



Attachments:

City of Antioch’s Witness List

City of Antioch’s Exhibit Identification List

City of Antioch’s Response to Key Questions

City of Antioch’s Written Summary

City of Antioch’s supporting document — a powerpoint presentation on historical

salinity conditions

e City of Antioch’s supporting document — A report by Thomas Means (1928):
“Salt Water Problem™

e 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”

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

Page 2 of 2
City of Antioch: Document #1



Testimony by City of Antioch: Witness List
SWRCB Delta Flow Criteria Informational Proceeding
March 22 2010

WITNESS IDENTIFICATION LIST (Revised January 29, 2010)
(Due 12 Noon, Tuesday, February 16, 2010)

Delta Flow Criteria Informational Proceeding

Scheduled to Commence
Monday, March 22, 2010

The City of Antioch plans to call the following
witnesses: (name of individual participant or group of participants)

NAME PROPOSES PARTICIPATION ON WILL THE WITNESS
THE FOLLOWING PANEL(S) SUBMIT TESTIMONY
note panel number) (no if only responding
to questions)
Susan C. Paulsen, Ph.D., Hydrology (Panel 1) and Yes
P.E., Vice President, Flow Hydrodynamics (Panel 5)
Science Incorporated
E. John List, Ph.D., P.E., Hydrology (Panel 1) and No
Principal Consultant, Flow Hydrodynamics (Panel 5)
Science Incorporated
Phil Harrington, Director of Hydrology (Panel 1) and No
Capital Improvements and Hydrodynamics (Panel 5)
Water Rights, City of
Antioch
Matthew L. Emrick, Hydrology (Panel 1) and No
Special Water Counsel to Hydrodynamics (Panel 5)
the City of Antioch

Page 1 of 1
City of Antioch — Document #2



Testimony by City of Antioch: Exhibit Identification List
SWRCB Delta Flow Criteria Informational Proceeding

March 22 2010
EXHIBIT IDENTIFICATION LIST
(Due 12 Noon, Tuesday, February 16, 2010)
Delta Flow Criteria Informational Proceeding
Scheduled to Commence
Monday, March 22, 2010
PARTICIPANT: The City of Antioch
Exhibit Exhibit Description
Identification
Number
Antioch Doc #1 City of Antioch’s Cover Letter
Antioch Doc #2 City of Antioch’s Witness Identification List
Antioch Doc #3 City of Antioch’s Exhibit Identification List
Antioch Doc #4 City of Antioch’s Response to Key Questions
Antioch Doc #5 City of Antioch’s Written Summary
Antioch Doc #6 City of Antioch’s supporting document — a powerpoint presentation
on historical salinity conditions
Antioch Doc #7 City of Antioch’s supporting document — A report by Thomas
Means (1928): “Salt Water Problem”
Antioch Doc #8 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™
Antioch Doc #9 City of Antioch’s supporting document — DWR (1960) Report:
“Delta Water Facilities”

Page 1 of 1
City of Antioch — Document #3



Testimony by City of Antioch: Response to key questions
SWRCB Delta Flow Criteria Informational Proceeding
March 22 2010

Response to Key Questions

Delta Flow Criteria Informational Proceeding
March 22, 2010

The following are brief “bullet-point style” responses to the five questions posed by the
State Water Board in its original notice. The written testimony and the supporting
documents submitted by the City of Antioch elaborate on these responses.

Key Question #1

What key information, in particular scientific information or portions of scientific
information, should the State Water Board rely upon when determining the volume,
quantity, and timing of water needed for the Delta ecosystem pursuant to the
board’s public trust obligations?

e The current Delta ecosystem is very different than the historical Delta — both flow
and salinity are altered compared to historical conditions. For example:

= since European settlement in the 1850s, dramatic changes to the Delta
landscape have occurred, including removal of tidal marsh and building of
permanent river channels

» water management operations (reservoir storage and diversions) since the
early 1900s have increased reservoir storage in the upstream watersheds to
more than 30 million acre-feet (MAF)

= water exports from the Delta have been steadily increasing since the 1950s
to the present, from about 0.5 MAF/yr to about 5 MAF/yr

e Before 1918 (i.e., before large-scale diversions for upstream agricultural
operations), freshwater conditions were pervasive in the western Delta as
indicated by literature and technical reports (e.g., testimony from the Antioch
lawsuit in 1920, DPW 1931 and DWR 1960)

e Salinity monitoring data indicate that salinity at Antioch has increased from 1965
to present; the increase in salinity continues in recent years.

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

For large reports or documents, what pages or chapters should be considered?
e Specific page number references have been provided in the detailed exhibit and
supporting documents.

What does this scientific information indicate regarding the minimum and
maximum volume, quality, and timing of flows needed under the existing physical
conditions, various hydrologic conditions, and biological conditions?

Page 1 of 3
City of Antioch: Document #4



Testimony by City of Antioch: Response to key questions
SWRCB Delta Flow Criteria Informational Proceeding
March 22 2010

Historic Delta was significantly fresher than the current Delta.

Characterization of the Delta as “historically saline” is false and is not based on
scientific evidence.

Salinity intrusion under current management conditions occurs earlier (timing)
and persists longer (duration) compared to unimpaired flow conditions (i.e.,
without any current management operations but with the current Delta channel
configuration).

Salinity has continued to increase in recent years at Antioch.

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

Historical fresh conditions must be considered in any effort to restore ecological
conditions in the Delta.

With respect to biological conditions, what does the scientific information indicate
regarding appropriateness of flow to control non native species?

This question is not addressed in the City’s submittal.

What is the level of scientific certainty regarding the foregoing information?

Salinity and flow monitoring data were collected using scientific techniques
which are universal and reliable.

Testimony and historical evidence presented is consistent with historical literature
reports, measurements made by the California & Hawaiian Sugar Refining
Corporation (C&H) during the early 20" century, and also with paleo records
constructed from tree rings and sediment cores (presented by others and in
CCWD salinity report).

