L0224 City of Antioch

Response to comment L0224-1

Comment notes.

Response to comment L0224-2
Please refer to the responses to comments LO224-4 to LO224-39 below.

Response to comment L0224-3

Comment noted.

February 3, 2012

Via email to: eircomments@deltacouncil.ca.gov

To: Phil Isenberg, Chair, Deita Stewardship Council {DSC)
DSC Council Members
Joe Grindstaff, Executive Officer, DSC
Terey McCauley, Interim Chief Deputy Executive Officer, DSC
Clifford Dahm, Lead Scientist, DSC

Re: City of Antioch comments on the Delta Plan EIR

The City of Antioch {Antioch} commends the DSC for its effort in preparing the Delta Plan EIR (EIR) and respectfully sublmits
cur comments for your consideration. Our comments are presented in tabular format, with sections, page andHine224-1
references, to make it easier for Delta Stewardship Council (D5C) members and staff to review.

With all due respect to the hard work of the staff and consultants, Antioch remains concerned that our prior comments on

the Delta Plan have not been addressed, nor have changes been made to rectify incorrect and misleading information|that
continues to be used in the EIR.

Impacts to the western Delta are not correctly or consistently presented, and mitigations for these impacts are| not
proposed. Historical records regarding the salinity of the Delta, and in particular the historically low salinity conditions|that
occurred in the western Delta, have been disregarded in the EIR, leading to false assumptions about returning to Mmorg 54 5
saline “historical or natural conditions.” This incorrect assumption, not based on historical fact, would appear to pave the
way toward allowing the Western Delta to become saltier, therefore paving the way for the BDCP preliminary praject,
which will increase salinity in the Western Delta (see below and attached.) We find this very disturbing for a number of
reasons: ignoring historical fact and scientific studies about Delta salinity; using policy science rather than the Indepenfent
Science Board and other scientific bodies’ findings and recommendations. We strongly urge you to correct this|and
continue to be happy to engage with you and your staff to provide additional information.

This submission by Antioch also includes five attachments that document historic flow and salinity conditions, and indicate
that the western Delta was historically a fresh water body. We also submit an excerpt from the BDCP Effects Anglysis
Appendix C, which shows significant western Delta impacts. The City asks that the following five documents be included in
the administrative record for the EIR and considered together with the City’s comments, included in revisions to the EIR!

s Comment table (enclosed)

*  Attachment 1: COWD's Historic Salinity Study

=  Attachment 2: SWRCB Flow criteria hearing testimony by Susan Paulsen (Flow Science Incorporated) on behalf of
the City of Antioch

P X |- L0224-
+ Attachment 3: Thomas Means, April 1928, Salt Water Problem, on salinity increases in the Western Delta 2 2




—L0224-3

*  Attachment 4: City of Antioch comments on Fifth Draft Delta Plan
*  Attachment 5: Excerpt from BOCP Effects Analysis, Appendix C, Section €.7.1.3, Salinity, 12/14/2011

Antioch would like to make the following key points for consideration by DSC members and staff. More detailed cumr?ents
are included in the enclosed comment matrix.

Long Term Impacts

" ” < = L0O224-4
* Most of the EIR discussion focuses on short-term impacts (construction, noise, etc.) that result from

implementation of projects expected to lead to long-term improvements. However, the Proposed Project |(PP)
includes the BDCP, and therefore will result in long-term negative water quality and water supply impacts at
Antioch. These must be mitigated.

Historical conditions and “natural” flows n

*  There's clearly a misconception about the “natural” or “historical” flow conditions. Information and data CDmniI%
by Antioch and CCWD shows that the western Delta was historically much fresher than it is today. (See[th 224
attachments to this letter.)

* The PP seems to indicate that a more saline western Delta existed in the past and should be restored. This is not
only incarrect, but is misleading and could be construed to “pave the way" for increased exports, resulting im224-5
significant impacts to western Delta water quality and flow.

Proposed Project Impacts to Antioch and the western Delta 7]
* Current model data from the BDCP “preliminary proposal” effects analyses (Attachment 5 BDCP Appendix C,
s Section C.7 — Conclusions) clearly show increased salinity impacts in the western Delta as a result of a decrease 2247
the volumes of flow from the Sacramento River that reach the Western Delta {resulting from upstream export)and
due to the creation/restoration of tidal habitat in the Delta, upstream of Antioch. _
*  Although the Delta Plan EIR mentions pn BCosy ({ projects as a potential cause of increased
salinity in the Western Delta, the EIR fails to mention increased exports from the Sacramento River upstream-0b224-8
the Western Delta as a factor in the increased western Delta salinity. This should be corrected.
® The Draft EIR is inconsistent in outlining and assigning significance to this impact. Increases in salinity in| the
western Delta will cause significant impacts to Antioch’s water supply quality, availability, and reliability, and. %2240
such must be mitigated.

Lack of Mitigation

* No mitigation options for western Delta impacts are discussed or outlined in the Delta Plan. A full range of
mitigation options for BDCP should be considered in the plan, such as adjustment of Antioch’s contract with 224-10
for compensation, tie-ins to BDCP project, brackish water desalination or other mitigation options.

Cumulative impacts to the Delta system as a whole are not discussed in the plan

= There is no discussion of which, if any agency will monitor overall health of the Delta system. For example, who
will track the combined impacts of the BDCP, Three Mile Slough and Oid and Middie River gates projects on the -~ "
Delta as a whole? (See Antioch’s Fifth Draft comments submitted with this letter.)

Thank you for your consideration of these comments. Please contact me if | can be of assistance or provide addi}r@bud_u
information.

Sincerely,

Phillip Harrington, Director of Capital Improvements/Water Rights
City of Antioch, P.O. Box 5007 Antioch, CA 94531-5007

Response to comment L0224-4

The proposed BDCP is a reasonably foreseeable future project that is
being evaluated by the Department of Water Resources as the CEQA lead
agency. The cumulative impacts of the proposed Delta Plan, in
combination with the impact of the proposed BDCP, are described in EIR
Sections 22 and 23. In addition, the Delta Plan must be reviewed at least
once every five years and may be revised as the Council deems
appropriate pursuant to Water Code section 85300(¢c). Hence, the Delta
Plan would be amended when the BDCP is ready for incorporation. Please
refer to Master Response 1. Section 3 of the EIR addresses impacts on
water supply and water quality from both construction and operation of
the type of projects that would be consistent with the Delta Plan.

Response to comment L0224-5

As describe in Section 3, the EIR agrees that areas such as Suisun Bay
have become more saline than during some periods in history. See also
Master Response 5.

Response to comment LO224-6

Sections 3 and 4 of the EIR discuss more variability in salinity in the Delta
especially prior to construction of the levees and the communities in the
Delta. See also Master Response 5.

Response to comment L0224-7

The results from the referenced information are consistent with the EIR’s
description of significant adverse impacts to water quality due to the
SWRCB water quality and flow objectives and criteria for a more natural
flow regime and encouragement of Delta ecosystem restoration actions.
Please refer to Master Response 5.

Response to comment L0224-8

Please refer to the response to comment LO224-7. As noted in the Draft
EIR and RDEIR, it is possible that increased salinity in the western Delta
in the summer months could cause adverse impacts to users of Delta
water. Future, site-specific environmental analyses conducted at the time
such projects are proposed by lead agencies will address project-level
impacts. Nonetheless, the EIR conservatively determines that these
impacts could be significant.



Response to comment LO224-9

As described in response to comment .O224-7, the results from the referenced
information are consistent with the Delta Plan Program EIR description of
significant adverse impacts to water quality. However, as described in Section 2B of
the EIR and Master Response 2, the Delta Stewardship Council does not propose or
contemplate directly authorizing any physical activities, including but not limited to
construction or operation of infrastructure. Rather, through the Delta Plan, the Delta
Stewardship Council seeks to influence the actions, activities, and/or projects of
other agencies, the details of which would be under the jurisdiction and authority of
the agencies that will propose them in the future and conduct future environmental
review. Without specific details of future projects, it is not possible for the Delta
Stewardship Council to develop quantitative thresholds of significance, conduct
site-specific quantitative analyses, and design site-specific mitigation measures.
Accordingly, in the absence of specific proposed physical projects, this EIR makes
a good faith effort to disclose the potentially significant environmental effects of the
types of projects that may be encouraged by the Delta Plan and to identify program-
level mitigation measures.

Response to comment L0224-10

Please refer to the response to comment LO224-4.,

Response to comment L0224-11

This is a comment on the Project, not on the EIR.

Response to comment L0224-12

Comment noted.



Delta Plan EIR Comments from the City of Antioch 2/2/2012

EIR Section | Subsection Page [line | Text Comment / Suggested Language
number | number
Erecutive | Description of the Proposed | E52 [ N/A | "Rellable Water Supply: New or
| Summary | Project expanded reservoirs, groundwater
oroduction facites (wells and mitigating for the impact of higher salinity caused by the
o il proposed project in the western Delta. The water in the
pipelines), ocean desalination ] i
» western Delta is expected under the propased pro S
bl become too saline for use as municipal supply, but gesalting
fities the water in the western Delta s one option for renflering
this water usable.
Corresponding changes should be made in the relevaint
= | chapters of the EIR & wel.
| Brecutve | Table 51 £S11 [N/A | Substantially Change Water Supply | Proposed project poses substantial and significant impacts
Summary | EIR Section 3-3 Avgilability to Water Usersthat | to Antioch and the Western Delta water quality and jwater

se Delta Water: Significance after
Mitigation - Sv/LTS {Less than
significant for covered actions,
Less than significant for non-
covered actions if implementing
agencies implement mitigation;
significant and unavoidable for
non-covered actions because 0SC
cannot mandate implementation).

supply reliability and will also impact the Delta econpmy

We have commented on this numerous times in writing and
in person, and in the Fifth Draft, yet these impacts afe not

included in the EIR. Also, we canfind no mitigation for these
impacts in this EIR.

Suggest adding language that describes potential imEacEs to
the Western Delta and also proposes potential mitig oo |
measures for these impacts.

Impacts to Antioch include;

Water Supply Reliability/Water Quality
+  Diminished water quality, decreased ﬂaw,:Jreased

salinity, and changed hydrograph due to effects of

upstream restoration projects and the

Response to comment L0224-13

The term "ocean desalination" is used generically throughout the EIR to
mean desalination of sea water with salinity that ranges from less than to
equal to salinity in ocean water.

Response to comment L0224-14

The Delta Plan assumes the encouragement of local and regional water
supplies, including water use efficiency, water recycling, desalination, and
groundwater conjunctive use programs to meet water demands projected
in existing general plans and in response to increased salinity in the Delta
due to implementation of reliable water supply, Delta ecosystem
restoration, improved water quality, and flood risk reduction actions.
Accordingly, the impacts addressed in this comment are deemed to be less
than significant after mitigation. See also Master Response 5.



. Response to comment L0224-15

Please refer to response to comment LO224-7.

EIR Section | Subsection Page |Line | Ted Comment / Suggested Language

Sy | et Response to comment L0224-16
implementation of the BDCP preliminary prtosa!

{Attachment 5: Excerpt from BDCP Effects Analisiss.1.

Appendis C, Section C.7.1.3, Salinity, 12/14/p011)
+ Decreased ability to use water in the western Delta
for municipal supply
Other beneficial uses/Economic Impacts
o Recreational boating and fishing is & freshwater
industry. Changes to flow, water quality an
increased salinity wil directly impact the cutrent
industry
[ ¥Section1: | L10eka PlanPurposeand (12 |34 Improve water quality to meet | The Purpose and Project Objectives for “water qually
Introduction | Project Objectives drinking water, agriculture, and | improvement” do not include any such positive outcomes
ecosystem long-term goals for Antioch

The Proposed Project degrades water quality in the western
Delta, and therefore does not improve Antiach's w%
quality to meet drinking water goals, due to the Delta Plan's

incorporation of the BOCP.

The discussion referred to in this comment is based on text from the Fifth
Staff Draft Delta Plan. Thus, this is a comment on the Project, not on the
EIR.

—

=

Current modeling data from the BOCP (Effects Analyses
Technical Appendix C (Flow) Section C.7.1.3 (Attachment 5:4-1
excerpt attached) in fact shows that salinity increases in the

western Delta, particularly in the May-September
timeframe. Section C.7 states that the increases in salinity
are a function of reduced Sacramento River flows ann are

enhanced by the creation of tidal habitat proposed a§ part
of the BDCP prefiminary proposal.

Antioch suggests that the Delta Plan EIR should
acknowledge this fact and propose mitigation for the

‘ impacts. J
[¥Section1: | 1.1DeltaPlan Purposeand | 1:3 2939 | The Delta Plan shall meet all of the | Throughout the EIR, justification for actions appears fo be
Introduction | Project Objectives following requirements... based on public policy research (PPIC) rather than fr
scientists, like the Independent Science Board {ISB.) |- 1022445
"B based on the best avaiable | Examples include:

o

-




; Response to comment L0O224-17

This is a comment on the Project, not on the EIR.

EIR Section | Subsection Page |Line |Text Comment / Suggested Language
number | number
scientific information and the + 158 has stated (a5 has SWRCB) that Delta outflow is Resp onse to comment L0224 18
independent science advice the key known factor for fisheries health, PRIC Please refer to Master Response 1.
provided by the Delta 15B." statesit is a factor but not a key factor,
+  Historical data show the Western Delta as a tidally

influenced fresh water system, not the saling system

that PPIC continues to claim, Why aren't these

historical data being used?
o PPIC uses climate change and sea level rise t
postulate tatastrophic change to the Delta.
However, BDCP modeling of the preliminary
proposal shows that salinity increases in the westasn
Delta will result from reduced Sacramento River
flow, restoration {increzsed tidal habitat), and sea
level rise. See Attachment §: Excerpt from BDCP
Effects Analysis, Appendix C, Section €.7.1.3,
Salinity, 12/14/2011
The DSC should use scientific information an
modeling to capture the relative importance|of
these factors and should, in any case, acknowledge
that the BOCP preliminary proposal would result in
increased salinity in the Western Delta on top of the
increases that may occur as a result of clima
change i.e,, BOCP will exacerbate the situatipn).

[

Recommend that the EIR use scientific, not public policy
group data to describe known and potential impactsstate
areas of uncertainty in these data, and not use PPIC

information as fact,
[¥5ection; | 1.1 Délta?lan?urpuseand 14 12 “Include  science-based, Asdistussedabuve,fﬁeEIRhasseemingiyignored me of
Introduction | Project Objectives transparent and formal adaptive | the independent scientific bodies who have the mastup-o-
management strategy for ongoing | date data as welas the BOCP's effects analyses, infavgpof, 1,
ecosystem restoration and policy-driven science that postulates and looks to megt a
management decisions. certain goal. This sets a poor precedent for meeting this
objective,
#Section JA: | 21.2 Covered Actions | 242~ | Al | Covered Actons Itisnotclear whether o ot a change in the ocation df

TLOIM-]S
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EIR Section

Subsection

Page
number

Line
number

Text

Comment / Suggested Language

Proposed
| Project and
Alternatives

W4

Ao’ point of diversion or construction ofa new intake is
covered action or not, based onthese definitions.

The City has found, in its review of this draft document, that
itis exceedingly difficut to ascertain which actions might or
might not be covered or included as part of the progosed
project, particularly considering that some impacts might
resultin new projects that might o might not be copsidered
mitigation for other Impacts.
= 10224:1
For example, higher salinity conditions in the westesn Delta
will be caused by the proposed project (since, as degcribed

in these comments, the praposed project includes the
BDCP); higher salinity in the western Delta will have p
significant impact on Antioch's ability to use water af i
intake location,

These impacts could be mitigated by tying Antioch inta the
new BOCP diversion/pipeling, by constructing a desq] plant
near the current intake, by renegotiating the terms of
Antioch's contract with DWR, or by other measures. It s
unclear whether these measures would be part of
proposed project, part of mitigation measures necessitated
by the impacts of the proposed project, or not included at all
within the scope of the current draft EIR,

Proposed
Project and
Alternatives

4 Section 24

1.2 Proposed Piaject

2.2.1.2 Surface Water Projects

The Proposed Project policies and
recommendations, including WR
P1WR R1, WR R2, WRR3WR R4,
WR RS, WR R6, WR R7, and ER P1,
encourage development of local
water supplies and recuced
reflance on the Delta, which could
require construction of: Surface

Antioch has been proposing regional approaches to DWR
and the DSC to ensure western Delta water quality and

supply.

We would ask that DSC support implementation of slich an

appraach.
W - L0224-1

b

Response to comment L0224-19

This is a comment on the project, not on the EIR.
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EIR Section | Subsection Page |Line | Text Comment / Suggested Language
number | number
water intake and diversions from
steamsandrvers | g
Section24: | 2118 Delta Comeyance—Bay | 24-24 | 16:27 | Completion of the BOCP planning | Antioch agrees that BDCP will have impacts, and is |
Proposed | Dektz Consenvation Plan process and implementation of | particularly concerned by the significant increases in salinity
Project and the projects now under that model results indicate will accur as a result of BDCP
Alternatives consideration n that process implementation.
would have impacts on the Defta
and would offect the BOCP as propased will impact the western Delta by feducing
Coequal goals. Delta outflow, causing increased salinity, reduced intDelta
water quality, reduced water supply reliability, and lm
economic impacts related to the boating and fishing ftistay?
that is dependent upon a freshwater Delta.
Why is mitigation for these impacts not discussed in Lhe EIR?
Suggest including language describing the potential for such
impacts.
See also comments for Section 23-BDCP.
#Section 24: | 2.2.2 Deta Ecosystem Al Al Thereisnodiscussionof(hepotemialphysicalimpT
Proposed | Restoration related to changes in surface water hydrology or water
Project and quality, such as increased salinity, that may occur s p result
Alternatives of these projects.
As we have stated above, BOCP effects analyses indidaten 224
that ecosystem restoration projects will increase Wem
Delta salinity.
Impacts to Western Delta water hydrology and quali
should be acknowledged in the Delta Plan EIR. T
4 Section24: | 2.2.2.4 Modification of Flow | 2439 [ 27-40 The EIR uses the terminology, “natural flow” and a mpre
Proposed | Objectives and Flow Criteria "natural flow regime” in the Delta, Historical data indicate
Projectand | inthe Detaand Dekia tha the Detahas been a tidaly infuenced freshwater .
Ahternatives | Watershed ‘

Delta, with freshwater extending to or beyond Crockett,

|

Response to comment L0224-20

Please refer to the response to comment L0224-4.

Response to comment L0224-21

Please refer to response to comments 1L.0O224-4 and LO224-7. The EIR
does not include implementation of BDCP in the alternatives. Please see
Master Response 1.

Response to comment L0224-22

Please refer to Master Response 5.



6 Response to comment L0224-23

Please refer to the response to comment LO224-6 and to Master
Response 5.

EIRSection | Subsection Page |line |Text Comment { Suggested Language
number | number

until massive agricultural irigation diversions were |nitiated

upstream of Antioch at the turn of the century; subsequent Resp onse tO comment L0224-24

diversions and exports have continued to alte the fatural Comment noted. Please refer to response to comment LO224-6.
flow regime in the Delta. (See Thomas Means, April 1928,
Salt Water Problem, on salinty increases in the Westem Delta)

Antioch and COWD have provided historical documents that
measured water quality norms and the considerab ol i
changes that resulted from increased diversions upstream.
Other changes, including channelization and the CVP and
SWP, moved conditions In the Delta still farther away from
the historic baseline.

Antioch requests that any discussion of *natural flo
reflect true natural flow regimes, 1., flows that occyrred
within the Delta prior to about 1918,

Further, Antioch suggests that EIR should acknowledge that
the exports of water by the SWP and CVP are a majar
stressor to the “natural flow regime” and hence to the water

quality of the Delta.