Key Question #2

What methodology should the State Water Board use to develop flow criteria for the
Delta? What does that methodology indicate the needed minimum and maximum
volume, quality, and timing of flows are for different hydrologic conditions under
the current physical conditions of the Delta?

The City suggests that, given historical conditions, salinity should not be allowed
to rise (and flows should not be allowed to decline) beyond existing levels as
required by D-1641 and X2 operations criteria.

The City requests that compliance points should not be moved land-ward.

The SWRCB should consider using the gauging station at Antioch as a point of
interest for monitoring of both salinity and flow conditions in the western Delta.
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SWRCB Delta Flow Criteria Informational Proceeding
March 22 2010

Key Question #3

When determining Delta outflows necessary to protect public trust resources, how
important is the source of those flows?
¢ Even though Antioch is on the San Joaquin River, the Sacramento River was
historically and continues to be the main source of water at Antioch. Thus, the
Sacramento River has historically been the main source of water in the western
Delta, and the source of water to which Delta species have been historically
exposed and to which they may have adapted.
e In the context of flushing of the South Delta, baseline residence times should be
established based on current conditions, and to be used as a measure by which
future actions (e.g., BDCP) can be assessed.

How should the State Water Board address this issue when developing Delta
outflow criteria?
e This question is not addressed in the City’s submittal.

Key Question #4

How should the State Water Board address scientific uncertainty when developing
the Delta outflow criteria?
e The City of Antioch respectfully suggests, in light of the information provided,
that the SWRCB should err on the side of not allowing greater salinity intrusion.

Specifically, what kind of adaptive management, monitoring, and special studies
programs should the State Water Board consider as part of the Delta outflow
criteria, if any?

e This question is not addressed in the City’s submittal.

Key Question #5

What can the State Water Board reasonably be expected to accomplish with respect
to flow criteria within the nine months following enactment of SB 1? What issues
should the State Water Board focus on in order to develop meaningful criteria
during this short period of time?

e This question is not addressed in the City’s submittal.
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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, (ii) 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,
including 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 [rrigation
District et al. (1922) 188 Cal. 451, 455
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has since continued to decrease (CCWD 2010), producing significant changes in the
Delta landscape (Att. at pg. 7). For example, dredging of the Delta river channels to
create the Stockton and Sacramento Deep Water Ship Channels affected the salt transport
and distribution in the 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.

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).
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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 (Att. 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
instance, 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
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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 pS/cm EC declined from about 70% in the late 1960s
to about 40% during the recent period (Att. at pg. 19).

Even in years with above normal runoff in the Sacramento River watershed, freshwater at
Antioch is less available 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 pS/cm 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 pS/cm 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 uS/cm 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 pS/cm EC for about one-and-a-half months, and the 25™
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 uS/cm EC for
about nine months; for all but the driest years, salinity at low tide was below 1,000 uS/cm
EC throughout the year. 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 Salinity 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 pS/em EC, based on the site-specific empirical relationships between chloride concentration and EC
(K. Guivetchi, DWR Memorandum dated June 24, 1986).
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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. Conclusions

e Priorto 1918, freshwater was almost always available at Antioch at least at low
tide. Only during dry years 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.

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

e The fraction of time that water at Antioch is suitable for use (when salinity is <
250 mg/L chlorides or 1000 uS/cm 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
requirements of SB X7 1 (e. g., volume, timing and quality), and that the Board use
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.
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Flow Science Incorporated

723 E. Green St, Pasadena, CA 91101 FLOW/SCIENCE.:

(626) 304-1134 = FAX (626) 304-9427

April 14,2010

Division of Water Rights

State Water Resources Control Board
Attention: Phillip Crader

P.O. Box 2000

Sacramento, CA 95812-2000

Re: Delta Flow Criteria Closing Comments
Dear Mr. Crader:

Flow Science, on behalf of the City of Antioch, appreciates this opportunity to submit
closing comments to the SWRCB regarding its development of Delta Flow criteria for the
purpose of informing planning decisions for the Delta Plan and the Bay Delta
Conservation Plan.

Our closing comments include key points and recommendations for SWRCB
consideration, supported by our written testimony and exhibits and the oral testimony
provided at the hearings on March 22-24, 2010. Because we do not have the biological
expertise to recommend specific flow rates and flow volumes, we are not providing
specific quantitative recommendations with this submittal.

At the March 2010 hearing, we suggested that it may be useful for the SWRCB to
consider a process of simultaneously working from the “bottom up”—identifying the
flow needs of fish—and working from the “top down”—analyzing flows that can be
provided by the current system and systems operations, in the context of other beneficial
uses, including upstream flow and temperature requirements, and water supply needs.
On behalf of the City of Antioch, I would be happy to work with SWRCB Staff to
explore the advantages of such a process and to participate in such a process.

Key Points for SWRCB consideration

As discussed in our February 16, 2010, written submittal, the City of Antioch has been
diverting water for drinking water use from the western Delta since the 1860s. In its
written testimony, the City of Antioch has provided the SWRCB with information and
data on historical flows and salinity conditions in the western Delta (testimony submitted
by the City of Antioch on February 16, 2010, and incorporated here by reference in its
entirety; see http://www.swrcb.ca.gov/waterrights/water issues/programs/bay_delta/
deltaflow/antioch.shtml). Key points in the City’s oral and written testimony include the
following:

Mt. Pleasant, SC ® Harrisonburg, VA * Philadelphia, PA ®* Pasadena, CA
www.flowscience.com
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1. Historical fresh conditions must be considered in any effort to restore ecological
conditions in the Delta.

We believe that it is essential for the SWRCB and its Independent Science Team to
consider the historical salinity and flow conditions within which the Delta fisheries
thrived, to ensure that the Delta flow criteria and other standards will ensure the
protection of public trust resources, i.e. the future biological and ecological integrity of
the Delta.

Systemic changes in the Delta over the years have reduced freshwater flows and
dramatically increased salinity (Antioch testimony, Document #5, p. 1). Infrastructure
and flow diversions have changed distribution and timing of freshwater flows, and
historic conditions were far fresher than current conditions (Antioch testimony,
Document #5, p. 2-4 & Document #6, p. 16-21).

It has sometimes been contended that the Delta was historically saline. As mentioned in
our oral testimony (and as documented in the City’s written testimony at p. 4-5 of
Document #5), while the system experienced variability in flows and salinity in the past,
the variability existed in a significantly fresher Delta, especially in the fall, spring and
early summer months. As shown in Contra Costa Water District’s submittal “Historical
Freshwater and Salinity Conditions in the Western Sacramento-San Joaquin Delta and
Suisun Bay” (at p. v and p. 47), while variability occurred historically, the levels of
salinity were much lower than current conditions.

2. Native species are adapted to historical conditions, so historic salinity and flow
patterns must be considered in establishing appropriate flow and salinity standards.

Our oral testimony during the March 2010 Informational Proceeding outlined the changes
that have occurred to alter the flow and salinity environment in the Delta. This testimony
on such changes was supported by other panelists. These changes include, in
approximate chronological order:

e  Alterations to Delta channels and loss of marshlands (Antioch testimony,
Document #5, p. 1-2 & Document #6, p. 7)

e  Alterations to sedimentation and transport patterns (Antioch testimony, Document
#6,p.7)

e  Diversions of flows upstream of the Delta including the dewatering of significant
portions of the San Joaquin River (Antioch testimony, Document #5, p. 2 &
Document #6, p. 14-15)

e  Diversions/exports of flows from the Delta and from Delta channels themselves
(Antioch testimony, Document #6, p. 8 & p. 16)
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3. Because of these changes to the Delta, flow now plays a more crucial role than in
the past, in order to maintain or improve physical habitat and water quality in the
Delta.

We encourage the SWRCB to explore and document the biological significance of the
historical changes in flow and salinity regimes, and to consider this information in its
recommendations. It is critical to keep in mind the significance of Sacramento River
flows on the health of the public trust resources in the Delta.

Closing Recommendations

1. SWRCB should review, consider, and incorporate historic salinity data into its Flow
Criteria analyses. The City of Antioch and Contra Costa Water District have
provided valuable data regarding historic Delta flow and lower salinity conditions.

2. SWRCB should use historic flow and salinity data to establish a baseline of water
quality and flows sufficient to restore public trust resources in the Delta.

3. SWRCB should ensure that flows are not reduced, nor salinity increased, beyond
levels assured by D-1641 and current X2 requirements. Ideally, the SWRCB should
increase flows to more proximate historic conditions of outflow and low salinity. The
City is not recommending that historic flows be completely restored as this is not
practical and could potentially impact other beneficial uses. However, historic flows
and historic low salinity levels supported native species and must be considered in
making any determinations on restoring Delta flows.

4. Compliance points for outflow and salinity should not be moved land-ward (easterly)
and should likely be established more westerly than present as supported by the
historical data.

5. Due to the loss of historic San Joaquin River flows, it is critical that Sacramento River
flows be maintained in and through the Delta — and that the SWRCB recognizes that
such Sacramento River flows included significant flows into the Central and Western
Delta through Georgiana and Three Mile Sloughs.

6. SWRCB should consider using Antioch’s gauging station as a “point of interest’ to
gauge flow and salinity conditions, given Antioch’s historical diversion of fresh
drinking water dating back to the 1860s.

Please feel free to contact me or Phil Harrington with any questions.

Sincerely,

7
~/

‘ NTA 7
Spdoan. L . fauiiddn
/ /
Susan C. Paulsen, Ph.D., P.E.
Vice President and Senior Scientist

cc: Phil Harrington
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November 11, 2012

State Water Resources Control Board
1001 I St.
Sacramento, CA 95814

Via email: commentlettersi@waterboards.ca.gov

Subject: Bay-Delta Workshop 3 — Analytical Tools for Evaluating the Water
Supply, Hydrodynamic, and Hydropower Effects of the Bay-Delta Plan
FSI 064136

Dear Ms. Townsend and Members of the Board,

On behalf of the City of Antioch, Flow Science is pleased to submit comments for
consideration by the State Water Resources Control Board (State Board) during its
Comprehensive (Phase 2) Review and Update to the Bay-Delta Plan.

Background. 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. Antioch previously provided written
comments and testimony for Bay-Delta Workshop 1, and incorporates that information
by reference.

Recommendations to the Board. The information provided below is intended
primarily to address the State Board’s first question, regarding the types of analyses that
should be completed to estimate the water supply, hydrodynamic, and hydropower effects
of potential changes to the Bay-Delta Plan. The City’s comments focus on water supply
and hydrodynamic issues, particularly effects to drinking water intakes (such as the
City’s) that are located within the Delta, and the tools available to address those effects.
These comments are organized into three major categories: (1) validation of the
operations model; (2) evaluation of water sources and relation to water quality; and (3)
modifications necessary to evaluate habitat restoration and sea level rise.
Recommendations are provided in italics at the end of each comment.

1. Modeling should be extended to include recent years to allow validation of the
operations model. Most Delta modeling studies evaluate a period of record that ends
approximately ten years ago. For example, the studies that are currently being
conducted to evaluate the potential impacts of the Bay-Delta Conservation Plan
(BDCP) evaluate an 82-year hydrologic period extending from 1922-2003. These

Pasadena, CA * Philadelphia, PA * Harrisonburg, VA
www.flowscience.com
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studies use modeling tools such as CALSIM II to “re-operate” the system—i.e.,
historical hydrology is used as the basis for simulations of current operations and
operations rules.