Section 26 | 223 Water Cualty mprvement | 24-40- . Seecommeutslorthapter3,beloﬁ;régan;gi-r'li'w&e's n
Proposed | 2231 Guerviewofmroved. [ 41 Delta salinity, increased salinity during summer, incarrect
Project and | Drinkig Woternd Envionment! Delta “natural conditions” and potential violation of Deliaz-2
Alternatives | Woter Qualty Reform Act,

Programs
Sctond | 330-MaorSouresol |33 | 1531 | MajorSoutcesof nfommaton | We have atached the folwing documents a fact3l
Water Information historical record, so that DSC will incorporate the data in
Resources these studies into the EIR and referenced in sources pf

information for appropriate chapters of the EIR:
¢ Attachment 1: CCWD's Historic Salinity Stud
¢ _ Attachment 2: SWRCB Flow criteria hearing

_ |
| l

L0224-24




degrade water quality

degradation omits salinity effects

s noted throughout these comments, modelresulfSfrom |
the BDCP prefiminary propasal show substantial incréases in

7

EIR Section | Subsection Page [line |Text Comment / Suggested Language

nurmber | number
testimony by Susan Paulsen, Flow Science fgr the
City of Antioch
o Attachment 3: Thomas Means, Apri 1928, Sait022¢-2
Water Problem, on salinity increasasin the Wstern
Delta
o Attachment 4: City of Antioch comments on Fifth
Draft Delta Plan
o Atachment 5: Excerpt from BDCP £ffects Analysis,
Appendix C, Section €.7.1.3, Safinity, 12/14/p011
33,32 Surface Water M0 |00 The statement that the artificially Thlsstaterﬁent\‘smis-leéainéand inaccurate, Infatt]the
Quality modified nature of Delta channels | historic Delta (prior to channel modification) was fa _ereos:I’E(?Ir_2
and islands *hold saline bay than the Delta today. See references detailed in these
waters farther downstream” fomments,

e 3110|2198 | "Areturnto more natural s detailed throughout these comments, the “naturd]
seasonally variable salinity condition” was actually far fresher than today’s condition,
patterns would likely benefit the | and is the “natural condition” to which native species were
native fish.." historically adapted. Analyses of the prospects for récavay-2

of native species would be deficient if they did not include
an accurate depiction and analysis of the true histor
condition,

= 3.4.2 - Thresholds of 377|146 | [first bulle] Vilate anywater | Should add “includingin-delta water qualiy.”

Significance quality standards, Loy
34.3.1 Reliable Water w8 Ocean desalination projects -Suggeslrewritingtu"ateanand{orhrackishwater
Supply desalination projects”, as desalination of water in
western Delta may be considered as mitigation for e 102243
increase in salnity that wil result from implementation of
the BDCP preliminary proposal,
K 3430 ubstantialy {379 |AL | Discussion of water quality

4

Response to comment L0224-25

The sentence referred to in this comment is stating that the salinity
gradient is located further downstream into the western Delta, and
therefore, the western Delta is characterized by freshwater more frequently
than in historic conditions prior to construction of levees and communities
in the Delta.

Response to comment L0224-26

Please refer to response to comment LO224-25.

Response to comment L0224-27

The referenced threshold of significance in table ES-1 was incorrectly
reported. The table has been amended to read: “The level of significance
after mitigation on page ES-10 has been amended to remain significant.
The Proposed Project assumes the encouragement of local and regional
water supplies, including water use efficiency, water recycling,
desalination, and groundwater conjunctive use programs to meet water
demands projected in existing general plans and in response to increased
salinity in the Delta due to implementation of reliable water supply, Delta
ecosystem restoration, improved water quality, and flood risk reduction
actions.”

Response to comment L0224-28

Please refer to response to comment L0224-13.

Response to comment L0224-29

Please refer to response to comment LO224-7. The EIR analysis
acknowledges that significant adverse water quality impacts would occur.
However, the Fifth Staff Draft of the Delta Plan, the Revised Project, and
Alternatives 1A, 2, and 3 assume that communities would be encouraged
to implement water treatment and local and regional water supplies as part
of the actions under these alternatives.
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EIR Section | Subsection Page |line | Text Comment / Suggested Language
number | number Fhozey
in the western Defta salinity in the western Delta and at the City of Antiogh's
drinking water intake. These should be explicitly
acknowledged within this section as resulting from TProject
Operations."
34.3 - Reliable Water |13 (AL This section should include: regional interconnect
Supply projects as Antioch discussed with the DSC; re-negatiation
of existing water quality and substitute water agreements
between DWR and Detta Water Users to provide ensute -3
future water supply reliabilty based on the Delta Plgn and
the BOCP: and construction of brackish water desalipation
facilities in the western Delta,
383to | 383 | Discussion of benefits of “natural | As discussed abaove, it appears that the proposed project will
384 | (line 41) | flow regime” to native species | resultin salinity conditions in the western Delta that are
through significantly higher than occur currently; current salinity
LX) levels are, in turn, significantly higher than the “natyral”
(15) salinity conditions that existed in the early 1900s an

before. Thus, and as discussed throughout these
comments, the proposed project will significantly ingrease
salinity in the western Delta with respect to the “natural
conditions." Thus, the praposed project will not restore

region.

Antioch i also concerned about the policy of appareptly
shifting the historic freshwater delta further to the egst (e .
away from Suisun Bay) and the potential impacts on fish and
wildlife. These impacts are not adequately discussed in the
£IR and there is nc mitigation proposed. The Water
Resources White Paper, Dec. 8, 2010, concluded tha
changes to the historic delta did have adverse impacts to

these

Response to comment LO224-30

The Delta Plan does not anticipate changes to the existing agreement
between the State and the City of Antioch for operations of the State
Water Project. Please refer to responses to comments L.0O224-7.
Response to comment L0224-31

Please refer to responses to comments LO224-7 and Master Response 5.
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EIR Section | Subsection Page |line |Text Comment / Suggested Language
number | number |
freshwater and salinity within the Delta,
34311 -Project Impacts | 3783 Increased salinity in the western Ihis;eafﬁﬁilalesthatwarerquaﬁtyinthewester Delta
9 Delta in the summer months, | wil degrade (i, salinity will increase) as aresult of the

however, could cause adverse
impacts to water users of Delta
water. ..., the potential impacts
are significant, [pg, 3-84, lines 8-
19).

exception of late summer perlods during droughts.

Delta Plan, This section also provides that the impacts are
significant. However, there is na proposed mitigatign.
Further, this conclusion is contrary to the conclusion in
section 2A which finds the impacts to be less than
significant.

This section references a “more natural flow regime but
fails to define what this means. The undisputed evidence
provided to the DSC shows that summer salinity levels were
naturally and historically fresher than current salinity levels
in the western Defta. See for example, the Water
Resources White Paper, Dec. 8, 2010 and Delta Ecosystem

hearings. In addition, the SWRCB White Paper, Dec.(3, 2010,
concluded that these changes to the histaric delta did have
adverse impacts to freshwater and salinity within the Delta.

Antioch has taken water from the Delta since the late 18505,
including during the summer and in dry years, confirming
that water in the western Delta has historically beenfresher
than itis currently, anﬂ than it will be under the progosed
project. The Cities of Benicia and Pittsburg likewise yere
able to divert fresh water during the late 1800, with the

To date, none of the documentation provided by Antioch

Response to comment L0224-32

Please refer to the response to comment L. 0224-27 and Master
Response 5. In response to this comment, please see text changes in
Section 5 of the FEIR.
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EIR Section

Subsection

Page
number

Line
number

Text

Comment  Suggested Language

=

regarding the historic salinity conditions in the weste
Delta has been rebutted,

Notably, Chapter 4 of the EIR goes into great detail s to the
major changes to Delta inflow and outflow as well
thanges to habitat and channel configuration. And ye
section 3 finds that despite such major changes to the Delta
Ecosystem and upstream inflow that the Delta was
somehow historically more saline during the summer than
present conditions,

Tothe extentiti the Delta Plans objective o incregse
salinity in the western Delta, what mitigation measures are

not achieve either of these goals. Therefore, some
mitigation must be proposed.

As the Council is aware, Antioch presently has a substitute
water agreement with the Dept. of Water Resourceq. That
Agreement could be modfied to further mitigate t
impacts of salinity on Antioch's water supply from
export projects. The DSC and its EIR preparers shoulll meet
with Antioch and the Dept, of Water Resources to drgft
conditions for the agreement that would protect Antjoch's
water supply from the proposed increased salinity infthe
Western Delta and could be incorporated as mitigatipn

Measures.

8

30

“The Proposed Project encourages

As stated throughout these comments, the Proposed Project

= L0224-

3

Response to comment LO224-33

Please refer to responses to comments LO224-7 and Master Response 5.
As described in Section 2A of the EIR, the Delta Plan and many of the
alternatives assume that due to implementation of Proposed Project
policies and recommendations (such as WR P1 and ER P1), water users in
the Delta and in areas outside of the Delta that use Delta water would be
encouraged to implement water use efficiency and conservation programs,
recycled water programs, local water storage, and ocean desalination to
reduce reliance on the Delta.
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avariety of actions toimprove
local and regional water
reliahility while reducing the use
of Delta water... Suchwater
supply reliahility projects would
provide a benefit to water supply
availability to water users that use
Delta water."

| mitigation measures.

ity of
02243

will recuce the availability of drinking water at the
Antioch's intake by increasing the salinity levels of ¢
western Delta, This impact should be disclosed as
significant impact to the City of Antioch's water supply. If
the actions discussed in lines 6-8 {recycled wastewater,
stormwater, desalination, etc.) are expected to redyce
impacts on the City of Antioch's water supply, these should
be included either as formal project components orjas

¥ Section
Biclogical
Resources

4.3,2 Delta and Suisun
Marsh

43

Al

Al

43235 [Figures 4.1 and
42

419

3440

Figures41and 4.2

| Section eferences F\guresd landd2 asshowmg )
freshwater tidal marsh. The figures do not denea}
2

the Delta Plan EIR to conclude (st 3.4.3.1.1] thatt
western Delta was historically more saline than present
conditions during the summer, especially during the early
summer,

The City of Antioch requests that the “natural flow” m?
salinity conditions be clearly disclosed and discussed.

Section 4.3.2.1.10 {Other Water Quality lssues| should add a
discussion of salinity in the western Delta, acknowleplging
that salinity is currently higher in this region of the Delta

Cansidering the overview of the historic changes t

delta ecosystem such as reduced flows, changed ch nneI
geometry and loss of wetlands, it i llogical and incrrect for
than for the “natura! flow condition.”

between brackish and freshwater tidal marsh, Itis
important for Antioch to understand what the Delta Plan
contends is brackish tidal marsh presently and historically in
order to assess potential impacts.

[ 4 Section 22

Cumulative
Impact

22 entire section

A

Al

Al

The cumulative impact analysisisincomplete, as it laks the
following:

1, Antioch has commented in the Fith Draftthat [™***

6

Response to comment LO224-34

Please refer to responses to comments LO224-7 and LO224-25 and to
Master Response 5.

Response to comment L0224-35

The level of detail discussed in this comment exceeds that appropriate for
the programmatic analysis provided in the EIR. As described in Section
2B of the EIR and in Master Response 2, the Delta Stewardship Council
does not propose or contemplate directly authorizing any physical
activities, including but not limited to construction or operation of
infrastructure. Rather, through the Delta Plan, the Delta Stewardship
Council seeks to influence the actions, activities, and/or projects of other
agencies, the details of which would be under the jurisdiction and
authority of the agencies that will propose them in the future and conduct
future environmental review. Accordingly, this EIR makes a good faith
effort to disclose the potentially significant environmental effects of the
types of projects that may be encouraged by the Delta Plan and to identify
program-level mitigation measures, but it does not provide project-specific
or necessarily location-specific details in the absence of information about
specific projects that may be proposed in the future.

Response to comment LO224-36

As described in the Final Draft Delta Plan, the Delta Stewardship Council
will be implementing an adaptive management program to develop,
implement, and update the Delta Plan and to determine the best available
science used in support of the Delta Plan actions. The projects described in
other reports for Three Mile Slough, Georgiana Slough, and relocation of
the compliance point for the agreement between the State and North Delta
Water Agency are not defined to an adequate detail to be included in the
cumulative impact analysis in Section 22 of the EIR. Several of these
concepts are being evaluated in the BDCP, a cumulative project discussed
in Sections 22 and 23 of the EIR.
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| Assessment

4 Section 23
Bay Delta
Conservatio
1 Plan

Cumulative impacts to the Delta system as 2 whole are
not discussed i the plan: “There is no discussion of
creating an oversight or regulatory agency to mpnitor
overal health of the Delta system. For example, who
will track the combined impacts of the BOCP, Three Mile
Slough and OId and Middle River gates projectsion the
Delta s 3 whole?” (see Attacrment 4, Antioch Fifth,,
Draft Comments)

2. This section fails to list or consider the following projects
or changes, which could impact Western Delta
hydrology and water quality:

1} the Three Mile Slough Project proposed|by the
Dept. of Water Resources; or

2) the proposed Georgiana Slough non-ph
barier project;

3) the move of the compliance point from
Emmaton to Three-Mile Slough in all praject
alternatives of the BOCP. j

sical

B
Initiation of the BOCP

17

pEYL

“Provide a comprehensive means
to coordinate and standardize
mitigation and compensation
requirements for covered
activities within the planning
area”

The City is encouraged that the DSC believes that thi BOCP
preliminary proposal will provide a means to coordinate and
standardize mitigation and compensation requiremants.

However, as indicated throughout these comments,|the City
finds no evidence in this EIR or in the draft BDCP daduments
reviewed to date that mitigation s being contemplated or
planned to compensate for the increases in salinity in the
western Delta that will occur as a result of the prop e
project()

o
&

various mitigation options, and that various alternat
should be included in the EIR aither as formal compy
of the proposed project or as mitigation measures.

The City requests that explicit mention be made OH}E

nents

Response to comment L0224-37

Please refer to the response to comment L0224-4.
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4 Section 23:
Bay Delta
Consenvatio
n Plan

bil]

Cumdative Impacts of
Ieplementaton of
Bocp

By
B3

74
13

"Physical improvements
associated with BDCP-related
aperation of ecasystem
restoration and enhancement,
reduction of other stressars, and
Delta conveyance, in addition to
the Delta Plan, could change
water quality in some portions of
the Delta by increasing the extent
and duration of time for fresh
water or saline water. For
example, expansion of tidal marsh
areas in the western Delta or
Suisun Marsh could expand areas
with brackish or saline water in
those areas, Another exarmple
would involve increased Delta
outflow in accordance with Fall X2
provisions would extend the
period of time that fresh water
conditions would occur in the
wester Delta during fall months.
Changes in Through-Delta
conveyance lso could change
water quality in the central and
south Delta if barriers were used
long the San Joaquin River to
convey most of the San Joaguin
River flows through Od River
instead of the existing San Joaguin
River channel, *

There is no mention of the impacts to Western Delth water
quality caused by increased exparts, nor does it mention
the impacts from the move of the Western Delta
compliance point from Emmaton to Three-Mife slough.
Both would increase safinity per BDCP Effects Analysis
Technical Appendix C, Section C.7 (Attachment 5: Excerpt
from BDCP Effects Analysis, Appendix C, Section C7]1.3,

saliity, 12/14/2011)

102248

+ Section 23:

M!Ila

Bb
Cumulative Impacts of

1%
236

4
14

“Physical improvements
associated with BOCP-related

Antioch has a ferry project in the planning process.
this project be a covered action, and will BDCP imp

:Ttould
1052430

Response to comment LO224-38

Please refer to the response to comment L0224-4.

Response to comment L0224-39

Please refer to the response to comment L0224-4.
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Conservatio | Implementeton of ecosystem restoration and plan? Loz
nPlan 80P enhancement, reduction of ather

stressors, and Delta conveyance,
inaddition to the Delta Plan,
could conflict with adopted plans
and policies for navigation, ports,
waterways, and ferries.”
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Foreword - Establishing the Historical Baseline

The watershed of the Sacramento-San Joaquin Delta (Delta) provides drinking water to
more than 23 million Californians as well as irrigation water for millions of acres of
agriculture in the Central Valley. The Delta itself is a complex estuarine ecosystem, with
populations of many native species now in serious decline, The Delta estuary as we know it
began to form about 6,000 years ago, following the end of the last ice age. Because the
estuary is connected to the Pacific Ocean through San Francisco Bay, seawater intrusion
causes the salinity of Suisun Bay and the Delta to vary depending on hydrological
conditions. This seawater intrusion into the Delta affects estuarine species as well as
drinking water and irrigation water supplies.

Successful restoration of the Delta ecosystem requires an understanding of the conditions
under which native species evolved. Contra Costa Water District’s report on “Historical
Fresh Water and Salinity Conditions in the Western Sacramento-San Joaquin Delta and
Suisun Bay™ presents a detailed review of more than 100 years of studies, monitoring data,
scientific reports, and modeling analyses that establish an historical record of the salinity
conditions in the Western Delta and Suisun Bay.
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Executive Summary

The historical record and published studies consistently show the Delta is now managed at a
salinity level much higher than would have occurred under natural conditions, Human
activities, including channelization of the Delta, elimination of tidal marsh, and water
diversions, have resulted in increased salinity levels in the Delta during the past 150 years.

Eighty years ago, Thomas H. Means wrote (“Saft Water Probleni, San Francisco Bay and
Delta of Sacramento and San Joaguin Rivers,” April 1928, pp 9-10):

“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 predominately of
salt water types around San Pablo Bay and of fresh water types around
Suisun Bay....

The definite statement that 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 a few days at a time, is warranted....

At present [1928] salt water reaches Antioch every year, in two-thirds of
the years running further [sic] upstream. It is to be expected that it will
continue to do so in the future, even in the years of greatest runoff. In
other words, the penetration of salt water has become a permanent
phenomenon in the lower river region.

The cause of this change in salt water condition is due almost entirely to
the works of man.”

In 1928, Thomas Means had limited data over a short historical period from which to draw
these conclusions. Nonetheless, his conclusions remain accurate and have been confirmed by
numerous subsequent studies, including paleosalinity records that reveal salinity conditions

in the western Delta as far back as 2,500 years ago. The paleosalinity studies indicate that
the last 100 years are among the most saline of periods in the past 2,500 years.
Paleoclimatology and paleosalinity studies indicate that the prior 1,500 years (going back to
about 4,000 years ago) were even wetter and less saline in San Francisco Bay and the Delta.
The recent increase in salinity began after the Delta freshwater marshes had been drained,
after the Delta was channelized and after large-scale upstream diversions of water, largely for
agricultural purposes, had significantly reduced flows from the tributaries into the Delta. It
has continued, even after the construction of reservoirs that have been used in part to manage
salinity intrusion.
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Increased Salinity Intrusion into the Delta

Studies and salinity measurements confirm that despite salinity management efforts, Delta
salinity is now at or above the highest salinity levels found in the past 2,500 to 4,000 years.
Under equivalent hydrological conditions, the boundary between salt and fresh water is now
310 15 miles farther into the Delta than it would have been without the increased diversions
of fresh water that have taken place in the past 150 years.

Reservoir operations artificially manage salinity intrusion to conditions that are saltier than
had been experienced prior to the early 1900's. While these managed conditions are
certainly fresher than would occur in today’s altered system if operated without any salinity
management, they are still saltier than what the Delta experienced under similar hydrological
conditions in the past. While the Delta is being managed to a somewhat acceptable saline
condition to meet many beneficial uses, it is still managed at a more saline condition than
would have occurred prior to the anthropogenic changes of the past 150 years.