However, significant changes have occurred in the way in which California’s water
resources system is operated since 2003. For example, Judge Oliver Wanger
delivered a number of decisions beginning in 2007 that reduced the amount of water
that could be exported from the Delta, and that imposed specific requirements for
flows within the Delta (e.g., Old and Middle River (“OMR”) flows). Although these
operational changes are simulated by CALSIM II, the models are not being used to
simulate hydrologic conditions in 2007 or later. Thus, model results for the period of
2007-present cannot be compared with observed conditions in the Delta for the same
time period, and it has not been established that the models adequately simulate these
new conditions.

The City recommends that the State Board examine model results for the period of
2007-present to establish that the available models accurately simulate conditions
under current operational rules.

2. The source of water in the Delta is an important determinant of water quality
and should be considered when establishing water quality standards. 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, and as a result of tidal mixing within the
Delta. (See also Town of Antioch v. Williams Irrigation District et al. (1922) 188 Cal.
451, 455.)

As will be demonstrated below, even though the City’s intake is located on the San
Joaquin River, very little San Joaquin River water is present at this location. Further,
the source of water within the Delta is a strong determinant of the quality of water,
and should be considered when evaluating potential future changes to the Delta or to
water quality objectives for the Delta.

My graduate work' investigated the sources of water in the Delta, and is illustrative in
demonstrating the importance of water sources. Daily composite samples were
collected at five locations within the Delta in the 1996-1997 time period, and the
geochemistry of these samples were used to identify the source of water at the export
pumps in the South Delta. Specifically, concentrations of sodium, calcium,
magnesium, and strontium were used to develop “fingerprints™ for Sacramento River
water, San Joaquin River water, and water from San Francisco Bay. and to calculate

''S. C. Paulsen, 1997. A study of the mixing of natural flows using ICP-MS and the elemental composition
of waters. Ph.D. Thesis, California Institute of Technology, May 22, 1997.
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the fraction of water from each of those sources in water samples collected at Clifton
Court Forebay and at Bethel Island, in the interior of the Delta (see Map below).

. iy'Bmmaton Ty

'*Bethei Island

*_Clif’con Couct Forebay _‘ﬁ
: L

Map. Location of the City of Antioch’s drinking water intake. Clifton Court Forebay,
Bethel Island, Emmaton, and Three Mile Slough are also shown, and are referenced in
these comments.

As shown in Figure 1, the chemical fingerprints were used to compute the source of
water at Clifton Court Forebay and at Bethel Island. The blue bars indicate that most
water at the State Water Project intakes originated from the Sacramento River; pink
bars indicate the fraction that originated in the San Joaquin River, and the green bars
(very small, near the top of the figures) indicate the fraction from the Bay at
Martinez. (Note that it was assumed, mathematically, that all the water at these
locations originated from the three sources; sources of water interior to the Delta were
not considered, but were relatively minor.)
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Figure 1a: Source fractions determined at Clifton Court Forebay
using source “fingerprints*
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Figure 1b: Source fractions determined at Bethel Island
using chemical "fingerprints"
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Figure 1. Fraction of water present at Clifton Court Forebay (panel 1a) and Bethel
Island (panel 1b) that originated from the Sacramento River, the San Joaquin River,
and San Francisco Bay at Martinez. Concenirations of sodium, magnesium, calcium,
and strontium were measured in daily composite samples collected at these locations;
“source fractions” were calculated to add to 100%.

As shown in Figure 2, sodium, a surrogate for salinity, was one of the elements
measured at Clifton Court Forebay, the entrance to the State Water Project. Figure 2
includes open circles, which show the sodium concentration measured in water
collected from Clifton Court Forebay on a daily basis. The shaded bars indicate the
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source of the sodium in those samples based on source fingerprinting — i.e., the
fraction of water in each day’s sample that was calculated using the source
fingerprints to have originated in the two rivers and the Bay. Even though the San
Joaquin River was a relatively small fraction of the water (generally 10-30%), the San
Joaquin River was the source of just over 50%, on average, of the salinity at this
location. As expected, the presence of even small amounts of water from the Bay
contributed to a large fraction of the salinity at this location toward the end of the
study period. At Bethel Island (in the interior of the Delta), most salinity originated
from the Bay.

Figure 2a: Sources and concentration of sodium at Clifton Court Forebay
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Figure 2b: Source and concentration of sodium (salinity) at Bethel Island
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Figure 2. Concentrations and sources of sodium (a surrogate for salinity) at Clifton
Court Forebay (panel 1a) and Bethel Island (panel 1b) that originated from the
Sacramento River, the San Joaquin River, and San Francisco Bay at Martinez. Open
circles show concentrations of sodium measured at these locations; colored bars show
the concentration of sodium from each of the three major sources of water to the
Delta, calculated from source fingerprints shown in Figure 1.



State Water Resources Control Board | R
November 11, 2012 FLOW SCIENCE:
Page 6 -

These results were used to validate source fractions predicted by Delta models.
Figure 3 shows source fractions predicted for this time period by the Fischer Delta
Model (FDM); results obtained using the Department of Water Resources Delta
Simulation Model II (DSM2) are not shown but are similar. In general, the model
reproduces the source fractions that were calculated from direct water chemistry
measurements quite well, giving us confidence that the models can simulate the

source of water within the Delta with reasonable accuracy.

Figure 3a: Source fractions simulated at Clifton Court Forebay
using the Fischer Deita Mode! (FDM)
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Figure 3b: Source fractions simulated at Bethel Island
using the Fischer Delta Model (FDM)
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Figure 3. Source fractions predicted by the Fischer Delia Model (FDM) at Clifton
Court Forebay (panel 1a) and Bethel Island (panel 1b) that originated from the
Sacramento River, the San Joaquin River, and San Francisco Bay at Martinez. Results
from the DSM2 model (not shown) are similar.