For example, the 1928-1934 drought was one of the driest periods in the past 1,000 years
(Meko et al., 2001a), and occurred after tidal marshes within the Delta had been reclaimed
and water diversions began removing substantial amounts of fresh water from the Bay-Delta
system. Nonetheless, the Delta freshened during the winter in those drought years. This
winter freshening of the Delta has not oceurred during recent droughts. While salinity
intrusion into the Delta was previously only seen in the driest years, significant salinity
intrusion now occurs in nearly every year — exceptions are only found in the wettest
conditions.

Changed Variation in Salinity

The variability of fresh and saline conditions in the Delia has considerably changed because
of upstream and in-Delta water diversions and water exports (Enright and Culberson, 2009).
This change in variability results largely from the lack of fresh conditions in Suisun Bay and
the western Delta, especially in the winter and spring. Restoring a variable salinity regime
that more closely approximates conditions prior to the early 1900’s would require much
higher flows and much fresher conditions than current management practices provide, with
larger outflows in the fall in most years and much larger outflows in the late winter and
spring in all years.

Key Conclusions

The major conclusions of this study are:

1. Salinity intrusion during the last 100 years has been among the highest levels over the
past 2,500 years. The Delta has been predominantly a freshwater tidal marsh for the last
2,500 years.

2. Human activities during the last 150 years, including channelization of the Delta,
elimination of tidal marsh, construction of deep ship channels, and diversion of water,
have resulted in the increased salinity levels in the Delta.
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3. Conditions in the Delta during the early 1900°s were much fresher than current - n/ a-
conditions for hydrologically similar periods. Salinity typically intrudes 3 to 15 miles
farther into the Delta today.

4. The historical record and published studies uniformly demonstrate and conclude the
Delta is now managed at a salinity level that is much higher than would have occurred
under pre-1900 conditions. Operation of new reservoirs and water diversion facilities for
salinity management reduces salinity intrusion somewhat, but the levels still exceed pre-
1900 salinities.

5. Seasonal and inter-annual variation in salinity has also been changed; however, this
change is largely the result of reduced freshwater flows into the Delta. Atany given
location in the western Delta and Suisun Bay, the percentage of time during the year
when fresh water is present has been greatly reduced or, in some cases, largely
eliminated.

Background

Flows and water quality in the Sacramento-San Joaquin Delta (Delta) are strongly influenced
by freshwater inflow from the rivers, by the tides in San Francisco Bay and by salinity from
Bay waters. Prior to human influence, the historical distribution of salinity in the Delta was
controlled primarily by the seasonal and inter-annual distribution of precipitation, the
geomorphology of the Bay and Delta, daily tides, the spring-neap' tidal cycle, and the mean
sea level at Golden Gate. Extended wet and dry periods are both evident in the historical
record. Since about 1860, a number of morphological changes to the Delta landscape and
operational changes of reservoirs and water diversions have affected flows and the
distribution of salinity within the Delta.

Between 1860 and 1920, there was significant modification of the Delta by humans:
(i)  marsh land was reclaimed,

(ii) hydraulic mining caused extensive deposition and then erosion of sediment, and,
(iii) Delta channels were widened, interconnected and deepened.

Large-scale reservoir construction began in about 1920 and continued through the 19707,
changing the timing and magnitude of flows to the Delta. Large volumes of water began to
be diverted for agricultural use upstream of and within the Delta in the same time period. In
more recent times, California’s Delta water resources have been extensively managed to
meet the water supply needs of the State’s municipal, industrial, and agricultural water users,
with attempts made to also provide flow and water quality conditions to meet fishery needs.

Proposals for significant additional alteration of the Delta and of flows within the Delta are
currently being developed as part of the Bay-Delta Conservation Plan pmcessz. To

L During a spring tide, the gravitational forces from the sun and moon are largely the same direction and
the high-low tidal range is greatest. During a neap tide, the gravitational forces sun and moon are largely
not aligned and the tidal range is the lowest. The spring-neap tidal cycle, from strong spring tides through
weak neap tides and back to spring tides, in San Francisco Bay has a period of about 14 days.

2 www.baydeltaconservationplan.com
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understand the effect of those proposals, it is important to accurately establish historical - n/ a-
conditions. For example, for ecological restoration to be successful, it is necessary to

establish and understand the conditions to which native species have previously adapted and

survived in order to predict their response to future changes in climate or water management.

This report uses available data and modeling to examine the consequences of structural

changes in the Delta (channelization, channel dredging), increased diversions of water

upstream of the Delta, reservoir operations, climate and sea level effects, and other factors on

Delta salinity.

Objective

The objective of this report is to answer two major questions regarding the historical extent

of fresh water and salinity in the western Delta and Suisun Bay:

I.  What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900s) and prior to
structural changes in the Delta (i.e., prior to the 1860°s)?

II.  What are the effects of large-scale water management practices (reservoir operations and
diversions) on salinity conditions in the western Delta and Suisun Bay?

Approach

Available data were used to characterize historical and present-day fresh water extent and
salinity intrusion into the Delta. The data examined in this report include palechistorical
records (over geologic time scales) of river flow and salinity (Section 2), instrumental
observations of hydrology and salinity (Section 3), and literature reports on the extent of
fresh water in the Delta (Section 4). Additional details and supplemental information are
presented in the Appendices to this report.
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Figure E-1 — Observed salinity at Collinsville, 1965-2005 .
Figure E-2 — Salinity variations in the San Joaquin River at Antioch, water year 2000 E
Figure E-3 — Seasonal Distribution of low-tide salinity at Antioch, 1983-2002 .....ccciiiiininns )

Acronyms

C&n California and Hawaiian Sugar Refining Corporation
CCWD Contra Costa Water District

CDEC California Data Exchange Center

Cl Chloride concentration

CVP Central Valley Project

DPW Department of Public Works

DSM2 Delta Simulation Model 2

DWR California Department of Water Resources
DWSC Deep water ship channel

EC Electrical conductivity

ENSO El Nifio/Southern Oscillation

ESA Endangered Species Act

IEP Interagency Ecological Program
Mél Municipal and Indutrial

NDO Net Delta Quiflow

PDO Pacific Decadal Oscillation

PPIC Public Policy Institute of California
SWRCB State Water Resource Control Board
SRI Sacramento River Index

STORET Storage and Retrieval

SWP State Water Project

TBI The Bay Institute

TDS Total Dissolved Solids

Units

AF Acre-feet

MATF Million acre-feet

TAF Thousand acre-ft

uS/em MicroSiemens per centimeter, a measure of EC
cfs Cubic feet per second

mg/L Milligrams per liter

ppm Parts per million

ppt Parts per thousand
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Introduction

1.1. Background

The Sacramento-San Joaquin River Delta (Delta) is fed by fresh water from the Sacramento
River and the San Joaquin River basins (Figure 1-1). The Delta is connected to the San
Francisco Bay through Suisun and San Pablo Bays, and the movement of water back and
forth between the Delta and the Bay results in mixing between saline water from the Pacific
Ocean and fresh water from the rivers flowing into the Delta. The extent to which salty
ocean water intrudes into the Delta is a function of natural processes such as ocean tides and
precipitation and runoff from the upstream watersheds. It has also been greatly influenced by
anthropogenic activities (e.g. construction of artificial river channels, removal of tidal marsh,
removal of floodplain connections to channels, deepening of channels for navigation
purposes, reservoir storage and release operations, and water diversions).

Proposals for significant additional alteration of Delta channels and marshland, of flows
within the Delta, and of reoperation of upstream reservoirs are currently being developed as
part of the Bay-Delta Conservation Plan, which builds upon earlier work by the Delta Vision
Blue Ribbon Task Force’, and others (e.g., see Lund er al., 2007). To understand the context
and effect of those proposals, it is important to accurately understand the historical conditions
previously experienced by Delta species.

An analysis of the salinity trends and variability in northern San Francisco Bay since the
1920’s and the factors controlling those salinity trends has recently been published (Enright
and Culberson, 2009), with a focus on a comparison of pre-1968 salinity and flows with post-
1968 conditions. This report includes analysis and review of reports, data and information
from the period prior to Enright and Culberson’s analysis, and includes the review of salinity
trends using palechistorical data.

Historically, reproduction of most species in the Bay-Delta (biotic production phase)
oceurred during the high-flow periods (winter and spring) and biotic reduction occurred in
the low-flow periods (summer and fall) (Baxter et al., 2008). Multi-year wet periods most
likely resulted in population increases, whereas drought periods likely resulted in reduced
reproduction and increased predation. The recent report on Pelagic Organism Decline (POD,
Baxter et al., 2008) indicated that reduced flow variability under the current water
management conditions may have exacerbated the effects of predation on the population
abundance of pelagic fish species in the Bay-Delta estuary. Native species of the Bay-Delta
system adapted to the historical salinity conditions that occurred prior to large-scale water
management practices and physical changes in the Delta. The historical salinity conditions in
the Delta provide insight into the response of fish species to proposed ecosystem restoration
actions, and the response of species to future changes in climate or water management.

* Delta Vision Blue Ribbon Task Force was appointed by Califomia Governor Arnold Schwarzenegger in February

2007 and adopted the Delta Vision Strategic Plan in October 2008,
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Figure 1-1 - Map
(@) Topographical map of California, with outlines of the Sacramento River, San Joaquin River, and
Tulare Lake basins; purple rectangle indicates the extent of the inset in panel (b). (b) Sacramento —
San Joaquin Delra and Suisun Bay region; green rectangle indicates the extent of the Western Delia
and Suisun Bay enlarged in panel (). (c) Exient of salinity evaluaions considered within this snedy,
including names of I referenced throughowt this report.
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The salinity concentrations in San Francisco Bay and the Delta are the result of tides that - n/ a-
move seawater into the system and are controlled in large part by the amount of fresh water

passing through the system (Denton, 1993; Uncles and Peterson, 1996; Knowles et al., 1998),

The salinity distribution is driven by the motion of the tides, which convey ocean water into

the system on the flood tide and draw a mixture of ocean and river water back out again on

the ebb tide. These tides act on natural diurnal (repeating twice per day) and spring-neap

(repeating every 14 days) cycles driven by the gravitational forces of the sun and moon

(Oltmann and Simpson, 1997; Burau ef al., 1999).

Other factors affecting Bay-Delta salinity (discussed in Appendix A) may be smaller but are
not insignificant. When comparing historical salinity conditions in the Bay-Delta watershed,
it is often helpful to compare periods with similar hydrological conditions so that the changes
due to other factors can be discerned. This will reveal if there is an anomalous change in
salinity, even if the specific cause of that change in salinity is not known.

Major anthropogenic modifications 1o the Delta that affect salinity intrusion began with the
European settlement of the region and can be classified into two categories: physical
modifications of the landscape (e.g., removal of tidal marsh, separation of natural floodplains
from valley rivers, construction of permanent artificial river channels, and land-use changes)
and water management activities (e.g. diversion of water for direct agriculture, municipal, or
industrial use, and reservoir storage and release operations).

As shown in Figure 1-2, tidal marsh acreage in the Delta decreased significantly from nearly
346,000 acres in the 1870°s to less than 25,000 acres in the 1920"s and has since continued 1o
decrease. Even after hydraulic mining for gold was banned in California in 1884, large
quantities of mining debris continued to be carried by runoff into the Delta, where it was
deposited as sediment, filling channels in the Delta and Suisun Bay. Between 1887 and
1920, Suisun Bay became an erosional environment and continued to lose sediment through
1990. Enright and Culberson (2009) discuss the effects of the changes in Suisun Bay
bathymetry on salinity intrusion. Major dredging projects on the main Delta channels to
create the Stockton and Sacramento Deep Water Ship Channels (DWSC) have also changed
how flows and, therefore, salinity are distributed throughout the Delta.

Each of these factors has changed the salinity regime: loss of tidal marsh lands has allowed
increased tidal energy deeper into the Delta, increasing tidal flows and salinity dispersion
(Enright and Culberson, 2009), net erosion and increasing depth within Suisun Bay likely
increased dispersive transport of salt up the estuary (Enright and Culberson, 2009), and
deeper channels allow increased salinity intrusion due to increased baroclinic circulation and
increased tidal flow and dispersion..

However, these physical modifications generally have had less effect on salinity intrusion in
the Delta than the major water management activities that have resulted in large-scale
diversion of water for reservoir storage and agricultural, domestic, and industrial water use
(Nichols er al, 1986; Knowles, 2002), As will be seen in data presented in this document,
early diversions before large-scale storage projects resulted in greatly increased salinity
intrusion, especially in the summer irrigation season, peaking in September. Later, reservoir
operations reduced salinity intrusion in the summer and fall, but increased it in the winter and
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spring, up until the mid-1980"s. Subsequent water operations have resulted in increased -n / a-
salinity intrusion year round.
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Figure 1-2 = Chronology of anthropogenic modifications to the Bay-Delta landscape
Bay-Delia landseape has undergone significamt changes since the mid-1800"s. Tidal marsh acreage
(top panel) has been significantly reduced (data from Arwater, et al., 1979). Suisun Bay received a
pulse of sediment from hydraulic mining in the late 18005 {middle panel), but lost sediment from 1887
to 1990 (data from Cappiella et al., 1999). Numerous efforts to widen and deepen the main channels
within the Delta have oceurved throughout the 207 Centery {bottom panel).

The largest reservoir of the federal Central Valley Project (CVP), Lake Shasta, was
completed in 1945, and the largest reservoir of the State Water Project (SWP), Lake Oroville,
was completed in 1968. Total upstream reservoir storage capacity increased from 1| MAF in
1920 to more than 30 MAF by 1979, The CVP began exporting water from the southern
Delta through Jones Pumping Plant (formerly known as the Tracy Pumping Plant) in 1951,
and the SWP began exports through Banks Pumping Plant in 1968, By 1990, the combined
export of water from the southern Delta through the Banks and Jones Pumping Plants was
about 6 MAF per year.

Figure 1-3 shows that the greatest increase in upstream reservoir storage occurred from the
1920°s through the 1960’s. Prior to the construction of major water management reservoirs,
irrigated acreage grew to about 4 MAF. The construction of the reservoirs allowed irrigated
acreage to increase to about 9 MAF. Since 1951, when the first south Delta export facility
was completed, annual diversions from the Delta have increased to a maximum of about 8
MAF; total annual diversions from the system are estimated at up to 15 MAF.
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Figure 1-3 — Chronology of anthropogenic activities that affect water management
Reservoirs (top panel) and irrigated crops in the Central Valley (second panel) alter the wiming and
magnitude of water flow to reach the Delia. Diversions and exports within the Delra (third panel)
Surther reduce the amount of water 1o flow through the Delta 1o Suisun Bay. Regulaions (bottom
panel) require modifications (o water management activities o meet specific flow and water quality
objectives.

Figure 1-3 also presents the timeline for recent regulatory milestones that have affected Delta
water quality. Salinity 1 gement was dominated by water quality standards to protect
Delta agriculture and municipal and industrial (M&T) uses in the 1978 Water Quality Control
Plan and State Water Resources Control Board (SWRCB) Decision 1485. The Bay-Delia
Accord of 1994 and subsequent SWRCB Water Rights Decision 1641 made fishery
protection the dominant factor for salinity management with new estuarine habitat or X2
Standards™ from February through June, with minimum outflows for the remainder of the

4 X2 is the distance, in kilometers from the Golden Gate, to the location of the 2 part per thousand salinity line. A
larger X2 means salinity has intruded farther into the Delta.
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year. The relationship between X2 and estuarine habitat is discussed in detail in Jassby er al.
(1995).

These regulations apply throughout the year and have modified how the large-scale water
management reservoirs and export facilities are operated. For instance, delta smelt was listed
as a threatened species under the federal Endangered Species Act in 1993, and Sacramento
River winter-run salmon was listed as endangered in 1994, The subsequent biological
opinions, 1994 Bay-Delta Accord, and the adoption of a new water quality control plan by
the State Water Resources Control Board in 1995, required increased reservoir releases in
some months for temperature control in the Sacramento River below Shasta and for salinity
control in Suisun Bay. They also applied additional limits on pumping at the export facilities
in the south Delta.

Changes in water diversions and reservoir operations have altered the magnitude and timing
of river flows to the Delta, and anthropogenic modifications to the Delta landscape have
altered the interaction of fresh water from the rivers with salt water from the ocean, thus
changing patterns of salinity intrusion into the Delta.

1.2. Comparing Historical Conditions

Flow and salinity conditions prior to human interference varied according to seasonal and
annual hydrological conditions, short-term and long-term drought cycles and other natural
changes, so “natural” conditions include variability that must be considered in any analysis.
Hydroclimatic variability is described by “unimpaired™ runoff, which represents the natural
water production of a river basin, unaltered by water diversions, reservoir storage and
operation, and export of water to or import of water from other basins.

As discussed above, large-scale water management operations during the last 100 years
superimposed on the anthropogenic modifications to the Delta landscape have significantly
changed Delta conditions. It is possible to remove the effect that water management
operations have had on flows and generate a corresponding set of unimpaired flows.
However, it is not possible, without complex assumptions and modeling, to also remove the
additional effect of the land use, channel and tidal marsh modifications to the Delta.

The historical conditions presented in this report have been determined from records in
paleoclimatic fossils and measured directly with various scientific instruments. The
paleoclimatic data start well before human influence, but continue through the 20" Century
when anthropogenic modifications became significant.

Because of the natural hydroclimatic variability, no past historical period may fully represent
“natural” conditions. Therefore, this report summarizes the available historical salinity
information with reference to the time period of the observations, and then compares each
period to the salinity regime during present day periods with similar upstream unimpaired
hydrology. Where there are significant changes in salinity, despite similar upstream
unimpaired hydrology, other factors such as landscape modifications and water management
operations must be contributing factors.
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1.3. Objective -n / a-

The objective of this report is to answer two major questions regarding the historical extent
of fresh water and salinity in the western Delta and Suisun Bay:

I. What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900°s) and prior to
structural changes in the Delta (i.e., prior to the 1860%5)?

II. What are the effects of large-scale water management practices (reservoir operations
and diversions) on salinity conditions in the western Delta and Suisun Bay?

1.4. Report Structure
The remainder of this report is organized as follows:
Section 2: Paleoclimatic Evidence of the Last 10,000 Years

Estimated river flow data and salinity records for the past several thousand years have been
obtained from paleoclimatic records, such as tree rings and sediment cores. These records
capture the hydroclimatic variations over decadal and centennial time scales and are useful
tools in understanding the freshwater flow and salinity regimes before modern
instrumentation.

Section 3: Instrumental Observations of the Last 140 Years

Long-term precipitation and river runoff records from the 18707s to the present provide
context for the salinity observations. Climatic variability of precipitation and runoff in the
upper walershed has a significant influence on salinity intrusion, with greater salinity during
dry periods and lower salinity during wet periods. If, for example, the salinity is greater or
less than what would be expected based on the natural climatic variability, as measured by
unimpaired runoff, other factors must be influencing salinity intrusion.

Reservoir operations, diversions and consumptive use (collectively termed “water
management”} alter the amount of runoff from the upper watershed that actually flows out of
the Delta. Observations and common computer models are used to assess the effects of this
water management on Net Delta Outflow (the net quantity of water flowing from the Delta to
the Suisun Bay) and on salinity in the western Delta and Suisun Bay, Observations include
measurements of salinity indicators by the California & Hawaiian Sugar Refining
Corporation (C&H) from the early 1900°s and long-term monitoring data from the
Interagency Ecological Program (IEP). Modeling tools include the DAYFLOW program
from IEP, the DSM2 model from the California Department of Water Resources, the x2*

* X1 is defined as the distance from the Golden Gate to the 2 part-per-thousand isohaline (equivalent to a salinity of
2 grams of salt per kilogram of water), measured along the axis of the San Franciseo Estuary. X2 is often used as
an indicator of freshwater availability and fish habitat conditions in the Delta (Jasshy et al,, 1995; Monismith,
1998).
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equation (Kimmerer and Monismith, 1992) and Contra Costa Water District’s salinity
outflow model (also referred to as the G-model) (Denton, 1993; Denton and Sullivan, 1993).

Section 4: Qualitative Observations of Historical Freshwater Flow and Salinity
Conditions

Qualitative observations on salinity conditions in the western Delta and Suisun Bay from an
early water rights lawsuit and from various literature reports are discussed to provide a
perspective of the salinity conditions prevailing in the late 1800°s and early 1900’s. The
1920 lawsuit filed by the Town of Antioch against upstream irrigation districts alleged that
the upstream water diversions were causing increased salinity intrusion at Antioch (Town of
Antioch v. Williams Irrigation District, 1922). Briefings and testimony from the legal
proceedings are indicative of the salinity conditions prevailing in the early 19007s, as are
literature reports of conditions in the western Delta and Suisun Bay. These reports contain
both qualitative observations and anecdotal information regarding historical salinity
conditions. Because the proceedings were adversarial in nature, this report focuses on the
testimony of the upstream interests, who were trying to demonstrate the extent of salinity
intrusion in the Delta prior to their diverting water. Note that the Supreme Court did not base
its final decision on the evidence of whether or not Antioch had continuous access to fresh
water. The Court’s decision was based on the State policy to irrigate as much land as
possible for agriculture; the Court did not pass judgment on the accuracy of the testimony of
either side.

Section 5: Conclusions

This section synthesizes the findings from Sections 2 through 4 and presents the overall
conclusions regarding trends in the historical Delta salinity.
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- n a -
2. Paleoclimatic Evidence of the Last 10,000 Years /

Paleoclimatic evidence from the watershed of San Francisco Bay (Bay) and Sacramento-San
Joaquin Delta (Delta), obtained from proxy information such as tree rings and sediment
deposits, provides a history of conditions before modern direct instrumental observations.
Evidence of major regional climatic events that represent long-term wet period and drought
cyeles will be discussed, followed by discussions of Delta watershed runoff and Delta
salinity, as measured by flow and electrical conductivity instrumentation,

2.1. Major Regional Climatic Events

The modern Bay-Delta is relatively young in terms of geologic timescales. The estuary
started forming around 8,000 to 10,000 years ago (Atwater ef al. 1979), when rapid sea level
rise allowed the ocean to enter the Golden Gate. At this time, there was no Bay or Delta, but
simply river valleys. Rapid sea level rise continued, such that approximately 6.000 years
ago, the outline of San Francisco Bay, including San Pablo Bay and Suisun Bay, resembled
the modern extent. At about the same time, sea level rise slowed to a more moderate pace,
allowing tidal marshes to begin to form.

Malamud-Roam et al. (2007) review paleoclimate studies in the Bay-Delta watershed,
summarizing evidence of climate variability through the development of the present day Bay-
Delta system (Table 2-1).

Table 2-1 = Climate during the evolution of the Bay-Delta estuary
Cverview of precipitation, lemperature, and sea level conditions during the last 10000 vears based on
duta from Malamud-Roam et al. (2007) and Meko et al, (2001). Time periods are given in terms of
number of vears ago (represented as age, a; or ka for 1,000 year ago) and the Commion Era (BCE/CE)
calendar system. The shading indicates relatively dry periods.

Approximate . g .
Time Period Prevailing Climate and Geomorphology
10 ka to 8 ka = Rapid sea level rise

8000 BCE to 6000 BCE = Ocean enters Golden Gate
= San Francisco Bay is justa river valley
= (Cooler than 20th Century, but becoming warmer and

drier
fkato5ka = Sea level rise slows to more moderate pace
4000 BCE to 3000 BCE = OQOutline of San Francisco Bay resembles modern
extent

= Tidal marsh begins to form in the Delta

=  Temperature reaches a maximum of the last 10,000
years

= Relatively dry conditions

= (entral Valley floodplain system began to develop
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Approximate ot - " . - n/a -
Time Period Prevailing Climate and Geomorphology
4kato2ka * Cooling trend with increased precipitation

2000 BCEto 1 CE »  Large flood occurred ~ 3,600 years ago (1600 BCE)

2kato 0.6ka = Trend to more arid, dry conditions
1 CE to 1400 CE = Severe droughts:
= 1,100 to 850 years ago (900 CE to 1150 CE)
= R00 to 650 years ago (1200 CE to 1350 CE)
Relatively cool and wet conditions
Numerous episodes of extreme flooding
Includes “Little Ice Age” (1400 CE to 1700 CE)
90 ato 50 a Dry period in the Sacramento River Basin,
1910 CE 10 1950 CE = Longest dry period in the last 420 years
(34 years centered on the 1930’s)
= Driest 20-year period in the last 370 years
(1917 CE to 1936 CE)

06kato0.2ka
1400 CE to 1800 CE

A number of scientific studies have used paleo-reconstruction techniques to obtain long-term
{decadal, centennial and millennial time scale) records of river flow (e.g.. Earle, 1993; Meko
et al., 2001) and salinity of the Bay and Delta (e.g., Ingram and DePaolo, 1993; Wells and
Goman, 1995; Ingram et al., 1996; May, 199%; Byrne et al., 2001; Goman and Wells, 2000;
Starratt, 2001; Malamud-Roam and Ingram, 2004; Malamud-Roam er ai., 2006; Malamud-
Roam et al., 2007; and Goman et al., 2008). The reconstructions described in the following
sections focus on the 2,000 years before present. As indicated in Table 2-1, this period was
relatively dry with two extreme regional droughts, followed by relatively cool and wet
conditions during the “Little Ice Age.” then by a return of dry conditions at the early part of
the 20" Century.

2.2. Reconstructed Unimpaired Sacramento River Flow

Meko et al. (2001a,b) used tree-ring chronologies in statistical regression models to
reconstruct time series of annual unimpaired Sacramento River flow" for approximately the
past 1,100 years (for the period 869 CE — 1977 CE). As discussed in Section 1.2, unimpaired
flow is an estimate of the flow that would occur in the basin without the effects of water
management activities.

The 1,100-year record shows strong variability between individual water years (Figure 2-1),
with annual flow ranging from approximately 8% of average to 265% of average, where
average is defined here for practical purposes as the average observed unimpaired flow from

5 Meko er al. (2001a) used the annual unimpaired flow record for the Sacramento River provided by the Department
of Water Resources, which is the sum of the following: flow of the Sacramento River at Bend Bridge, inflow of
the Feather River to Lake Oroville, flow of the Yuba River at Smartville, and the flow of the American River to
Folsom Lake. This definition is consistent with the definition typically used in hydro-climatic studies of this
region (¢.g., hitp://cdec.water.ca.govicei-progs/iodit/ WSTHIST )

10 February 12, 2010



1906 to 2009 of 18 million acre-feet per year (MAF/yr). The reconstructed record shows
alternating periods of wet and dry conditions and is consistent with historical droughts (such
as the drought in the Mono Lake region of California in the medieval period, around 1150
CE) reported by other paleoclimate studies (Malamud-Roam et al., 2006).

As indicated by the shading in Figure 2-1, the driest long-term drought in the Sacramento
River basin in the last 1,100 years oceurred from approximately 1130 CE to 1415 CE when
the 50-year average flow was seldom above normal for nearly 300 years. Following this
drought, conditions were relatively wet (from approximately 1550 CE to 1900 CE). The
timing of these droughts and wet periods will be compared to paleosalinity records in the

following section.
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Figure 2-1 — Reconstructed annual unimpaired Sacramento River flow 869 CE to 2009 CE

Annual reconsiructed unimpaired Sacramenio River flow (grey line) as a percentage of the average
annual observed runoff from 1906 1o 2009 shows swrong variability benween vears. The 50-vear
running average { thick black line) illu there were ded periods of ab: 1 and below-
normal runoff conditions. The orange shading highlights an ded dry period in the reconsiructed
unimpaired Sacramento River data when the 50-year average flow is seldom above normal for nearly
300 vears. Data for 869 CE 10 1905 CE were reconsiructed by Meko et al. (2001b); data for 1906 CE
to 2009 CE are observed records from the California DWR (2009},
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Meko et al. (2001a) indicated that for their 1,100-year reconstructed period, the 1630-1977
data are more reliable than the earlier time period, because of better availability of tree-ring
information and superior regression model statistics. Figure 2-2 shows the reconstructed
time series of annual unimpaired Sacramento River flow from 1630 to 1977 from Meko et al.
(2001b). The inset in Figure 2-2 shows there is a good match between the reconstructed
flows (grey line) and the observed annual flows (red line) during the period of overlap
between the reconstructed and observed records (from 1906 to 1977).

Multi-decadal periods of alternating wet and dry conditions are pervasive throughout the
reconstructed record. The wet conditions of the late 1800°s and early 19007s, which were
followed by severe dry conditions in the 1920°s and 1930’5, are consistent both with
observed precipitation and estimated Sacramento River runoff for these time periods (see
Section 3) and with literature reports of historical conditions (see Section 4).
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Figure 2-2 — Reconstructed annual unimpaired Sacramento River flow from 1630-1977. - n/ a-
Annual reconstructed unimpaired Sacramenio River flow (grey line in main panel and inser) for the
1630 1o 1977 time period was identified by Meke et al. (2001a) as the most accnrate period of
reconstruction. Inset panel illusirates the comparison between observed (red) and reconstructed (grey)
unimpaired flows during the overlap period. The mean of the reconstructed unimpaired flow for 1630-
1977 is 17.7 MAFAvr (dashed horizontal line in main panel). The S-vear centered running average
(thick solid blue line in main panel) illustrares the decadal trends.

Meko et al. (2001a) identified the severe drought periods in the reconstructed Sacramento
River flow record (1630-1977) by computing the lowest n-year moving average. For
instance, to determine the most severe 6-year drought, Meko et al. calculated the moving
average using a 6-year window for the entire data set and then identified the lowest 6-year
average. Meko ef al. found that the period from the early 192("s to late 1930's experienced
the lowest 6-year, 10-year, 20-year, and 50-year averages (or droughts), both in the
reconstructed and observed records. The observed droughts in Table 2-2 have been updated
through present (1906-2009) using the same analysis; this update did not change the drought
time periods identified by Meko et al. The reconstructed record of unimpaired Sacramento
River flow shows the period from early 19207s to late 1930°s experienced some of the worst
drought conditions since 1630, Additional data are presented in Appendix B.

Table 2-2 - Periods of drought from the reconstructed and observed records of

unimpaired Sacramento River flow
Severe drought periods in the reconstructed Sacramento River flow record (1630-1977) were
determined by Meko et al. (2001a) by computing the lowest n-year moving average of the
reconstructed annual wnimpaired Sacramente River flow. The same method was used to determine the
niost severe droughts of the observed record ( 1906-2000)

Period of lowest #-Year moving average Sacramento River flow
1-Year 3-Year 6-Year 10-Year 20-Year 50-Year
Reconstruction 1775 to 1929 1o 1924 to 1917 to 1912 to
(1630-1977) 1924 1778 1934 1933 1936 1961
Observations 1990 to 1929 to 1924 to 1918 to 1917 to
(1906-2009) 1977 1992 1934 1933 1937 1966
Conclusions

Reconstruction of unimpaired Sacramento River flow indicates:

*  Annual precipitation is highly variable. Even during long dry periods, individual years
can be very wet.

¢ The Sacramento River basin experienced a multi-century dry period from about 1100
C.E. to 1400 C.E.

o The drought period in the 1920°s and 1930°s represents some of the worst drought
conditions in the last 400 years.
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2.3. Reconstructed Salinity in the Bay-Delta Estuary
Tree Ring Data

The interaction between saline ocean water from the Pacific Ocean and fresh water from the
rivers flowing into the Delta determines the ambient salinity conditions in the Delta and the
Bay. Estimates of historical precipitation derived from tree ring data can therefore be used to
estimate the corresponding salinity conditions in the Delta.

Stahle et al. (2001) used tree ring chronologies from blue oak trees located in the drainage
basin to San Francisco Bay to reconstruct salinity at the mouth of San Francisco Bay.
Recognizing that a number of factors influence salinity other than precipitation (estimated
from tree rings), the authors chose a time period prior to substantial water development when
the salinity data were fairly constant in mean and variance. During the calibration period
(1922-1952), annual tree ring growth correlates well with average salinity near the Golden
Gate Bridge (r*=0.81). Using this transfer function, Stahle er afl. (2001) reconstructed annual
average January to July salinity for all years 1604 to 1997,
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Figure 2-3 — Reconstructed salinity near the mouth of San Francisco Bay compares well
with reconstructed unimpaired Sacramento River flow in the upper watershed
For each year from 1630 to 1952, the annual wnimpaived Sacramento River flow (from Meko et al.,
2001 b} is plotied against the annual average salinity at Fort Point (from Stahle et al., 2000 ).

As shown in Figure 2-3, the salinity reconstruction by Stahle ez al. (2001) compares well

with the unimpaired flow reconstruction by Meko et al. (2001b). The data follow the
expected inverse exponential relationship between flow and salinity. Over the period from
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1630 to 1952, reconstructed salinity increases as reconstructed unimpaired Sacramento River - n/ a-
flow decreases. The agreement is strongest in dry years. The increased scatter in wet years
may reflect the limitations in the tree ring methods.

Stahle et al. (2001) identified an increasing divergence of observed salinity relative to
predicted (reconstructed) salinity after 1952 (Figure 2-4) and suggested that the majority of
differences are due to increased water diversions. During the calibration period (1922-1952),
the observed salinity is typically within +/- 5% of the reconstructed salinity. However, from
1953-1994, the data show an increasing trend for observed salinity to be greater than
predicted, exceeding reconstructed salinity by over 15% in 1978, 1979, 1991, and 1993,
Since 1969, observed salinity has exceeded reconstructed salinity in all years except the
extremely wet years of 1982 and 1983,
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Figure 2-4 - Percent change in observed salinity relative to predicted (reconstructed)
salinity for the period 1922 to 1994

The reconstructed salinity record by Stahle er al. (2001 ) overlaps with the observed salinity record
Sfrom 1922 to 1994, During this pericd, the percent change of observed salinity relative to predicted
salinity is determined as (ebserved salinity — reconstructed salinity) divided by reconstrucied salinity,
with positive values indicaning when observed salinity exceeded the veconstructed salinity prediction.
The calibration period is indicated with black squares, with the period outside the calibration window
indicated by red circles. The straight red line is the linear trend in the post-calibration period,
indicating observed salinity is increasingly diverging from predicted {reconstructed) salinity.

These data suggest that since the 1950's, water management operations have increased
salinity, with an escalating effect over the period of record. In addition, it is worth noting
that significant anthropogenic modifications to the landscape and water usage had already
oceurred prior to the 1922-1953 calibration period (see Figure 1-2 and Figure 1-3). Although
this study is unable to evaluate the effect of anthropogenic modifications prior to 1953, the
following section examines salinity prior to human interference at multiple sites in the Bay-
Delta.

Tree ring reconstructions such as Meko er al. (2001a) and Stahle et al. (2001) have the

advantage of providing high temporal resolution (i.e. annual) over approximately the last
1,000 years. However, a possible disadvantage of this method is the age of trees, limiting
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high accuracy estimates to approximately the last 400 years. A second possible disadvantage
of using tree ring reconstructions for paleosalinity is the remote location of the trees relative
to the estuary. Paleosalinity estimates from tree rings in the upper basin necessarily assume
that the precipitation patterns archived in the tree rings are representative of the quantity of
water that reaches the estuary. However, as observed by Stahle ef al., anthropogenic water
management affects the amount of water that flows through the estuary.

Sediment Core and Fossil Data

Because of uncertainties in estimates of precipitation and salinity derived from tree ring data,
other paleosalinity methods that rely on local fossils to determine local salinity have also
been explored. Organic deposits accumulated in the sediments contain signatures of the
ambient conditions that can be used to infer the variations in salinity over geologic time
scales. Although reconstructions from sediment cores have a coarser temporal resolution than
tree rings, the variations in climate and landscape responses to change are better defined
geographically because the evidence of localized climate change is preserved as a time series
in situ, at the site of interest.

The San Francisco Bay-Delta has been the focus of several paleoclimatic reconstructions
from sediment cores. Changes in wetland plant and algae communities are the dominant
response in the Bay and Delta to climate change and associated fluctuations in temperature
and precipitation. Proxies of plant and algae response to environmental conditions are
preserved in the sediment cores and determined by:
» quantification and taxonomic identification of
(i) diatom frustules (Byrne et al., 2001; Starrait, 2001; Starratt, 2004),
(i)  plant seeds and roots (Goman et al., 2008),
(iii}  plant pollen (May, 1999: Byme ef al., 2001; Malamud-Roam and Ingram,
2004), and,
e measurement of peat carbon isotope ratios (Byrne ef al., 2001: Malamud-Roam and
Ingram, 2004).

Results from plant pollen identification for three sites in the western Delta and Suisun Bay
and Marsh are summarized below in Figure 2-5. The data indicate that Browns Island tidal
marsh, near the confluence of the Sacramento and San Joaquin Rivers in the western Delta
(Figure 2-5) was predominately a freshwater system for 2,500 years, even during century-
long droughts. This condition prevailed until the early 1900"s. The shading in Figure 2-5
corresponds to the nearly 300-year dry period identified in the reconstructions of annual
unimpaired Sacramento River flow (Figure 2-1). Although salinity intrusion occurred during
this period in Suisun Bay at Roe Island, and during earlier long drought periods, salinity did
not affect the western Delta to the same degree. This suggests a change in spatial salinity
gradient characteristics, and is possibly due to the effect on salinity intrusion of the vast tidal
marshes that existed in the Delta until the early 20th Century.
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Figure 2-5 — Paleosalinity evidence derived from pollen data
Saliniry variability over the last 2,500 years ar Rush Ranch in Suisun Marsh (left panel), Roe Istand in
Suisun Bay (center panel), and Browns Istand in the Western Delia (right panel). Data are
reproduced from Maland-Roam and Ingram (2004). Orange shading across each panel corresponds
te the nearly 300-year dry period identified in the annual unimpaired Sacramenio River flow
reconstruction {see Section 2.2) Locations of each of the sediment cores ave illustrated in the map on
the right.

Malamud-Roam et al. (2006) attributed the differences between sites to a combination of
methodological issues (such as sampling frequency and core chronology) and site-specific
ecological differences (such as site elevation, location relative to channel and sedimentation
rates over time). However, all of the paleosalinity reconstructions based on pollen, diatoms
and carbon isotopes are in general agreement and suggest that salinity increased abrupily
about 100 years ago, reaching or exceeding salinity levels at any other time in the 2,500 years
of reconstructed records.

This increase in salinity may correspond to the reduction in unimpaired Sacramento River
flow evidenced in the tree ring reconstructions by Meko er al. (2001a), which determined that
the 1920°s and 1930’s experienced the worst droughts in the last 400 years. However, the
droughts in the 1920’s and 1930°s do not appear to be as severe as the droughts between

1100 CE to 1400 CE (600 to 900 years ago), as categorized by unimpaired Sacramento River
flow. Yet salinity in Suisun Bay and the western Delta appears to meet or exceed the level of
the medieval droughts, indicating factors besides natural precipitation and runoff patterns
have affected salinity in the last 100 years.
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Conclusions -n / a-

Reconstructions of salinity in the Bay and Delta indicate:

Precipitation in the drainage basin for San Francisco Bay (as recorded in tree rings) is
a good indicator of salinity near the mouth of the Bay for the period 1922-1953;
however, since 1953, increased water diversions have increased observed salinity
above the level predicted from precipitation estimates.

The Delta was a predominately freshwater system for 2,500 years, until the early
19007s, even during century-long droughts.

The multi-century dry period identified in unimpaired Sacramento River flow
reconstruction is evident in Suisun Bay sediments but not in Delta sediments,
indicating that salinity did not intrude as far into the Delta during past droughts as it
has during the last 100 years.