Model studies have confirmed that, over a much longer period, very little San Joaquin
River water reaches San Francisco Bay, particularly during dry conditions. (See, for
example, Flow Science 2008, Effect of Increased Flow in the San Joaquin River on
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Stage, Velocity, and Water Fate, Water years 1964 and 1958.) Most San Joaquin
River water is diverted within the Delta (in-Delta consumptive use) or exported from
the Delta.

Future changes to the Delta may include the construction and operation of water
intakes in the North Delta (as proposed by the BDCP), which would export
Sacramento River water from the Delta. Some fraction of the river’s flow, which
formerly flowed from the Sacramento River into the Central, South, and Western
Delta, would be diverted before it reached these areas of the Delta. In addition,
exports from the South Delta, which historically have been composed primarily of
water from both the Sacramento and San Joaquin Rivers, would decrease or even be
eliminated during certain time periods.

Changes in the point at which water is diverted from the Delta would also, therefore,
change the composition of water within the Delta, and the residence time of water
within the Delta (i.e., the time period water is resident in the Delta before either being
diverted/exported or flowing to the Bay).

Antioch’s prior testimony presented preliminary model results from the BDCP
process that indicated that the proposed project would increase salinity at the City’s
intake. Salinity increases were simulated to be particularly large during the late
summer and fall months of above normal and wet years, and were largely
independent of the salinity increases projected to occur as a function of sea level rise.
That testimony is incorporated by reference and is not repeated here, except to say
that the proposed project has serious and potentially irreversible implications for the
City’s water supply and for the municipal/domestic supply (MUN) beneficial use in
the western Delta.

These comments, instead, focus on a second point: that other aspects of water quality
are also important and should be evaluated. Not only does the San Joaquin River
have higher salinity water than the Sacramento River, it also has higher
concentrations of other water quality constituents, such as pesticides and selenium.
Decreasing exports from the South Delta also is likely to increase the residence time
of water in the Delta, potentially resulting in worsening water quality due to higher
concentrations of in-Delta agricultural discharge water and potentially higher
temperature, algae levels, and lower dissolved oxygen levels.

The City recommends that the source of water, water quality impacts, and impacts of
changed residence time be modeled and evaluated by the State Board as part of its
effort to establish objectives for the Bay-Delta.
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3. Creation of new habitat, combined with sea level rise, has the potential to alter
hydrodynamics and salinity within the Delta. As noted in prior testimony, habitat
creation can result in unintended consequences—e.g., depending on the location and
design of new habitat, salinity levels in the western Delta could be increased as a
direct consequence of habitat creation.

In addition, models typically retain current geometry when simulating new habitat.
However, flooding new areas may affect hydrodynamics throughout the region and
will certainly affect currents and sediment transport in the channels adjacent to the
new habitat. Over time, there will likely be erosion in some areas and deposition in
others, which in turn will affect velocity and turbidity. The geomorphic changes
caused by the new habitat should be incorporated into the models, perhaps running
multiple scenarios as the habitat evolves.

Similarly, models typically retain the current geometry when simulating the higher
water levels that will occur with sea level rise—i.e., the models typically assume that
current channel walls and levees will extend vertically upward to the new water
surface. This assumption, which implies that a sea wall will be built along the
shoreline of the Bay and all Delta channels, is clearly incorrect. For instance, it is
unlikely that levees would be built to prevent inundation of the salt ponds that are
currently undergoing restoration in the north Bay. The model designers need input
from policy makers to specify which areas in the future will be protected by sea walls
and which will be open to inundation. Without this information, the models do not
rigorously simulate the new shallow water areas that are likely to be important in
determining hydrodynamics and tidal behavior in the Delta.

The City recommends that model simulations rigorously evaluate the potential
salinity and water quality impacts of new habitat that is expected during the life of the
plan. Models should be adjusted, if necessary, to include shallow inundated areas
that are not currently simulated but would be important at higher water levels.

In addition, and as detailed in prior testimony, Antioch believes that it is in the City’s best
interest, and in the interest of the Delta ecosystem, to maintain freshwater conditions in
the western Delta. Thus, the City reiterates its requests that:

e Given historical conditions, salinity should not be allowed to rise (and outflows
should not be allowed to decline) beyond existing levels as required by D-1641
and X2 operations criteria.

e Compliance points (such as the compliance point currently located at Emmaton)
should not be moved landward (as is being proposed by the BDCP).

e The State Board should consider using the gauging station at Antioch as a point of
interest for monitoring of both salinity and flow conditions in the western Delta.
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e The State Board should ensure that mitigation is provided for impacts to
beneficial uses that occur as a result of the BDCP project.

Please contact me at (626) 304-1134 if you have any questions regarding this
submittal. We thank you for your consideration of these comments and for the
opportunity to participate in the process to revise the Bay-Delta Plan.

Sinse,rely,

Susan C. Paulsen, Ph.D., P.E.
President and Senior Scientist
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April 14, 2010

Division of Water Rights

State Water Resources Control Board
Attention: Phillip Crader

P.O. Box 2000

Sacramento, CA 95812-2000

Re: Delta Flow Criteria Closing Comments
Dear Mr. Crader:

Flow Science, on behalf of the City of Antioch, appreciates this opportunity to submit
closing comments to the SWRCB regarding its development of Delta Flow criteria for the
purpose of informing planning decisions for the Delta Plan and the Bay Delta
Conservation Plan.

Our closing comments include key points and recommendations for SWRCB
consideration, supported by our written testimony and exhibits and the oral testimony
provided at the hearings on March 22-24, 2010. Because we do not have the biological
expertise to recommend specific flow rates and flow volumes, we are not providing
specific quantitative recommendations with this submittal.

At the March 2010 hearing, we suggested that it may be useful for the SWRCB to
consider a process of simultaneously working from the “bottom up”—identifying the
flow needs of fish—and working from the “top down”—analyzing flows that can be
provided by the current system and systems operations, in the context of other beneficial
uses, including upstream flow and temperature requirements, and water supply needs.
On behalf of the City of Antioch, I would be happy to work with SWRCB Staff to
explore the advantages of such a process and to participate in such a process.

Key Points for SWRCB consideration

As discussed in our February 16, 2010, written submittal, the City of Antioch has been
diverting water for drinking water use from the western Delta since the 1860s. In its
written testimony, the City of Antioch has provided the SWRCB with information and
data on historical flows and salinity conditions in the western Delta (testimony submitted
by the City of Antioch on February 16, 2010, and incorporated here by reference in its
entirety; see http://www.swrcb.ca.gov/waterrights/water_issues/programs/bay delta/
deltaflow/antioch.shtml). Key points in the City’s oral and written testimony include the
following:

Mt. Pleasant, SC ® Harrisonburg, VA * Philadelphia, PA ® Pasadena, CA
www.flowscience.com
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1. Historical fresh conditions must be considered in any effort to restore ecological
conditions in the Delta.

We believe that it is essential for the SWRCB and its Independent Science Team to
consider the historical salinity and flow conditions within which the Delta fisheries
thrived, to ensure that the Delta flow criteria and other standards will ensure the
protection of public trust resources, i.e. the future biological and ecological integrity of
the Delta.

Systemic changes in the Delta over the years have reduced freshwater flows and
dramatically increased salinity (Antioch testimony, Document #5, p. 1). Infrastructure
and flow diversions have changed distribution and timing of freshwater flows, and
historic conditions were far fresher than current conditions (Antioch testimony,
Document #35, p. 2-4 & Document #6, p. 16-21).

It has sometimes been contended that the Delta was historically saline. As mentioned in
our oral testimony (and as documented in the City’s written testimony at p. 4-5 of
Document #5), while the system experienced variability in flows and salinity in the past,
the variability existed in a significantly fresher Delta, especially in the fall, spring and
early summer months. As shown in Contra Costa Water District’s submittal “Historical
Freshwater and Salinity Conditions in the Western Sacramento-San Joaquin Delta and
Suisun Bay” (at p. v and p. 47), while variability occurred historically, the levels of
salinity were much lower than current conditions.

2. Native species are adapted to historical conditions, so historic salinity and flow
patterns must be considered in establishing appropriate flow and salinity standards.

Our oral testimony during the March 2010 Informational Proceeding outlined the changes
that have occurred to alter the flow and salinity environment in the Delta. This testimony
on such changes was supported by other panelists. These changes include, in
approximate chronological order:

e  Alterations to Delta channels and loss of marshlands (Antioch testimony,
Document #5, p. 1-2 & Document #6, p. 7)

e  Alterations to sedimentation and transport patterns (Antioch testimony, Document
#6,p.7)

e  Diversions of flows upstream of the Delta including the dewatering of significant
portions of the San Joaquin River (Antioch testimony, Document #5, p. 2 &
Document #6, p. 14-15)

e  Diversions/exports of flows from the Delta and from Delta channels themselves
(Antioch testimony, Document #6, p. 8 & p. 16)
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3. Because of these changes to the Delta, flow now plays a more crucial role than in

the past, in order to maintain or improve physical habitat and water quality in the
Delta.

We encourage the SWRCB to explore and document the biological significance of the
historical changes in flow and salinity regimes, and to consider this information in its
recommendations. It is critical to keep in mind the significance of Sacramento River
flows on the health of the public trust resources in the Delta.

Closing Recommendations

1. SWRCB should review, consider, and incorporate historic salinity data into its Flow
Criteria analyses. The City of Antioch and Contra Costa Water District have
provided valuable data regarding historic Delta flow and lower salinity conditions.

2. SWRCB should use historic flow and salinity data to establish a baseline of water
quality and flows sufficient to restore public trust resources in the Delta.

3. SWRCB should ensure that flows are not reduced, nor salinity increased, beyond
levels assured by D-1641 and current X2 requirements. Ideally, the SWRCB should
increase flows to more proximate historic conditions of outflow and low salinity. The
City is not recommending that historic flows be completely restored as this is not
practical and could potentially impact other beneficial uses. However, historic flows
and historic low salinity levels supported native species and must be considered in
making any determinations on restoring Delta flows.

4. Compliance points for outflow and salinity should not be moved land-ward (easterly)
and should likely be established more westerly than present as supported by the
historical data.

5. Due to the loss of historic San Joaquin River flows, it is critical that Sacramento River
flows be maintained in and through the Delta — and that the SWRCB recognizes that
such Sacramento River flows included significant flows into the Central and Western
Delta through Georgiana and Three Mile Sloughs.

6. SWRCB should consider using Antioch’s gauging station as a ‘point of interest’ to
gauge flow and salinity conditions, given Antioch’s historical diversion of fresh
drinking water dating back to the 1860s.

Please feel free to contact me or Phil Harrington with any questions.

Sincerely,
7 /

Sdan. . / Al
/

Susan C. Paulsen, Ph.D., P.E.
Vice President and Senior Scientist

cc: Phil Harrington
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August 16, 2012

8-16-12
State Water Resources Control Board SWRCB Clerk
1001 I St.
Sacramento, CA 95814
Via email: commentletters@waterboards.ca.gov
Subject: Addendum to City of Antioch submittal for the Bay-Delta Workshop 1

— Ecosystem Changes and LSZ
Excerpts from Three Relevant Historical Documents
FSI 064136

Dear Ms. Townsend and Members of the Board,

Our previous letter (dated August 7, 2012) provided information demonstrating
that the Delta was historically a freshwater ecosystem (prior to about 1918). In addition,
prior testimony (March 22, 2010) included three relevant historical documents that
clearly indicate that the Delta was historically fresh. We are resubmitting relevant
excerpts from these three documents, since the information regarding the historical
freshwater nature of the Delta is important for the Board to consider. These excerpts are
attached and are listed below:

e Excerpts from a report by Thomas Means (1928): “Salt Water Problem”,
pages 9, 10 and 57.

e Excerpts from the Department of Public Works (DPW) (1931) Report:
“Variation and Control of Salinity in Sacramento-San Joaquin Delta and
Upper San Francisco Bay”, pages 22 and 60.

e Excerpts from the DWR (1960) Report: “Delta Water Facilities”, page 13.