The evidence from most sites suggests that current salinity levels are as saline as, or
more saline than, previous historical conditions.

February 12, 2010



3.

No comments

Instrumental Observations of the Last 140 Years -n/a-

Field measurements of rain and snow have far greater accuracy and resolution than the
paleoclimate records of precipitation; similarly, field measurements of salinity have far
greater accuracy and resolution than the paleosalinity records from sediment cores. These
instrumental observations will be used to analyze in more detail the salinity increase
identified in the paleoclimate records approximately 100 years ago and determine if the
increase in salinity has persisted.

The first sub-section presents observations of precipitation and unimpaired runoff in the
upper basin, indicating the natural climatic variability and amount of fresh water available
within the Bay-Delta watershed. The second sub-section examines Net Delta Qutflow
(NDQO), which is the amount of water flowing through the Delta into Suisun Bay, directly
affecting the level of salinity intrusion into the Delta. NDO is analyzed under both
unimpaired (without water diversions and reservoir storage and releases) and historical
(actual) conditions; comparison between unimpaired and actual conditions reveals the effect
of water management practices. The third sub-section presents field measurements and
model-based estimates of salinity at various locations within the Delta and Suisun Bay.

3.1. Precipitation and Unimpaired Flow in the Upper Basin

Precipitation in the Bay-Delta watershed indicates the amount of water available within the
system, which could ultimately reach the Bay and affect salinity conditions. However, since
precipitation falls as both rain and snow, the timing of runoff to the river channels is ofien
lagged a few months due to snow melt conditions. For this reason, estimates of unimpaired
flow {runoff) are generally used to characterize hydrological variability. Unimpaired runoff
represents the natural water production of a river basin, unaltered by water diversions,
reservoir storage and operation, and export of water to or import of water from other basins.

Figure 3-1 illustrates the total annual precipitation at Quincy? in the northeastern Sierra, the
total annual unimpaired Sacramento River flow® and total unimpaired San Joaquin River
flow”. Figure 3-2 shows the locations of the eight precipitation stations in northern
California used to compute the Sacramento eight-station precipitation index (left panel) and
the measurement locations of eight flow gages used to calculate the Sacramento and San
Joaquin unimpaired flow data (right panel). Additional information on the annual unimpaired
flows is provided in Appendix C.

As discussed in Section 2.2, the total annual unimpaired Sacramento River flow exhibits
strong variability between years, both in the reconstructed and observed data. Figure 3-1

’ Precipitation data are from Menne er al. (2009)
8 “Unimpaired Sacramento River flow” is defined as the sum of the *full natural flows™ from the Sacramento River

at Bend Bridge, Feather River inflow to Lake Oroville, Yuba River at Smartville, and the American River inflow
to Folsom Lake. (http://cdec.water.ca.gov/cgi-progs/iodit WSIHIST)

? “Unimpaired San Joaquin River flow” is defined as the sum of the full natural flows from the Stanislaus River

inflow to New Melones Lake, Tuolumne River inflow to New Don Pedro Reservoir, Merced River inflow to
Lake McClure, and San Joaquin River inflow to Millerton Lake (http:/‘edec.water.ca.gov/cgi-
progs/indir WSIHIST)
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indicates that the trends revealed in the total annual unimpaired Sacramento River flow
(middle panel) are also evident in the total annual precipitation at Quincy (top panel) and the
total annual unimpaired San Joaquin River flow (bottom panel). Alternating periods of wet
and dry conditions are evident in both river basins. These data indicate there were wetter than
normal conditions in the late 1800's and carly 1900's, followed by severe dry conditions in
the 1920"s and 1930’s. These were then followed by generally wetter conditions until the
mid-1970’s.
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Figure 3-1 - Total annual precipitation and unimpaired flow in the
upper Sacramento and San Joaquin River basins (1872-2009)
Total annual precipitaiion ai Quincy in the northeastern Sierra (top panel), total annual unimpaired
Sacramento River flow (middle panel), and total annual unimpaired San Joaguin River flow (botiom
panel). Bar color on each panel indicates the regional location of the measurements, reflected in the
remaining figures of this secrion (Figure 3-2, Figure 3-3 | and Figure 3-4). Grey line within each
panel is the 10-year moving average for each paramerer.
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MSC - Mount Shasta City
SHA - Shasta Dam

® ———MHNR - Mineral
a . —QRD - Quiney
e BCM - Brush Creek

S — — SRR - Sierraviile RS

Flgllre 3-2 — Locations of Precipitation and Runoﬂ' Measurements
L of stations used in the derermination of the 8-stati irarion index for northern
California (left map), including the location of Quincy (QRD), an’d the unimpaired Sacramento River
flow (red stations, right map) and unimpaired San Joaquin River flow (orange siations, right map).

Knowles (2000) illustrated that the seasonal timing of runoff can significantly alter salinity
intrusion without any change to the total annual runoff. For this reason, it is critical to
examine the monthly variability in precipitation and unimpaired runoff. Monthly
precipitation and unimpaired flow values are available for a shorter time period (generally
1921 to present) than the total annual values (generally 1870°s to present).

The monthly distribution of the Sacramento eight-station precipitation index'” indicates that
most of the precipitation in northern California occurs during November through March
(Figure 3-3). The variability between years, represented by the vertical bars and *+" marks,
shows the distribution is positively skewed, i.e., excessively high precipitation occurs in
relatively few vears.

Figure 3-4 presents the monthly distribution of unimpaired flow for both the Sacramento and
San Joaquin River basins. River flow lags precipitation by about two months because of
storage of some precipitation in the form of snow and subsequent snowmelt in the spring.
Most of the unimpaired inflow to the Delta originates from the Sacramento Basin, although
the contributions from the two basins are approximately the same during the months of late-
spring and early-summer snow melt, when unimpaired runoff from the San Joaquin Basin
peaks.

** Data from 1921 through 2008, downloaded from hitp:/Vedec.water.ca gov/egi-progs/precip /SSTATIONHIST
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Figure 3-3 — Monthly Distribution of Precipitation in the Sacramento River Basin
Distriburion of monthly precipiation for water years 1921 through 2008, Monihly averages are
indicated by the blue line with black circles. Monthly median is given by the blue squares, while the
interquartile range is indicated by the vertical blue line for each month and the vertical grey line
extends 1o the 10" and 90 percentiles. Maximum and minimun values ave indicated by '+ marks,
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Figure 3-4 — Monthly distribution of unimpaired flow in the
Sacramento and San Joaquin River basins
Distribuion of monthly unimpaired flows for water years 1921 through 2008, Monthly averages are
indicated by the lines with black circles. Monthly median is given by the squares, while the
interquariile range is indicated by the vertical line for each month and the vertical grey line extends 1o
the 10th and 90t percentiles, Maxi and mini values are indicated by *+° marks.
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Conclusions -n / a-

The long-term observations of precipitation and unimpaired flow indicate:

s Relatively wet conditions occurred in the late 188()'s to about 1917 in both the
Sacramento and San Joaquin River watersheds prior to large-scale water management
operations.

»  Unusually dry conditions occurred from about 1918 through the late 1930°s; these
persistent dry conditions are not representative of the average conditions over the last
130 years.

» Precipitation in Sacramento River watershed peaks between December and March: the
unimpaired river flow lags by about 1 to 2 months because of snow melt.
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3.2. Net Delta Outflow

The quantity of water flowing from the Delta into Suisun Bay, defined as Net Delta Outflow
(NDO), is the primary factor in determining salinity intrusion in Suisun Bay and the western
Delta, Unimpaired NDO is calculated using unimpaired flow in the Sacramento and San
Joaquin Rivers (Section 3.1) as well as contributions from other minor tributaries. "
Unimpaired NDO is the hypothetical Delta outflow that would occur in the absence of any
upstream diversion or storage, but with the existing Delta channel and upstream channel
configuration.

Because the outflow from the Delta at the wide and deep entrance to Suisun Bay cannot be
measured accurately, the parameter of historical (actual) NDO is estimated from a daily mass
balance of the measured river inflows to the Delta, measurements of water diversions at
major pumping plants in the Delta, and estimates of net within-Delta consumptive use
(including Delta precipitation and evaporation).

The effect of anthropogenic water manag;ement on NDQO is illustrated below by comparing
monthly estimates of unimpaired NDO'? and historical (actual) NDO " (Figure 3-5). Since
unimpaired flow estimates also assume the existing Central Valley and Delta landscape
(reclaimed islands, no natural upstream flood storage, current channel configuration, ec.),
this comparison reveals the net effect of water management only. This analysis does not
address the change due to physical modification to the landscape or sea level rise.

For the period of joint record, when both unimpaired and historical NDO values are available
(water year 1930 through 2003}, historical NDO decreased even though unimpaired NDO
increased slightly. The long-term (74-year) linear trend in monthly unimpaired NDO (the
black dashed line in top panel of Figure 3-3) increased on average (.49 MAF/month; thus, by
2003, the average annual unimpaired NDO had increased 5.9 MAF/year since 1930. In
contrast, the long-term linear trend in monthly historical NDO (the black dashed line in
middle panel of Figure 3-5) decreased on average -0.29 MAF/month, totaling a decrease in
historical (actual) NDO of -3.5 MAF/year. This corresponds to a net increase in diversion of
9.4 MAF/year of water from the Delta upstream watershed relative to the 1930 level =

Increased diversion and export of water have decreased historical NDO (middle panel of
Figure 3-5), but this has been partially offset by a natural increase in unimpaired NDO (top
panel). The difference between historical and unimpaired NDO (bottom panel) is due to the
cumulative effects of upstream diversions, reservoir operations, in-Delta diversions, and

" Unimpaired NDO does not include water imported from the Trinity River system, which is outside the Delta
watershed.
Unimpaired NDO data was obtained from Ejeta (2009), which is an updated version of DWR (1987).

¥ Historical NDO data was obtained from the [EP's DAY FLOW program
(http://www.iep.ca.gov/day flow/index. htrl ).

* This is consistent with current estimates of approximately 15 MAF/vear total diversion from the system, which
includes the 4-5 MAF/vear diversions established prior to 1930 and approximately 1 MAF/vear additional water
supply imported from the Trinity River system,
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south-of-Delta exports. During most months, water management practices have historically

resulted in historical (actual) NDO that is less than unimpaired conditions, indicated by a
negative value for the quantity (historical NDO — unimpaired NDO).

Because the difference between monthly historical and unimpaired NDO has become more
negative over time, the periods of excess conditions (when historical NDO exceeds
unimpaired NDO) have become very infrequent. The only occurrences are now following
the wettest years, primarily due to releases from reservoirs in the fall to make room for
winter flood control storage.
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Figure 3-5 — Time series of Monthly Net Delta Outflow under unimpaired conditions and

historical (actual) conditions
The thin color line on each panel indicaies the monthly NDO, the thick celor line indicaies a running
S-year average of the monthly NDQ, and the dashed black line indicates the linear long-term trend.
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The monthly distribution (Figure 3-6) of unimpaired NDO and historical NDO for water
years 1930 1o 2003 reveals that for all months except September and October (when NDO is
low), average unimpaired NDO is greater than average monthly historical NDQ. The
tendency in the average historical NDO toward greater flow in September and October is
influenced strongly by the period prior to about 19735 when reservoir operations resulted in
more flow in those months (see Figure 3-7 and related discussion below). On average from
1930-2003, water management practices reduced Delta outflows in the months of November
through August (and in all months since about 1975, see Figure 3-7). The greatest reduction
in Delta outflow relative to unimpaired conditions occurs in the months of March through
June, when spring snow melt is captured in reservoirs and a portion of the river flow is
diverted for direct use.
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As also shown in Figure 3-6, water management practices also shift the peak flow periods to
earlier in the year. The unimpaired NDO hydrograph peaks in May when snow melt
contributes to high river flows, with at least 4.1 MAF in May in 50% of the years (averaging
4.2 MAF in May over all vears). The historical NDO peaks in February with at least 2.9
MAF/month in 50% of the years (averaging 3.7 MAF/month over all years). The variability
between years, represented by the vertical bars and *+" marks, indicates the distribution is
positively skewed, which means a relatively few years have excessively high flows.
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Figure 3-6 — Monthly distribution of Net Delta Outflow
Distriburion of monthly NDQ for waier vears 1930 through 2008, Monthly averages are indicated by
the lines with black civcles. Monthly median is given by the squares, while the interquanile range is
indicated by the vertical line for each monih and the vertical grey line extends 1o ithe 10th and 90t
perceniiles. Maximum and pinimum values are indicated by "+ " marks.

Figure 3-7 shows the long-term trends in the difference between historical (actual) monthly
NDO and unimpaired monthly NDO. Increased water usage and increased diversion of water
to storage has reduced historical NDO relative to unimpaired NDO in most months of the
year. In July (and August, not shown in Figure 3-7), the deficit is reduced, likely due to
reservoir releases which provide a portion of the water diverted by upstream users prior to
reservoir construction. The 1994 Bay-Delta Accord called for higher minimum Delta
outflows in July and August to protect Delta fish species, which should also serve to reduce
the deficit. However, historical (actual) NDO still remains less than unimpaired NDO.
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In September (and October, not shown in Figure 3-7), historical (actual) NDO exceeded /

unimpaired NDO from about 1945 to 1975, with an increasing trend in the percent change.
Since 1975, the percent change has shown a downward trend with a deficit (historical NDO
less than unimpaired NDO) during most years since 1975.
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Figure 3-7 - Long-term trends in monthly NDO
Percent change of NDO relative 1o unimpaired conditions. Circles indicate the percent change for

each month of the period of record. The red line indicates a moving 5-year average of the percent
change, while the black line indicates the long-term linear trend over the entire period of record.
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Conclusions -n / a-

Anthropogenic water management practices have altered NDO in the following ways:

Long-term data demonstrate that the difference between historical (actual) NDO and
unimpaired NDO is increasing over time, indicating that water management actions have
reduced Delta outflow significantly.

During most months, water management practices have reduced Delta outflow relative
to unimpaired conditions. From the mid-1940"s to the mid-19807s, reservoir operations
resulted in historical (actual) NDO slightly greater than unimpaired NDO slightly in a
number of months, largely in the fall. However, since 1985, reservoir operations have
resulted in increased NDO only in the wettest years, and NDO has declined in all other
months.

On average, water management practices have resulted in reduced Delta outflows in all
months except September and October. The greatest reduction in Delta outflow relative
to unimpaired conditions occurs in the months of March through June, when spring
snow melt is captured in reservoirs and some of the remaining river flows are diverted
for direct use.
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3.3. Salinity in the Western Delta and Suisun Bay

Observations and model-based estimates can be used to examine historical variations in
salinity in the western Delta and Suisun Bay. The observations examined in this section
include records from the early 1900’s from the California & Hawaiian Sugar Refining
Corporation in Crockett (C&H) and long-term monitoring data published online by the
Interagency Ecological Program (IEP). Estimates of salinity intrusion were obtained using
the Kimmerer-Monismith equation describing X2 (Kimmerer and Monismith, 1992).

Section 3.3.1 addresses the importance of consistency among salinity comparisons, The
spatial variability of a specific salinity level is examined in Section 3.3.2 and Section 3.3.3,
while the temporal variability of salinity at specific fixed locations is explored in Section
3.3.4 and Section 3.3.5.

3.3.1. Importance of Consistency among Salinity Comparisons

Water salinity in this report is specified either as electrical conductivity (EC)oras a
concentration of chloride in water. EC is a measure of the ability of an aqueous solution to
carry an electric current and is expressed in units of microSiemens per centimeter (p.S.‘cm)'S,
Chloride concentration is specified in units of milligrams of chloride per liter of water
(mg/L). Conversion between EC and chloride concentration can be accomplished using site-
specific empirical relationships such as those developed by Kamyar Guivetchi (DWR, 1986).

Previous studies have evaluated the level of salinity in the Bay and Delta, using a variety of
salinity units (e.g. EC, chloride concentration, or concentration of total dissolved solids in
walter) and various salinity parameters (e.g. annual maximum location 1,000 uS/cm EC,
monthly average location of 50 mg/L chloride, or daily average EC at a specific location).
Therefore, when comparing studies, it is critical 1o use consistent salinity units, parameters,
and timing, including the phase of tide and time of year. These concepts are discussed
further in Appendix D.

3.3.2. Distance to Fresh Water from Crockett

The California & Hawaiian Sugar Refining Corporation (C&I1) is located in Crockett, near
the western boundary of Suisun Bay (see Figure 3-8). C&H either obtained its freshwater
supply in Crockett, or, when fresh water was not available at Crockett, from barges that
traveled upstream on the Sacramento and San Joaquin Rivers. The barges generally travelled
upstream twice a day beginning in 1908 (DPW, 1931). C&H recorded both the distance
traveled by its barges to reach fresh water and the quality of the water they obtained. This
provides the most detailed quantitative salinity record available prior to the initiation of
salinity monitoring by the State of California in 1920, The distance traveled by the C&H
barges serves as a surrogate for the prevailing salinity conditions in the western Delta and

T3 The reported EC values are actually specific conductance, i.e., the electrical conductivity of the water solution at
a reference temperature of 25° centigrade, as is standard practice.
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Suisun Bay. Os')erntions by C&H required water with less than 50 mg/L. chloride - 1’1/ a-
concentration.”® Additional detail on C&H operations and the detailed barge travel data are
included in Appendix D.

Figure 3-8 — Map of Suisun Bay and Western Delta
with locations of continuous monitoring stations
C&H barges raveled up esiwary from Crocken (yellow siar). Locations of 1EP contintous moniioring
stanions are shown in red. Scale in miles is indicated in the upper left corner of the map.

¥ In comparison, the 50 mg/L concentration required for C&H operations is one-third the concentration of the
industrial water quality standard under current conditions in the Delta.
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Figure 3-9 — Distance to fresh water from Crockett
“Distance to fresh water” is defined as the distance in miles upstream of Crocken to water with less
than 50 mg/L chloride concentration. The horizontal line, ar approximately 18 miles, is the disiance
Sfrom Crockett to the Delta. The shading represents the spatial extent and duration of the presence of
Sfresh water within Suisun Bay, downsivean of the Delra.

Data notes: (1) During August and September 1918, average water quality obtained by C&H exceeded
I mglL ehforides; (2) Salisity during 1966 is likely an overestimate due 1o relatively sparse spatial
coverage of IEP monitering stations. During 1966, salinity at Emumaton (28 miles from Crocken)
exceeded 3,000 pSicm; the nearest station upsiream of Emmalon is near Courtland (38 miles fron
Crocken) and had a salinity of ~ 300 pSfem. Location of 350 pS/em isohaline based on data
interpolation between these two stations (which are 30 miles apart) is not likely to be representative of
the rrue locarion.

Figure 3-9 compares surface!’ salinity data from C&H with estimates derived from a
network of continuous surface salinity monitoring stations (Figure 3-8) within Suisun Bay
and the western Delta dating back to 1964. The monitoring data are published online by the
Interagency Ecological Program (IEP, see http://iep.water.ca.gov/dss). The location of the
350 uS/em EC isohaline, which approximately coincides with the C&IH criterion of 50 mg/L
chloride concentration, was estimated from the IEP measurements by linear interpolation
between the average daily values at IEP monitoring stations.

? . . ~
' Due to the method of collection, C&H water samples are assumed to be from near the water surface.
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As a cautionary note, depending on the source of information, the C&H barges are said 1o -n / a-
have traveled with the tide, indicating they either took water at high tide {(moving up river on

the flood and down on the ebb) or at low tide (traveling against the tide, but moving a

shorter distance). Thus, the C&H records either represent the daily maximum or daily

mininuen distance traveled. In contrast, the distances to fresh water caleuwlated from recent

monitoring data are based on the average daily values of EC measured at fived locations.