To facilitate the Board’s review we have also provided excerpts of relevant
passages from these documents, as follows:

“Under natural conditions, Carquinez Straits marked, approximately, the boundary
between salt and fresh water in the upper San Francisco Bay and delta region of the two
tributary rivers — the Sacramento and San Joaquin. Ordinarily salt water was present
below the straits and fresh water was present above. Native vegetation in the tide
marshes was predominantly of salt water types around San Pablo Bay and of fresh water
types around Suisun Bay.” (Means, 1928, pg. 9).

Harrisonburg, VA * Philadelphia, PA ® Pasadena, CA
www.flowscience.com
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In response to salt intrusion into the Delta in the dry years of 1918, 1920, 1924 and 1926,
Means writes referring to the previous decade (i.e., 1918 through 1928), “It is probable,
should all streams be running in a natural way, that salt water would have penetrated no
farther in this extremely dry period than Antioch, and then only for a few days at a time.”
(Means, 1928, pg. 10, emphasis added).

**...salt water under natural conditions did not penetrate higher upstream than the mouth
of the river, except in the driest years and then only for afew days at a time, ...”" (Means,
1928, pg. 10).

The first four points in the Summary of Means (1928, pg. 57) were:

1. “Carquinez Strait marked approximately the boundary between salt and fresh
water under natural conditions.

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

3. If the water now diverted for irrigation and held in storage were released, natural
conditions would again be brought about.

4. The dry year of 1918, in which the urge of war had encouraged heavy plantings of
rice and other crops in the Sacramento Valley, resulted in penetration of salt water
into the Delta for a longer time and to a greater distance upstream than ever
known before.”

“The dry years of 1917 to 1919, combined with increased upstream irrigation diversions,
especially for rice culture in the Sacramento Valley, had already given rise to invasions
of salinity into the upper bay and lower delta channels of greater extent and magnitude
than had ever been known before.” (DPW, 1931, pg. 22)

“From 1880 to 1920, Pittsburg (formerly Black Diamond) obtained all or most of its
domestic and municipal water supply from New York Slough [near Pittsburg at the
confluence of the Sacramento and San Joaquin Rivers] offshore.” (DPW, 1931,

pg. 60)

“From early days, Antioch has obtained all or most of its domestic and municipal water
supply from the San Joaquin River immediately offshore from the city... However,
conditions were fairly satisfactory in this respect until 1917, when the increased degree
and duration of saline invasion began to result in the water becoming too brackish for
domestic use during considerable periods in the summer and fall.” (DPW, 1931, pg. 60)

DWR found that freshwater (defined as chloride concentrations less than 350 ppm) was
available at San Joaquin at Antioch 88% of the time under “natural” conditions. This had



State Water Resources Control Board I
August 16, 2012 FLOW SCIENCE.:
R EEs

decreased to 73% by 1920 and 49% by 1960 (DWR, 1960, pg. 13. Percentages estimated
from figure on right side of page 13.).

We respectfully request that this letter and the attached documents be included in the
administrative record for the Bay-Delta Workshop 1 — Ecosystem Changes and L.SZ.
Sincerely,

AT b —

Al Preston, Ph.D., P.E.
Senior Scientist
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PENETRATION OF SALT WATER IN UPPER BAY
AND LOWER RIVER REGION

Under natural conditions, Carquinez Straits marked, approximately, the
boundary between sait and fresh water in the upper San Francisco Bay and delta
region of the two tributary rivers—the Sacramento and San Joagquin. Ordinarily
salt water was present below the straits and fresh water was present above, Native
vegetation in the tide marshes was predominantly of salt water types around San
Pablo Bay and of fresh water types around Suisun Bay,

In tidal waters, into which run fresh water streams of variable low, there is an
ebb and flow of salt water and the zone of mixing will move up and down stream as
the fresh water flow increases and decreases. For short intervals in late summer of
years of minimum flow, salt water penetrated the lower river and delta region, and in
wet scasons the upper bay was fresh, part of the time, to the Golden Gate. This
variation in quality of water was not, however, of sufficient duration to affect the
characteristic vegetation growth of the regions on each side of the straits, nor to
change the designation of Suisun Bay as ordinarily a fresh water body and San
Francisco Bay as salt water.

The works of man have changed conditions in many ways. The most important
changes have been brought abont gradually,—sa slowly as to be hardly noticeable.
The dry season of 1918,—when large summer diversions for irrigation in the Sac-
ramento Valley resulted in the sudden penctration of salt water farther upstream
than ever known before, at such an early period in summer,—frst brought the salt
water problem to pablic notice. The slow effects of increasing diversions in previous
vears had cscaped notice, but were brought prominently to the attention of the in-
habitants of the upper bay and delta regions in this year. Since 1918, the dry years
of 1920, 1924 and 1926 have more convincingly demonstrated the importance of
the salt water problem.

An accurate picture of natural conditions is not possible, because no records have
been collected on which such a picture can be based, but very close approximations
can be made, The log of the distance traveled by the water barge of the California
Hawaiian Sugar Company in going upstrcam to obtain fresh water has been kept
since 1908. These figures give the means of determining approximately the condi-
tions during that period. In 1908 irrigation had been extensively developed in both
valleys and conditions then were not natural. For an estimate of earlier conditions
we must go to the stream flow records of the tributary streams before important
diversions are taken out,

It is the practice of the Sugar Company to send the barge upstream until water
of approximately 50 to 70 parts per million chlorine is reached. The crew of the
barge are equipped with apparatus by which water is analyzed until this degree of
purity is reached, Since trips are made nearly every day during the summer months,
the record is a very good indication of the point reached by salt water. A sammary
of the complete records shows the fluctuation of the line between fresh and sait
water, Records of the Sugar Company are attached. (Table 1.) -

The Sugar Company requires water of great purity. For irrigation, demestic
or ordinary industrial uses, water of a lesser degree of purity may be used. 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 ten miles dewn-
stream from the place where the barge turns, water could be obtained satisfactory for
domestic supply. Making an allowance of 7% miles in the average records, we find
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that an average fow of 5,000 second feet in both streams will maintain fresh water
at Collinsville; 7,000 second feet will maintain fresh water at the San Francisco-
Sacramento ferry.

1f we sum up the flow of the important tributaries of the Sacramento and San
Joaquin rivers at the points where these streams leave the mountains and assume that
this flow under natural conditions would have reached the head of the Suisun Bay,
we will find that at no time in the past ten years would the average monthly flow
have been less than 5,100 sccond feet. [t is probable, should all streams be running
in 2 natural way, that salt water would have penetrated no farther in this extremely
dry period than Antioch, and then only for a few days at a time,

It is not possible to make a more detailed study of this condition without
making a number of assumptions as to speed of flow from the gaging stations to the
head of the bay, and there is little accurate information on which the assumptions
may be made. The definite statement that salt water under natural conditions did
not penetrate higher upstream than the mouth of the river, except in the driest
vears and then only for a fow days at a time, is warranted. (See Table 2 for montnly
flow of tributary streams.)

At present salt water reaches Avtioch every jear, in two-thirds of the years run-
ning further upstream. It is 1o be expected that it will continne to do so in future,
cven in years of greatest runoff. In other words, the penetration of salt water has
become a permanent phenonienon in the lower river region.

CAUSE OF CHANGE IN SALT WATER CONDITIONS

“The cause of this change in the salt water condition is due almost entirely to
the works of man. If natural changes have had any eflect, it is too small to be
measured. The most important natural condition is the sequence of dry and wet
periods. Since 1917 the State has experienced dry years with low runoff in nearly
all streams. During this period two years have exceeded normal stream flow in some
streams (1921 and 1927). In each of these years excessive salinity (over 100 parts
chlorine per 100,000) was present at Antioch about two months,

Irrigation
Storage and diversion of water have been the principal causes of salinity in-
crease in the upper bay country. The arca irrigated varics from year to year; in
1926 the acreage of lands on the floor of the valley was approximately as follows:

Estimate of Diversions and Area Irrigated 1920—Sacramento and San Joaquin
Valleys, Not Including Mountain Areas

Acre Feet Acres
Diverted Irrigated
Sacramento and tributaries above Sacramento, including
rice, 128,439 acres ... e e e e e s B ) 235,995
Delta uplands . oo i s i s 146,906 53,649
1573 (300 1 oy ORI Al So W e - 264,479
San Joaquin Valley estimated. e 2,100,000 700,000

3,891,879 1,254,123

In sddition to this area on the valley floor, there is a large acreage in the moun-
tains which uses water from the streams tributary to the rivers that drain €hrough
Suisun Bay. The acreage irrigated in the mountains is not so accurately known as
the area on the vallev foor, but it is farge and, particalarly in low flow season, very
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SUMMARY

1. Carquinez Strait marked approximately the boundary between salt and fresh
water under natural conditions.

2. Prior to diversions for jrrigation, Suisun Bay was brackish in late summer and
salt water may have penetrated as far as Antioch, but only for a few days at
a time in years of lowest run-off,

3. If the water now diverted for irrigation and held in storage were rcleased,
natural conditions wouid again be brought zbout,

4. The dry year of 1918, in which the urge of war had encouraged heavy plant-
ings of rice and other crops in the Sacramento Valley, resulted in penetration
of salt water into the Delta for a longer time and to a greater distance up-
stream than ever known before.

Examination of available information shows that the yearly increased diver-
sion of water which had been going on since irrigation commenced in the
valleys of California, had been gradually affecting the movements of salt
water. This slow effect was hardly noticed until 1918,

6. lrrigation and storage are not solely respousible for the influx of salt water,
The load of hydraulic mining debris deposited in the streams draining the
Sierra Nevadas is a minor factor in the problem. As the sediment moves down-
stream the tidal prism is changed and the movement of water is affected,

7. Leveeing and reclamation of marsh lands, around the bays and in the delta
region, have had a slight effect upon tidal movements, The net effect of levee-
ing marsh land has been to decrease the tendency of salt water o flow up-
stream.

8. TLeveeing of basin lands and diversion of floods through by-pass channels has
had an important effect in sending floods rapidly to tide water and in reducing
the late summer flow of water which under natural conditions was stored and
slowly released from basins.

9. Dredging, particularly in lower portions of the rivers and in the navigation
channels of San Pablo Bay, has increased the tendency for salt water to flow
up-stream. Dredging in Suisun Bay and in the deep water channels to Stockton
may have the same tendency. All ncreases in channel depth and in straighten-
ing of approach have a tendency to increase up-stream flow of salt water,
though a quantitative estimate of this tendency cannot be made.

10, Trrigation now diverts the entire low flow of all streams entering the San Joa-
quin Valley. The only flows reaching tide water in late summer and early fall
are return waters—seepage from irrigation.

11. Pumping plants on the west side of the San Joaquin Valley, lifting water to
the west side slopes, now divert more water during late summer than enters
tide-levels from the river. The San Joaquin delta under present conditions is
dependent in late summer of dry years on flow from the Sacramento River.
Additional pumping plants are being installed and there will be a greater
tendency in the future than in the past for salt water to flow up-stream into
the delta channels,

12, lrrigation in the Sucramento Valley in late samvmer diverts practically all the

flow of streams entering the valley floor. The flow of the river at Sacramentap

the head of tide water, is now largely return scepage or waste from canals.

The low flow at Sacramento was 500 second feet in [920; 2750 in 1921,
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