The difference between daily average distance and daily minimum or maxinumm is

approximately 2 1o 3 miles. However, since the difference between the data from the early

1900°s and the more vecent time periods exceed this 2 to 3 mile uncertainty, the conclusions

of this section remain unchanged regardless of the specific barge travel timing.

From 1908 through 1918, C&H was able to collect fresh water for a large portion of the year
within Suisun Bay, without having to travel all the way from Crockett to the Delta.
However, as can be seen in Figure 3-9, that would no longer be possible in many years (e.g.,
2001-2004).

Figure 3-10 shows the monthly distribution of distance traveled by C&H barges during water
years 1908 through 1917, and the equivalent distance from determined from observed data
for water years 1966 through 1975 (top panel) and water years 1995 through 2004 (bottom
panel). These two latter periods have similar hydrologic characteristics to the period of the
C&H data.” The monthly distribution for each dataset illustrates the seasonal fluctuations of
the salt field as well as the variability between years for each month.

During the early 1900°s, the median distance traveled by C&H barges to procure fresh water
was less than 8 miles in the spring (March-June) and about 25 miles (between Collinsville
and Emmaton) in the fall (September-October). In contrast, due to water management
conditions from 1995 to 2005, the equivalent distances would be 13 to 23 miles in the spring
and up to 30 miles in the fall. It is worth noting that from 1966 to 1977, the distance to fresh
water in the fall and early winter months (September through January) was generally less
than the equivalent distance in the early 1900’s, indicating that large-scale water
management operations circa 1970 tended to reduce salinity in the fall and early winter.
However, this trend has reversed in the more recent water management period (1995-2005),
with salinity intrusion significantly increased over levels in the early 1900"s during all
months.

Figure 3-10 also shows that the range of the average annual distance from Crockett to fresh
water from 1995 to 2005 was approximately 15 miles (from about 13 to 30 miles). while the
range during the early 1900°s was approximately 20 miles (from 6 to 25 miles). This
analysis indicates that large-scale water management activities limit the fluctuating nature of
the salt field by preventing fresh water from reaching as far downstream as it did in the early
1900°s.

Finally, Figure 3-10 indicates that salinity intrusion in the Delta occurred later in the year
(beginning in July) in the early 1900°s than under more recent time period conditions
(beginning in March).

¥ This similarity in hydrological characteristics between the periods was established by approximately matching
the distribution of annual Sacramento River flow during these periods (see Appendix E).
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These comparisons (and other relevant comparisons in Appendix D) show that, on average,
C&H barges would have had to travel up to 19 miles farther to procure fresh water under
recent large-scale water management conditions than in the early 1900°s. These comparisons
also indicate that fresh water was present for significantly longer time periods, and over a
larger arca of the western Delta, in the early 1900°s than during similar hydrological periods
under current water management conditions. Abrupt changes in salinity just prior to 1920
caused C&H 1o abandon the Sacramento and San Joaquin Rivers and switch to a water
supply contract with Marin County beginning in 1920 (Appendix D).

The distance to fresh water during individual wet years and during individual dry years is
presented in Appendix D). The data in Appendix D also show that salinity has been generally
higher in recent times than in the early 1900°s and that water management has restricted the
range in salinity experienced during a water year. The periods when fresh water is present at
given locations have been reduced, or, in some cases, eliminated.

Conclusions

The records of the distance traveled upstream from Crockett by C&H barges to procure fresh
water and estimates of this distance under large-scale water management conditions
(reservoir operations and water diversions) show that:

s Fresh water was present farther downstream and persisted for longer periods of time in
the western Delta in the early 1900’s than under recent time periods with similar
hydrologic conditions;

»  Water management practices result in greater salinity intrusion in the western Delta for
most months of the year; and,

s Salinity intrusion begins earlier in the year, extends farther upstream, and persists for a
longer period each year.
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3.3.3. X2 Variability

An often-used indicator of fresh water availability and fish habitat conditions in the Delta is a
metric called X2, X2 is defined as the distance from the Golden Gate to the 2 part-per-
thousand isohaline (equivalent to a salinity of 2 grams of salt per kilogram of water),
measured near the channel bed along the axis of the San Francisco Estuary. Higher values of
X2 indicate greater salinity intrusion. Monthly values of X2 are estimated in this report
using the monthly regression equation from Kimmerer and Monismith (1992):

Monthly X2(t) = 122.2 + 0.3278*X2(t-1) - 17.65*logjo(NDO(t))

The K-M equation expresses X2 (in units of kilometers) in terms of Net Delta Outflow
(NDO, see Section 3.2) during the current month and the X2 value from the previous month.
The monthly K-M equation was based on a statistical regression of X2 values (interpolated
from EC measurements at fixed locations) and estimates of NDO from IEP's DAYFLOW
computer program. Hence, the K-M equation is only valid for the existing Delta channel
configuration and existing sea level conditions.

The K-M equation can be used to transform unimpaired and historical NDO data into the
corresponding X2 values for unimpaired (without reservoir operations or water diversions)
and historical (with historical water nanagement) conditions, respectively.

The seasonal and annual variations of X2 are dependent on the corresponding variations of
NDO under both historical and unimpaired flow conditions (Figure 3-11). X2 under
historical flow conditions is shifted landward relative to unimpaired conditions by
approximately 5 km. During the 1930"s, historical NDO was often negative, sometimes
averaging approximately -3.000 cfs for several months. This was due to relatively low runoff
and significant upstream water diversions. Unfortunately, the K-M equation, which includes
the logarithm (base 10) of NDQ. is unable to account for negative values of NDQO. In the
case of historical flow conditions, this results in high variability of X2 in the 1930"s. The
values of X2 under historical flow conditions during 1930"s in Figure 3-11 are likely
underestimated.

Figure 3-12 compares X2 under unimpaired and historical conditions for the period from
1945-2003, following initiation of the Central Valley Project (i.e.. after the completion of the
Shasta Reservoir of the CVP). Figure 3-12 shows that, compared to unimpaired conditions,
X2 under historical conditions was higher by about 10 km during April-July and by about 5
km during the rest of the year.

Salinity intrusion under historical water management conditions is, therefore, greater (higher
X2) than the intrusion that would occur under unimpaired conditions. Moreover, the switch
from declining X2 values during fall and winter months to increasing X2 values (increasing
salinity intrusion) occurs in March under historical water management conditions and in June
under unimpaired conditions. Thus, recent waler management practices have resulted ina
saltier Delta with earlier occurrence of salinity intrusion in the year.
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Although current water management practices operate to provide salinity control, both the
extent and duration of salinity intrusion are greater under current water management
practices than under historical conditions. Likewise, current water management practices
have changed the overall annual range in salinity (i.e., the difference between the highest and
lowest salinity values during the year).

X2,

1
1940 1950 1970

(b) X2 based on historical NDO

Mo 1930 1010

Figure 3-11 — Location of X2 under unimpaired and historical conditions
X2 has a strong seasonal and decadal variability under both unimpaived (top panel) and historical
(middle panel) flow conditions reflecting the strong seasonal and decadal variability of NDO. The
difference berween historical and unimpaired conditions (bottom panel) illusirates the nei effect of
Wwater managenent activities.
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Figure 3-12 - Monthly distribution of X2 from 1945 through 2003

Figure 3-13 presents a comparison of unimpaired X2 and historical X2 during the 10 driest
and the 10 wettest vears of the CVP period (1945-2006)." During dry years (top panel), X2
is substantially greater under historical water management conditions than under unimpaired
conditions (i.e., without water management); these effects are less dramatic but still occur
during the wet years (bottom panel). Additionally, the annual range in salinity variability is
significantly reduced under dry conditions (from approximately 22 km with unimpaired
flows 10 14 km with historical flows), but not wet conditions. The result of water
management practices is a saltier Delta during both wet and dry years, with the greatest
amount of salinity intrusion and reduced seasonal variability occurring in dry years.

Conclusions

The analysis of X2 (a measure of salinity intrusion in the Delta) shows that:
*  Water management practices (reservoir operations and water diversions) result in a
saltier Delta, with earlier salinity intrusion in the year.

*  Water management practices result in a saltier Delta during both wet and dry years, but
the effect is more pronounced in the dry vears when the seasonal variability of salinity is
also significantly reduced.

" Determination of the ten wettest and driest years is based on the total annual unimpaired Net Delta Outflow. The
ten wettest years are 1952, 1956, 1958, 1969, 1974, 1982, 1983, 1986, 1995, and 1998, The ten driest yvears are
1947, 1976, 1977, 1987, 1988, 1990, 1991, 1992, 1994, and 2001,
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Figure 3-13 — Monthly X2 variability during wet and dry years (1945-2003)
Determination of the ten wettest and driest years is based on the rotal annual unimpaired Net Delta
Ouiflow. The ten wertest years are 1952, 1956, 1958, 1969, 1974, 1982, 1983, 1986, 1993, and 1998,
The ten driest vears ave 187, 1976, 1977, 1987, 1988, 1990, 1991, 1992, 1994, and 2001,
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3.3.4. Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San Joaquin Rivers, was one of the
first long-term sampling locations implemented by the State of California. The Suisun Marsh
Branch? of the DWR estimated monthly average salinity at Collinsville for the period 1920-
2002, using a combination of 4-day TDS (total dissolved solids) grab samples from 1920-
1971 and EC measurements from 1966-2002. Data from the overlap period of 5 years
between the TDS grab samples and EC measurements were used in a statistical regression
model, and the monthly averaged 4-day TDS samples were converted to monthly average EC
(Enright, 2004). The result of this regression analysis was a time series of monthly EC
values at Collinsville for the period of 1920-2002.
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Figure 3-14 — Observed salinity at Collinsville
Monthly average salinity ai Collinsville (black dots and black line), with the 12-month running
average (red line) and 5-vear running average (blue line).

Figure 3-14 shows the monthly average salinity at Collinsville for the period of 1920-2002,
and Figure 3-15 shows the long-term trends in monthly salinity at Collinsville. Although the
maximum values of salinity in the 1920’s and 1930"s far exceed subsequent salinity
measurements at Collinsville, during the winters and springs of the 1920°s and 1930’s, the
water at Collinsville freshened considerably. During the dry periods of 1920’s and 1930°s,
monthly average salinity was below 350 pS/cm EC (approximately 50 mg/L chloride) for at
least one month in every year. The one exception is 1924 which is inconclusive because no
data were available from November through March. Monthly average EC data are missing
for a portion of the winters and springs prior to 1926, and data for 1943 are missing entirely.

* Data provided by Chris Enright (DWR), personal communication, 2007,
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Figure 3-15 - Year-to-year trends in monthly-average salinity at Collinsville, 1920-2002
Menthly average salinity at Collinsville (black dots), with the 12-mouth running average (rved line) and
S-year running average (blue line) for individual months.

Relatively fresh winters and springs during the 1920’s are consistent with observations by
C&H during that time period. However, monthly EC at Collinsville during the recent
droughts (1976-1977 and 1987-1993) was always greater than 350 uS/em EC, except for one
month in both 1989 and 1992. These monthly observations of EC at Collinsville indicate that
during the recent dry periods (1976-1977 and 1987-1993), EC at Collinsville was higher than
that during similar dry periods in the 1920°s and 1930s.

Enright and Culberson (2009) analyzed the trend in salinity variability at Collinsville from
1920-2006. They found increasing salinity variability in eleven of twelve months and
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attributed it to water operations. In seven months (January-May, September-October) the
increasing trend was significant (p<0.05).

Even in the six-year drought from 1928 to 1934, the Delta still freshened every winter
(Figure 3-16). However, as shown in Figure 3-16, the Delta has not freshened during more
recent droughts (1976-1977, 1987-1994, and 2007-2009). This indicates that the historical
“flushing” of the Delta with fresh water is no longer occurring. This lack of flushing can also
allow waste from urban and agricultural developments upstream of and within the Delta to
accumulate. Contaminants and toxics have been identified as factors in the decline of the
Delta ecosystem (Baxter ef al. 2007). The data indicate the effect of managing to the X2
standard (implemented in 1995), as the salinity levels attained in the most recent drought are
not as high as the 1976-77 and 1987-1992 droughts.
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Figure 3-16 — Average Winter salinity at Collinsville
Annual average salinity during the winier (Tanwary through March) for water years 1927 1o 2009,
Bars are colored by water year iype as defined by the Sacramenio 40-30-30 index. Grey shading
indicates multi-year droughts that include at least one critical water year.
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Figure 3-17 — Average Fall salinity at Collinsville
Annual average salinity during the fall months (October through December) for waier years 1920 10
2009, Bars are colored by water vear hpe as defined by the Sacramenito 46-30-30 index. Grey
shading indicates multi-vear droughis that include at least one criical water vear.
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Figure 3-17 presents the variation in average fall salinity at Collinsville from 1920 to 2008 - n/ a-
(October-December). Fall salinity is now high almost every year, while in the past, fall

salinity was only high in dry and critical years. High salinity in the fall has been identified as

a factor in the decline of the Delta ecosystem. Baxter ef al. (2008) noted that “fall salinity

has been relatively high during the POD years, with X2 positioned further [sic] upstream,

despite moderate to high outflow conditions during the previous winter and spring of most

years.™

Conclusions

o [Inthe 1920°s and 19307s, the Delta freshened annually, even during droughts. In recent
droughts, the Delta does not always freshen during the winter.

*  Prior to 1976, fall salinity was high only in relatively dry years. Recently, fall salinity is
high almost every year.

3.3.5. Salinity at Mallard Slough

A 1967 agreement between the Contra Costa Water District (CCWD) and the State of
California requires the State to reimburse CCWD for the decrease in availability of usable
river water, defined as water with less than 100 mg/L chlorides, at the Mallard Slough intake
(CCWD, 1967). The 1967 agreement, and similar agreements between the State and other
Delta water users, recognized the State Water Project (SWP) would increase salinity at
Mallard Slough. The agreement defined a baseline of 142 days of usable water per year,
based on the average number of days of usable water at the Mallard Slough intake from
1926-1967. Since 1967, the average number of days of usable water’! (for the period 1967-
2005) has declined to 122, indicating a 20-day (14%) reduction in the number of days of high
quality water at Mallard Slough since the completion of the SWP,

! The data are from the USBR-CVO record of EC at Pittsburg, approximately 2 km upstream of Mallard Slough
from 1967-20035, Since this station is located upstream of Mallard Slough, the number of days of usable water at
Mallard Slough since the SWP was built may be overestimated,
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4.

Qualitative Observations of Historical Freshwater Flow
and Salinity Conditions

In this section, qualitative observations of salinity conditions in the western Delta and Suisun
Bay from the lawsuit filed by the Town of Antioch in 1920 and from various literature
reports are discussed to provide a perspective of the salinity conditions prevailing in the late
1800"s and early 1900"s. Qualitative observations from early explorers and settlers are
discussed in Appendix E.

4.1. Town of Antioch Injunction on Upstream Diverters

In 1920, the Town of Antioch filed a lawsuit (hereinafter referred to as the “Antioch Case™)
against upstream irrigation districts, alleging that upstream water diversions were causing
increased salinity intrusion at Antioch. An overview of the Antioch Case is provided in
Appendix E. The court decision, legal briefings, and petitions provide qualitative salinity
observations from a number of witnesses. Although testimony in the Antioch Case is
generally anecdotal, not quantitative, it provides a perspective of the salinity conditions
prevailing in the early 1900°s. Because the proceedings were adversarial in nature, this
report focuses on the testimony of the upstream interests, who were trying to demonstrate
that salinity intrusion was common near Antioch prior to their diverting water (prior to
1920). Consequently, the testimony may be biased in support of this “more saline™
argument.

The upstream interests in the Antioch Case provided information on the operation of
pumping plants along the San Joaquin River at Antioch for domestic water supply and the
quality of water obtained from the pumping plants, summarized in Table 4-1.

Table 4-1 - Testimony regarding pumping plant operations and water quality in the 1920

Fehruary 12, 2010

Antioch Case

Time period

: Relevant information from the testimony
of observation

1866-1878 Mr. Dodge ran a pumping/delivery operation at Antioch
=  Dodge pumped water into a small earthen reservoir at Antioch
and then hauled the water to residents in a wagon.
=  Cary Howard testified that while he was living in Antioch
(1867-1876), the water became brackish one or two vears in the
fall, when they had to drive into the country to get water. This
likely occurred during the drought of 1870-71.

1878-1880 Mr. Dahnken bought and operated the Dodge operation
=  Dahnken testified that the water became brackish at high tide
every vear in the late summer, and remained brackish at high

tide until it rained “in the mountains.”
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Time period
of observation
1880-1903 Belshaw Company provided water
®= Dahnken testified that Belshaw Company pumped only at low
tide.

1903-1920 Municipal Plant

= William E. Meek (resident since 1910) testified the water is
brackish at high tide every vear, for some months in the year.

= James P. Taylor testified that for at least the last 5 years,
insufficient storage required the plant to pump nearly 24 hours
per day, regardless of tidal phase.

= Dr.J. W. DeWitt testified that during October of most years
between 1897 and 1918, the water was too brackish to drink.
Even when the city only pumped at low tide, the water was
occasionally so brackish that it would be harmful to irrigate the
lawns.

Relevant information from the testimony - n/a -

This testimony suggests that, in the late 1800’s, water at Antioch was known to be brackish
at high tide during certain time periods, but Antioch was apparently able to pump fresh water
at low tide year-round. A possible exception was the fall season during a few dry years,
Water at Antioch was apparently fresh at low tide until at least around 1915. At that time,
due to increased demand and inadequate storage, the pumping plants started pumping
continuously, regardless of tidal stage. The window of time each vear when Antioch is able
to pump fresh water from the river has been substantially reduced in the last 125 years,

As shown in Appendix A, DWR (1960) estimated that water with a chloride concentration of
350 mg/L or less would be available about 85% of the time if there were no water
management effects. DWR (1960) 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.
DWR also projected further deterioration of water quality by 1960 and beyond but did not
include the effects of reservoir releases for salinity control.

Observations of salinity at Antioch during recent years indicate that salinity is strongly
dependent on ocean tides, and the diurnal range in salinity can be as much as the seasonal
and annual ranges in salinity. This is discussed in more detail in Appendices D and E. For
instance, salinity at high tide can be more than five times the salinity at low tide (Figures D-
1. D-2, and D-3). and the salinity during the course of a single day may vary up to 6,000
uS/em EC (Figure D-1). Average daily salinity at low tide during the period of 1983-2002
exceeded 1,000 uS/cm™ EC for about four and a half months of the year (Figure D-3).
During the driest 5 years between 1983 and 2002, salinity at low tide was always greater than
1,000 pSiem EC (i.e., no fresh water was available at any time of day) for about eight months
of the year. Fresh water is currently available at Antioch far less frequently than prior to the
1920°s.

** The current water quality criterion for municipal and industrial use is 250 mg/L, equivalent to about 1,000 uS/em
EC.
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Available data and observations indicate that, prior to about 1918, fresh water was available - n/ a-
at least at low tide during almost the entire year, in all but a few dry years. Around 1918, an

abrupt change to higher salinity occurred. Although a prolonged and severe drought also

began about this time, salinity conditions at Antioch did not return to pre-drought levels

when the drought ended, indicating that water management activities (increased upstream

diversions and later storage of water in upstream reservoirs) were the primary causes of this

increased salinity.

4.2. Reports on Historical Freshwater Extent

Several literature reports discuss the spatial extent and duration of salinity conditions in the
western Delta and Suisun Bay during the late 1800°s and early 1900°s. Salinity conditions at
several key Delta locations are summarized below.

Location: Western Delta
Source(s): DPW (1931)

Quotation: “The dry years of 1917 to 1919, combined with increased upstream
irrigation diversions, especially for vice 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)

Quotation: “It is particularly important to note that the period 1917-1920 has been
ane of uniesual dryness and subnormal stream flow and that this condition
has been a most important contributing factor to the abnormal extent of
saline invasion which has occurred during this same time.” (DPW, 1931,
pg. 66)

Summary: Salinity intrusion into the Delta during the period 1917-1929 was much
larger than experienced prior to that time.

Location: Pittsburg, CA
Source(s): Tolman and Poland (1935) and DPW (1931)
Quotation:  “From 1880 10 1920, Pittsburg (formeriy Black Diamond) obtained all or
most of its domestic and municipal water supply from New York Slough
offshore.” (DPW, 1931, pg. 60)
Quotation:  “There was an inexhaustible supply of river water available in the New
York Slough [near Pittsburg at the confluence of the Sacramento and San
Joaquin Rivers], but in the summer of 1924 this river water showed a
startling rise in salinity to 1,400 ppm of chiorine, the first time in mary
vears that it had grown very brackish during the dry summer months.”
(Tolman and Poland, 1935, pg. 27)
Summary: Prior to the 1920’s, the water near the City of Pittsburg was sufficiently
fresh for the City to obtain all or most of its fresh water directly from the
river.

Location: Antioch, CA
Source(s): DPW (1931}
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Quotation: “From early days, Antioch has obtained all or most of its domestic and
municipal water supply from the San Joaguin River immediately offshore
from the city. This supply also has always been affected to some extent by
saline invasion with the water becoming brackish during certain periods
in the late summer and early fall months, However, conditions were fairly
satisfactory in this respect until 1917, when the increased degree and
duration of saline invasion began fo result in the water becoming too
brackish for domestic use during considerable periods in the summer and
fall.” (DPW, 1931, pg. 60)

Summary: Until 1917, the City of Antioch obtained all or most of its freshwater
supplies directly from the San Joaquin River. Salinity intrusion has
prevented domestic use of water at the Antioch intake in summer and fall
after 1917.

Location: Benicia, CA (Suisun Bay)
Source(s): Dillon (1980) and Cowell (1963)

Quotation: “In 1889, an artificial lake was constructed. This reservoir, filled with
fresh water from Suisun Bay during the spring runoff of the Sierra snow
melt water ... (Dillon, 1980, pg. 131)

Quotation: “...in 1889, construction began on an artificial lake for the [Benicia]
arsenal which would serve throughout its remaining history as a
reservoir, being filled with fresh water pumped from Suisun Bay during
spring runoffs of the Sacramenio and San Joaguin Rivers which empried
into the bay a short distance north of the installation.” (Cowell, 1963, pg.
in

Summary: In the late 19™ Century, fresh water was available in the Suisun Bay and
Carquinez Straits for use by the City of Benicia.

The reported presence of relatively fresh water in the western Delta and the Suisun Bay
during the late 1800°s and early 1900°s is consistent with the relatively fresh conditions
observed in the paleoclimate records for this time period (Section 2.3) and the relatively wet
conditions observed in the Sacramento River runoff and precipitation records (Section 3.1).

Additional observations between 1775 and 1841 are included in Appendix E. These
qualitative observations indicated the presence of “sweer” water near the confluence of the
Sacramento and San Joaquin Rivers in the vicinity of Collinsville in August 1775 (a period
of average or above-average Sacramento River flow), and September 1776 (a period of
below-average Sacramento River flow). The presence of “very clear, fresh, sweet, and
good” water was reported in April 1776 (a dry year). Historical observations from 1796 and
August 1841 (dry periods) indicated salinity “far upstrean”™ at high tide and the presence of
brackish (undrinkable) water in Threemile Slough. Current salinity controls and regulations
put brackish water (averaged over 14 days) near Jersey Point and Emmaton, each about 2.5
miles below Threemile Slough, on a regular basis annually.
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Conclusions /

Measurements of ancient plant pollen, carbon isotope and tree ring data show that the
Delta was predominately a freshwater marsh for the past 2,500 years, and that the Delta
has become far more saline in the past 100 years because of human activity. Salinity
intrusion during the last 100 years is comparable to the highest levels over the past 2,500
years.

Human activities during the last 150 years, including channelization of the Delta,
elimination of tidal marsh. construction of deep water ship channels, and diversions of
water, have resulted in increased salinity levels in the Delta. Today, salinity typically
intrudes 3 to 15 miles farther into the Delta than it did in the early 20th Century.

Before the substantial increase in freshwater diversions in the 1940°s, the Delta and
Suisun Bay would freshen every winter, even during the extreme drought of the 1930’s.
However, that pattern has changed. During the most recent droughts (1976-1977, 1987-
1994, and 2007-2009), the Delta did not always freshen in winter. Without seasonal
freshening, contaminants and toxics can accumulate in the system and young aquatic
species do not experience the same fresh conditions in the spring that occurred naturally.
While half of the past 25 years have been relatively wet, the fall salinity levels in 21 of
those 25 years have resembled dry-year conditions. In terms of salinity, the Delta is now
in a state of drought almost every fall because of human activity, including water
diversions.

Seasonal and inter-annual variation in salinity has also been changed; however, this
change is the result of reduced freshwater flows into the Delta. Atany given location in
the western Delta and Suisun Bay, the percentage of the year when fresh water is present
has been greatly reduced or even eliminated.

The historical record and published studies show the Delta is far saltier now, even after
the construction of reservoirs that have been used in part to meet State Water Resources
Control Board water quality requirements in the Delta. Operation of reservoirs and water
diversions for salinity management somewhat ameliorates the increased salinity intrusion,
but the levels still exceed pre-1900 salinities.
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Appendix A. Factors Influencing Salinity Intrusion -n/a-

Salinity intrusion in the Delta is the result of the interaction between tidally-driven saline
water from the Pacific Ocean and fresh water from rivers flowing into the Delta. Regional
climate change (e.g., sea level rise and change in precipitation regime), physical changes to
the Central Valley landscape (e.g., creation of artificial channels and land use changes), and
water management practices (e.g., reservoir storage, water diversions for agricultural and
municipal and industrial use) affect this interaction between the ocean tides and the
freshwater flow, in turn affecting salinity intrusion in the Delta (The Bay Institute (TBI),
1998, Department of Public Works (DPW), 1931, Nichols ef al., 1986, Conomos, 1979, and
Knowles, 2000).

These factors are grouped into three categories (Table A-1) and discussed individually and
qualitatively to provide context for observed salinity variability, which is necessarily due to
the cumulative impact of all factors.

Table A-1 - Factors Affecting Salinity Intrusion into the Delta
Natural and artificial factors affect the salinity of the Delta. The factors are grouped into three
categories: regional climate change, physical changes to the landscape, and water management
practices,

Factors affecting salinity intrusion

and sEBciﬁc effect on Delta salinity

Regional Climate e Precipitation regime

Change o Long-term reduction of spring (April-July) snowmelt
runoff may increase salinity in the spring, summer, and
fall,

o A shift to more intense winter runoff may not decrease
salinity in the winter because outflows are typically
already high during winter storms.

Category

® Ocean conditions
o Added periodic variability to precipitation (via
mechanisms such as the El Nifio/Southern Oscillation
(ENSO) or Pacific Decadal Oscillation (PDOY)

e Sea level rise
o Expected to increase salinity intrusion (DWR, 2006).
Actual salinity response to rising sea level will depend
upon actions taken to protect against flooding or
overtopping (e.g., new tidal marsh vs. sea walls or
dykes).
Physical Changes to e Deepening, widening, and straightening of Delta channels
the Landscape o Generally increase salinity, but response will depend
upon location within the Delta (DWR, 2006)
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Category

Factors affecting salinity intrusion
and specific effect on Delta salinity

Separation of natural floodplains from valley rivers

o

[+]

Confining peak flows to river channels would reduce
salinity during flood events.

Preventing {loodplains from draining back into the main
channel would increase salinity after floods (late spring
and summer),

Reclamation of Delta islands

[+]

Varies (the effect on salinity depends on marsh
vegetation, depth, and location), but marshes generally
dampen tides, reducing salinity intrusion

Creation of canals and channel “cuts™

=}

Generally creates more efficient routes for tidal flows to
enter the Delta, thereby increasing salinity intrusion
relative to native conditions

Deposition and erosion of sediments in Suisun Bay
{Cappiella et al., 1999)

@

(o}

Deposition of mining debris (occurred from 1860°s to
approximately 1887) reduced salinity in Suisun Bay and
the western and central Delta (Enright, 2004, Enright
and Culberson, 2009)

Erosion {occurring since 1887) increases salinity in
Suisun Bay and the western and central Delta (Enright,
2004, Enright and Culberson, 2009)

Water Management
Practices (reservoir
operations, water
diversions, and
exports from the
Delta)

* Decreasing Net Delta Qutflow (NDO) by increasing
upstream and in-Delta diversions as well as exports

o

Increases salinity

. Increasing upstream storage capacity

o}

Generally increases salinity when reservoirs are filling.
Reservoir releases may decrease salinity if they increase
outflow. Historically, this occurred when flood control
or other releases were required in wetter years,
However, as this study shows, this has generally been
small and intermittent; salinity measurements indicate it
occurred occasionally prior to 1985, and very seldom
since, Increased early winter diversion of runofl’ to
storage will maintain or increase high salinities in the
winter.
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A.1. Climatic Variability

Changes in precipitation regimes and sea levels, brought about by a changing climate, can
affect the spatial and temporal salinity conditions in the Delta. Long-term variations in river
runoff, precipitation and sea level are discussed below.

A.1.1. Regional Precipitation and Runoff

Precipitation in the Bay-Delta watershed sets the amount of water available within the system
which could ultimately reach the Bay and affect salinity conditions. However, since
precipitation falls as both rain and snow, runoff to river channels is spread over more months
than the precipitation events themselves; any runoff from rain generally reaches the river
channels within days of the precipitation event, but runoff resulting from snow is delayed
until the spring snowmelt. For this reason, estimates of unimpaired flow (runoff), rather than
precipitation, are generally used to characterize hydrological variability. Unimpaired runoff
represents the natural water production of a river basin, unaltered by water diversions,
reservoir storage and operation, and export of water to or import of water from other basins.

Knowles (2000) determined that variability in freshwater flows accounts for the majority of
the Bay''s salinity variability. The spatial distribution, seasonal timing, annual magnitude,
decadal variability, and long-term trends of unimpaired flow all affect the hydrology and
salinity transport in the Delta. Total annual unimpaired flow in the Sacramento and San
Joaquin basins from 1872 through 2009 is presented in Section 3.1, with the seasonal
distribution provided for 1921 through 2003.

The total annual unimpaired flow of the upper Sacramento Basin for water years 1906
through 2006 exhibits substantial year-to-year variability with a strong decadal oscillation in
the 5-year running average (see Figure 3-1). On average, over the last 100 years, the total
annual unimpaired Sacramento River flow is increasing by about 0.06% or 11 thousand-acre
feet (TAF) each year. However, increased total annual unimpaired flow does not necessarily
reduce salinity intrusion. Knowles (2000) illustrated that the seasonal timing of runoff can
significantly alter salinity intrusion without any change to the total annual runoff,

Typically, most precipitation in California occurs during winter in the form of snow in the
Sierra Nevada. The subsequent melting of this snow, beginning in the spring, feeds the rivers
that flow into the Delta. The four months from April through July approximately span the
spring season and represent the period of runoff due to snow melt. The long-term trend in
spring (April-July) runoff decreased by approximately 1.3 MAF from 1906 to 20006 (Figure
A-1). This effect is believed to be caused by climate change; as temperatures warm, more
precipitation falls as rain instead of snow, and what snowpack that does accumulate tends to
melt earlier in the year. This leads to higher runoff during winter months, but lower runoff in
spring or summer, resulting in the potential for greater salinity intrusion. These observed
changes in the magnitude and timing of spring runoff of the Sacramento River watershed are
consistent with similar changes in spring runoff observed across river watersheds of the
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western United States (e.g., Dettinger, 2005; Mote ef al., 2005; Stewart ef al., 2005). Note
that, from 1920 to 2006, the long-term trend in spring runoff actually increased slightly
(approximately 0.5 MAF).

I A pil to Tuly Total - 1906 - 2006
= April to July Total - 1920-2006

5 : ¥ m 001250 + 75808
16 +— =5 year Average of April to July Total -

R = 00148
== = Linear (April to July Total - 1906 - 2006)
Linear (April to July Total - 1920-2006) ¥ = 0.0034x + 6.2858

A" = 0002

Unimpaired Sacramento Basin Runoff [MAF]
oo

0.-|_ |
288888833 EREREEEEREE 8

rigure A-1— Unimpaired runoff from the Sacramento River basins from April to July
Data source: http:/iedec.water.ca goviegi-progs/iodir/ WSIHIST.

Precipitation and runoff are influenced by regional events such as the Little Ice Age (about
1300 to 1850 CE) and the Medieval Warm Period (about 800 to about 1300 CE). During the
Little Ice Age, the winter snowline in the Sierra was generally at a lower elevation, and
spring and summer nighttime temperatures were significantly lower. This temperature
pattern would allow the snowmelt to last further into the summer, providing a more uniform
seasonal distribution of runoff such that significantly less salinity intrusion than occurs today
would be expected. This expectation is borne out by paleosalinity studies (see Section 2.3).

At shorter time scales, oceanic conditions such as the Pacific Decadal Oscillation (PDO) and
El Nifio/Southern Oscillation (ENSO) also impact precipitation and runoff patterns, Runoff
in the upper watershed is the primary factor that determines freshwater outflow from the
Delta. Anthropogenic flow management (upstream diversions, reservoir operations, in-Delta
diversions, and south-of-Delta exports) alters the amount and timing of flow from the upper
watershed (see Section 2.3). Changes to the physical landscape further alter the amount and
timing of flow (see Section 2.2).
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A.1.2. Sea Level Rise -n / a-

Sea level fluctuations resulting from the repeated glacial advance and retreat during the
Pleistocene epoch (extending from 2 million years ago to 15,000 years ago) resulted in
deposition of alternating layers of marine and alluvial sediments in the Delta (TBI, 1998). A
warming trend starting about 15,000 years ago ended the last glacial advance and triggered
rapid sea-level rise. At the end of this period (known as the “Holocene Transgression™)
approximately 6,000 years ago, sea level had risen sufficiently to inundate the Delta at high
tide (Atwater ef al., 1979).

Sea level is estimated to have risen at an average rate of about 5 cm/century during the past
6.000 years and at an average rate of 1-2 em/century during the past 3,000 years (Cayan ef
al., 2008). Observations of sea level at the Golden Gate in San Francisco reveal that the
mean sea level has risen at an average rate of 2.2 em/decade (or 0.22 mm/yr) over the past
100 years (Cayan et al., 2008). Future increases in sea level are expected to increase salinity
intrusion into the Delta (DWR, 2006); actual salinity response to rising sea level will depend
upon actions taken 1o protect against flooding or levee overtopping (e.g. new tidal marsh
would generally reduce salinity intrusion, while construction of sea walls or dykes may
further increase salinity).

A.2. Physical Changes to the Delta and Ceniral Valley

Creation of artificial channels, reclamation of marshlands, land use changes and other
physical changes to the landscape of the Delta and Central Valley have significantly altered
water movement through the Delta and the intrusion of salinity into the Delta. Major
physical changes to the Delta and Central Valley landscape have occurred over the last 150
years. As many of these physical changes were made prior to flow and salinity monitoring
(which began in the 1920°s), only a qualitative discussion is presented below.

A2.1. Deepening, Widening, and Straightening Channels
(early 1900°s-present)

The lower Sacramento River was widened to 3,500 feet and straightened (creating Decker
Island) around 1910 (Lund er al., 2007). Progressive deepening of shipping channels began
in the early 1900"s. Original channel depths were less than 10 feet; channels were gradually
dredged 1o depths exceeding 30 feet, and maintenance dredging continues today.

These changes to the river channels have increased salinity intrusion. Deepening the river
channels increases the propagation speed of tidal waves, leading to increased salinity
intrusion. Similarly, straightening the river channels provides a shorter path for the passage
of the tidal waves and increases salinity intrusion. Widening of the river channels increases
the tidal prism (the volume of water in the channels), resulting in further salinity intrusion.
Larger cross-sections reduce velocities, lowering friction losses and maintaining more tidal
energy. which is the driving force for dispersing salinity into the Delta.
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A.2.2. Reclamation of Marshland (1850-1920) -n / a-

In the Central Valley
The original natural floodplains captured large winter flows, gradually releasing the water
back into the river channels throughout the spring and summer, resulting in a more uniform
flow into the Delta (reduced peak flow and increased low flow) compared to current
conditions. The increased surface area of water stored in these natural floodplains increased
total evaporation and groundwater recharge, reducing total annual inflow into the Delta.

Even with less Delia inflow, the difference in the seasonal flow pattern may have limited
salinity intrusion. The drainage of floodplains back into rivers during the spring and
groundwater seepage back to the rivers in the summer and fall provided a delayed increase in
river flows during the low flow period. Raising and strengthening natural levees in the
Central Valley effectively disconnected the rivers from their floodplains, removing this
natural water storage, increasing the peak flood flows and reducing the low flows. The net
effect of these changes in the Central Valley was to reduce salinity during floods, when
salinity is typically already low, and increase salinity during the following summers and falls,
which is likely to have led to increased maximum annual salinity intrusion.

In the Delta
Reclamation of Delta marshland began around 1850. By 1920, almost all land within the
legal Delta' had been diked and drained for agriculture (DPW, 1931). Before the levees were
armored and the marshes were drained, the channels would have been shallower and longer
(more sinuous), which would have slowed propagation of the tides into the Delta, reduced
tidal energy and reduced salinity intrusion.

The natural marsh surface would have increased the tidal prism. However, the shallow
marsh depth and native vegetation would have slowed the tidal wave progression, The
combined effect on salinity intrusion depends on the location and depth of the marsh, the
native vegetation distribution, and the dendritic channels that were removed from the tidally
active system.

Figure A-2 shows the western, central, and southern portions of the Delta in 1869. For
comparison, Figure A-3 shows the same area in 1992, with man-made channels highlighted
grey.

A.23. Mining debris

Hydraulic mining in the Sierra Nevada began in the 1860°s and produced large quantities of
debris which traveled down the Sacramento River, through the Delta and into the Bay.
Mining debris may have contributed to the extensive flooding reported in 1878 and 1881,
Cappiella et al. (1999) estimate that, from 1867 to 1887, approximately 115 million cubic
meters (Mm3) of sediment were deposited in Suisun Bay. This deposition was due to the
inflow of hydraulic mining debris.

' The legal Delta is defined in California Water Code Section 12220,
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Figure A-2 - Map of the Delta in 1869
Channels of the western, central, avd southers Delta in 1869, prior to extensive reclamation efforts
{Gibbes, 1869)
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Figure A-3 — Map of the Delta in 1992
Channels of the western, central, and southern Delta from the Delta Atlas (DWR, 1992) Constructed
waterways (hightighted in grev) g Ity create more efficient routes for tidal flows to enter the
Delta, thereby inereasing salinity intrusion relative to the native tidal marshes.

A-8 February 12, 2010

No comments

_n/a_



No comments

Cessation of hydraulic mining around 1884 resulted in erosion of Suisun Bay, which - n/ a-
continues to erode even today. From 1887 to 1990, approximately 262 Mm3 of sediment
were eroded from Suisun Bay. The net change in volume of sediment during 1867-1887 was
68 Mm3 (net deposition) and during 1887-1990 was -175 Mm3 (net erosion). As a result of
these changes, the tidal flat of Suisun Bay increased from about 41 km? in 1867 to 52 km”® in
1887, but decreased to 12 km® by 1990 (due to erosion subsequent to the cessation of
hydraulic mining). Cappiella er al. (1999) attributed the change in the Suisun Bay area from
being a largely depositional environment to an erosional environment not only to the
hydraulic mining practices of the late 1800°s but also to increased upstream water
management practices. The Suisun Marsh Branch of the DWR estimated that erosion of
Suisun Bay (modeled as a uniform change in depth of (.75 meters) has increased salinity in
Suisun Bay and the western Delta by as much as 20% (Enright, 2004; Enright and Culberson,
2009).

A.3. Water Management Practices

Extensive local, state, and federal projects have been built to move water around the state,
altering the natural flow patterns throughout the Delta and in upstream watersheds. For
clarity in the discussion that follows, definitions and discussions of actual flow and salinity,
unimpaired flow and salinity, and natural flow and salinity, are given below.

Historical (actual) flow and salinity

Historical (or actual) flow and salinity refer to the flow and electrical conductivity, total
dissolved solids concentration, or chloride concentration that occurred in the estuary.
Historical conditions have been observed, measured, or estimated at various times and
locations; they are now measured at monitoring stations throughout the estuary.
Historical data are also used to estimate flow and water quality conditions at other
locations with the following tools: the DAYFLOW program from IEP, the DSM2 model
from the California Department of Water Resources, the X2t equation (Kimmerer and
Monismith, 1992) and Contra Costa Water District’s salinity outflow model (also referred
to as the G-model) (Denton, 1993; Denton and Sullivan, 1993). The use of these tools to
estimate flow and water quality is necessarily dependent upon the Delta configuration to
which they were calibrated. Use of these tools in hypothetical configurations (such as
pre-levee conditions, flooding of islands, etc) is subject to un-quantified error.

Unimpaired flow and salinity

Unimpaired flows are hypothetical flows that would have occurred in the absence of
upstream diversions and storage, but with the existing Delta and tributary configuration.
Unimpaired flows are estimated by the California Department of Water Resources
(DWR) for the 24 basins of the Central Valley; the Delta is one of the 24 basins.
Additionally, DWR estimates unimpaired in-Delta use and unimpaired net Delta outflow
(NDQ). Unimpaired NDO estimates can be used 1o estimate unimpaired water quality
using a salinity-outflow relationship such as the X2 or G-model tools discussed above.

? X2 is defined as the distance from the Golden Gate to the 2 part-per-thousand isohaline (equivalent to a salinity of
2 grams of salt per kilogram of water), measured along the axis of the San Francisco Estuary. X2 is often used as an
indicator of freshwater availability and fish habitat conditions in the Delta (Jassby ef al, 1995; Monismith, 1998).
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Since unimpaired flows assume the existing Delta configuration, the use of these tools
should not violate their basic assumptions. However, the results should be taken in
context. Water quality based on unimpaired flows compared to water quality based on
historical (actual) flows shows how water management activities affect water quality.
Water quality based on unimpaired flows cannot be considered natural.

Natural flow and salinity

Natural flow and salinity reflect pre-European settlement conditions, with a virgin
landscape in both the Central Valley and the Delta, native vegetation, and no diversions
or constructed storage. As discussed above, the natural landscape included natural
storage on the floodplains and extensive Delta marsh. Estimation of natural flow requires
assumptions regarding the pre-European landscape and vegetation throughout the Central
Valley. Estimation of natural salinity requires development of new models to account for
pre-European Delta geometry, incorporating the estimates of natural flow. These
assumptions induce an unknown level of error. For this reason, no attempt is made in this
report to calculate natural flow or the resulting salinity. Instead, paleosalinity studies are
examined to provide evidence of salinity in the pre-European era.

Water management practices have continually evolved since the mid-1850"s. As discussed
in Section 1.1, anthropogenic modification include diversion of water upstream and within
the Delta, construction of reservoirs, and system operations to meet regulatory requirements,

The irrigated acreage in the Central Valley has been steadily increasing since 1880 (Figure 1-
3), increasing the upstream diversions of water. There were two periods of rapid growth in
irrigated acreage: from 1880 to 1920 and from 1940 to 1980. In-Delta diversions ( Figure |-
3) began in 1869 with reclamation of Sherman Island: from 1869 to 1930, in-Delta diversions
are assumed to have grown in proportion to the area of reclaimed marshland (from Atwater et
al., 1979).

Upstream diversions first became an issue with respect to Delta salinity around 1916 with the
rapid growth of the rice cultivation industry (Antioch Case, Town of Antioch v. Williams
Irrigation District, 1922, 188 Cal. 451: see Appendix E.2). These early “pre-project”
diversions for irrigation had particularly large impacts because of the seasonality of water
availability and water use. Diversions for agriculture typically start in the spring and
continue through the early fall (when river flow is already low). These early irrigation
practices, combined with the decrease in spring and summer flow due to the separation of
rivers from their natural floodplains, resulted in a significant reduction of the spring and
summer river flow, leading to increased salinity intrusion.

Figure A-4 shows the Department of Water Resources” estimates of the effects of upstream
diversions and south-of-Delta exports on the salinity in the San Joaquin River at Antioch
(DWR, 1960). DWR's 1960 report indicated that water with less than 350 mg/L chlorides
would be present at Antioch approximately 88% of the time on average “naturally.™ and that
availability decreased to approximately 62% by 1940 due to upstream diversions. This
illustrates that upstream depletions had a significant effect on salinity at Antioch during
1900-1940, prior to the construction of large upstream reservoirs. (For reference, Shasta
Dam was completed in 1945.)
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Figure A-4 - Salinity on the San Joaquin River at Antioch (DWR, 1960)
The Department of Water Resources examined the effects of upstream depletions and south-of-Delta
axports on salinity in the San Joaguin River at Antioch, estimating the percent of time water that a
certain quality of water (with less than 350 mg/L chlorides; or fess than 1,000 mg/L chiorides) would
be available in the river without reservoir releases to provide salinity control. The estimates for 1960,
1980, 2000, and 2020 assume the reservoirs do not make releases for salinity control and therefore
underestimate the actual quality of water during these years.

AVAILABILITY OF WATER AT ANTICCH IN PERCENT OF TIME

Figure A-4 also shows estimates of the availability of water in 1960, 1980, 2000, and 2020,
without reservoir releases to provide salinity control, demonstrating that upstream depletions
and in-Delta exports would have continued to degrade water quality at Antioch,
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Exports from the south Delta started in 1951 with the completion of the federal Central
Valley Project pumping facility near Tracy, California. Exports from the State Water Project
Banks Pumping Plant, just to the west of the federal facility, began in 1967. As shown in
Figure 1-3, south-of-Delta exports increased rapidly from 1951 through the mid-1970s, and
since then the combined exports have averaged more than 4 million acre-feet per year,

Construction of upstream reservoirs also altered natural patterns of flow into the Delta.
Figure A-5 and Figure A-6 show the extent and rapid rise of constructed reservoirs in the
upstream watersheds of the Delta (DWR, 1993). The location, vear of completion and
approximate storage capacities (in acre-feet, AF) are shown in Figure A-5. Figure A-6 shows
the temporal development of reservoir capacity. Reservoir construction began in 1850, The
major reservoirs of the Central Valley Project (CVP) and State Water Project (SWP) are the
Shasta (4.5 MAF capacity) and Oroville (3.5 MAF) reservoirs, respectively. These reservoirs
capture the flow in the wet season (reducing the flow into the Delta in the wet season) and
release water for irrigation and diversions.

California Reservoirs

Reservoir Capacity [AF]

0-5,000
5,000 - 10,000
. 10,000 - 50,000
+ 50,000 - 100,000
« 100,000 - 250,000
® 250,000 - 500,000
@ 500,000 - 4,000,000

Year Completed
1991 - present
®1976- 1890
® 1966 - 1975
®1951- 1965
®1941 - 1950
®1921- 1840
@1850 - 1820

I Legal Delta
[_] RWQCB Boundaries

100 0 100 200 Miles
e —

Figure A-5 — Storage reservoirs in California
Location of storage reservoirs within California. Reservair capacity is indicated by the size of the
cirele, while the year corstruction was completed is indicated by color,
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Water management practices have been altered by regulations that require maintenance of

specified flow and salinity conditions at locations in the Bay-Delta region during certain

periods of the year. The 1978 Water Quality Control Plan and State Water Resources
Control Board (SWRCB) Decision 1485 established water quality standards to manage
salinity to protect Delta agriculture and municipal and industrial (M&1) uses. The listing of
delta smelt as a threatened species under the Endangered Species Act in 1993, followed by
the Bay-Delta Accord in 1994 and the adoption of a new water quality control plan by the
State Water Resources Control Board in 1995 changed the amount and timing of reservoir

releases and south-of-Delta exports. California’s Rice Straw Burning Act was enacted in

1992 1o reduce air pollution by phasing out the burning of rice field stubble; by 1999,
Sacramento Basin rice farmers were diverting additional water to flood harvested fields to

decompose the stubble.

Changes in water diversions and reservoir operations have altered the magnitude and timing

of river flows to the Delta, and anthropogenic modifications to the Delta landscape have

altered the interaction of fresh water from the rivers with salt water from the ocean, thus

changing patterns of salinity intrusion into the Delta.
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Appendix B. Paleoclimatic Records of -n/a-

Hydrology and Salinity

This section presents paleoclimate records of hydrology (precipitation and unimpaired
runoff) and salinity in the Bay-Delta region, in addition to those presented in Section 2 of the
main report.

B.1. Methods of Paleoclimatic Reconstruction

The field of paleoclimatology aims to deduce climatological information from natural
“archives” in order to reconstruct past global climate. These archives are created by such
Earth processes as the formation of ice sheets, sediments, rocks, and forests. Examples of
information sampled from such archives include atmospheric temperatures from ice cores
and precipitation cycles from tree rings. When samples are dated, through radiometric or
other methods, the data preserved therein become proxy indices, establishing a timeline of
major events in the local environment of the sample. Multiple samples collected over larger
spatial scales can be cross-dated to create regional climate and landscape process
chronologies.

The material sampled for paleoclimatic reconstructions has limitations that decrease the
resolution and confidence of data going back in time. Although paleoclimatic
reconstructions have a coarser temporal resolution than modern measurements, the variations
in climate and landscape responses to change are reliably described “in the first person™
because the evidence of localized climate change is preserved as a time series in situ, absent
of human influence.

The San Francisco Bay-Delta has been the focus of several paleoclimatic reconstructions.
Surveys have sampled from Browns Island (Goman and Wells, 2000; May, 1999; Malamud-
Roam and Ingram, 2004), Roe Island (May, 1999; Malamud-Roam and Ingram, 2004) Rush
Ranch (Starratt, 2001; Byrne er af., 2001; Starratt, 2004), and China Camp and Benicia State
Parks (Malamud-Roam and Ingram, 2004).

Sediment cores are the predominate archive used to reconstruct Bay-Delta climate. Changes
in wetland plant and algae communities are the dominant response in the Bay-Delta to
climate change and associated fluctuations in temperature and precipitation. Proxies of plant
and algae response to environmental conditions are preserved in the sediment cores and
determined by quantification and taxonomic identification of diatom frustules (Byrne et al.,
2001; Starratt, 2001; Starratt, 2004), plant seeds and roots (Goman and Wells, 2000} and
plant pollen (May, 1999; Byrne et al., 2001; Malamud-Roam and Ingram, 2004) and
measurement of peat carbon isotope ratios (Byrne er al., 2001; Malamud-Roam and Ingram,
2004).

Plant communities in the Delta are characterized by salt tolerance. Salt-tolerant plant
communities are dominated by pickleweed (Saficornia spp.) while freshwater plant
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assemblages are dominated by tule (Seirpus spp.) and cattail (Typha spp.) (Atwater et al.,
1979). Plants contribute pollen, seeds, and vegetative tissue in the form of peat to the
sediment archive. Plant material deposited to surface sediments are significantly correlated
to the surrounding standing vegetation, and thus plant material preserved in sediment cores
are considered autochthonous to the type of wetland existent at the time of sediment
deposition, allowing reconstruction of the salinity conditions in the Delta over time.

Diatom taxa are classified according to their salinity preference expressed as the Diatom
Salinity Index (DSI) (Eq 1) (Starratt, 2004). Starratt (2001) classified salinity preference as
freshwater (F; 0-2%), freshwater and brackish water (FB; 0-30%.), brackish (B: 2-30%),
brackish and marine (BM; 2-35%), and marine (M: 30-35%). Samples dominated by marine
taxa have a DSI range of 0.00 to 0.30.

DSI = F+FB+058 1
F+FB+B+BM+ M

Carbon-isotope ratios ('30’]2(7) (Eq 2) are measured by spectrometry and the 8 notation
calculated as

S0 =| | st | 11000 (2)

The 8"C value of peat samples is a proxy for the composition of the plant assemblages
contributing vegetation to the formation of the peat. Plants utilizing the Cy mechanism have
higher 8"C values (~-14%s) than those utilizing the Cy or CAM (~-27%) (Table B-1). Using
the "C proxy can detect the presence of upland bunchgrasses such as Spartina and
Distichlis.

Pollen can be classified to the taxonomic family level. Chenopodiaceae (now
Salicornioideae) is representative of salt-tolerant Salicornia. Cyvperaceae is representative of
freshwater species including Seirpis. The ratio of Chenopodiaceae to the sum of
Chenopodiaceae and Cyperaceae (Eq. 3) is a proxy of the percent relative abundance of salt-
tolerant species (May, 1999).

Chenopodiaceae

%ST = (3)

Chenopodiaceae + Cyperaceae

To establish chronologies for sediment archives, dates must be established for when material
was deposited through the length of the sediment cores. Radiocarbon dating by Accelerator
Mass Spectrometry (AMS) determines age by counting the " content of plant seeds or
carbonale shells calibrated against a northern hemisphere atmospheric carbon calibration
curve (Malamud-Roam ef al,, 2006), Radiocarbon dating is valid to about 40,000 years
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before present (BP)*, making it an ideal method for establishing dates through the period of - n/ a-
interest for the Bay and Delta. When archived proxies are correlated with the sediment core
chronology, a timeline is established reconstructing past climate and landscape response.

Table B-1 — Carbon Isotope Ratios (5"°C) of Plant Species in the San Francisco Estuary
fadapted from Byrre et al. 2001)

Photosynthetic 313C

Species Common Name Pathway (%)
Distichlis spicata Saltgrass C4 -13.5
Spartina foliosa California cordgrass ~ C4 -12.7
Cuscuta saling Salt-marsh dodder C3 -20.8
Frankenia

grandifolia Alkali heath C3 -30.2
Grindelia stricta Gumplant C3 -26.4
Jaumea carnosa Marsh jaumea C3 -27.2
Juncus balticus Baltic rush 3 -28.4
Lepidium latifolivm  Perennial pepperweed (3 -26.6
Scirpus californicus  California bulrush C3 -27.5
Seirpus maritimus Alkali bulrush C3 -25.5
Typha latifolia Cattail c3 -27.8
Salicornia virginica  Pickleweed CAM -27.2

A large number of paleoclimatic reconstructions exist for California and the western U.S.,
but a complete discussion is beyond the scope of this report. These reconstructions are
reviewed by Malamud-Roam et al. (2006; 2007) and provide important context to events in
the Bay and Delta by recording major non-localized events and larger regional climate shifts.
Important examples include: Central Valley oaks. Sierra Nevada giant sequoias, and White
Mountain Bristlecone pines used 1o establish precipitation and temperature from the location
of the tree line and tree rings; Mono Lake sediments and submerged tree stump rings for
precipitation; and Sacramento and San Joaquin River floodplain deposits for flood events.
These studies establish a record of environmental conditions in the Bay and Delta from their
formation to the present.

B.2. Major Regional Climatic Evenis

Formation of the Sacramento-San Joaquin Delta

The Holocene epoch began approximately 8000 BCE at the end of Pleistocene glaciations
(Malamud-Roam et al., 2007). In the early Holocene, a general warming and drying period
in California accompanied high orbitally driven insolation until insolation reached current
values at approximately 6000 BCE. In the Sierra Nevada, western slopes were in the early
stages of ecological succession following the retreat of glaciers. The modern river floodplain
systems were forming in the Central Valley. Parts of the Delta and Bay were river valleys

Before Present (BP) is a time scale, with the year 1950 as the origin, used in many scientific
disciplines. Thus, 100 BP refers to the calendar vear 1850,
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prior to approximately 8000 to 6000 BCE, when rapidly rising sea level entered the Golden
Gate and formed the early Bay estuary (Atwater e al,, 1979). A fringe of tidal marshes
retreated from a spreading Bay until approximately 4000 BCE when the rate of submergence
slowed to 1 to 2 em per year, allowing the formation of extensive Delta marshes over the
next 2000 years (Atwater ef al., 1979). Sedimentation from upstream sources kept up with
subsidence from increasing sea-level rise.

2000 -1 BCE

After 2000 BCE, information from archives indicates climate in the Bay and Delta was
cooler with greater freshwater inflows. The Sierra Nevada became more moist and cooler
during a period ca. 4000-3500 BP (Malamud-Roam ef al., 2006).

1 BCE - Present

The cooler and wetter period ended approximately 1 BCE, replaced by more arid conditions
(Malamud-Roam, 2007). Major climatic events, known from other parts of the world, are
captured in the regional paleoclimatic reconstructions and help to calibrate or correlate these
reconstructions to global events. Unusually dry conditions prevailed during the Medieval
Warm Period (approximately 800-1300 CE). Wetter and cooler conditions existed during the
Little Ice Age (approximately 1400-1700 CE). These climate variations are reflected in
variations in the plant communities.

Droughts

Two extreme droughts occurred in the region from about 900 to 1150 CE and from 1200 to
1350 CE. Low freshwater inflows to the Delta oceurred during periods 1230-1150, 1400-
1300, 2700-2600, and 3700-3450 B.P.

Flood Events

Periods of increase moisture occurred from 800-730 BP and 650-300 BP. Massive flooding
inundated the Central Valley in the winter of 1861 (Malamud-Roam et af., 2006). High
periods of inflow oceurred during 1180-1100, 2400-2200, 3400-3100, and 5100-3800 BP.

Sampling for paleoclimatic reconstructions captures the modern era, enabling a comparison
of current conditions with conditions over the past several thousand years. The erratic nature
of precipitation in California observed over the past century have been normal and small
compared to natural variations over the past millennia.

Reconstructed River Flow and Precipitation Records

Meko et al, (2001a) used tree-ring chronologies in statistical regression models to reconstruct
time series of annual unimpaired Sacramento River flow for approximately the past 1,100
years (see Section 2.1). Similarly, Graumlich (1987) used tree ring data from the Pacific
Northwest to reconstruct precipitation records for the period of 1675-1975 (Figure B-1).
Compared to the average observed precipitation from 1899 to 1975, the reconstructed record
has above-average precipitation during the latter half of the nineteenth century (1850-1900)
(Figure B-1). These relatively wet conditions during the late 1800’s and the severe dry
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conditions from the 1920’s trough the 1930”s in the reconstructed precipitation record are - n/ a-
consistent with the annual unimpaired Sacramento River flow reconstruction from Meko et
al. (2001) presented in Section 2.1.

Precinitation Index

Years

Figure B-1 — Reconstructed annual precipitation, 1675-1975
Data from Graumiich (1987). Precipitation index is presented In wnits of standard deviation from the
1899-1975 observed mean value.

Estimates of annual precipitation (Graumlich, 1987) and unimpaired runoff (Meko et al.,
2001a) from tree ring analysis are used in this study to provide hydrological context,
indicating the relative hydrology (e.g. wet or dry) of a specific year and surrounding decade.
The reconstructed hydrological data are not used to estimate salinity intrusion for two
reasons. First, the seasonal distribution of hydrology is critical in determining salinity
variability; two years with the same total annual flow could have significantly different
salinity intrusion due to the timing of the flow (Knowles, 2000). Second, since 1850,
anthropogenic modifications to the landscape and river flows alter the hydrodynamic
response to freshwater flow, somewhat decoupling the unimpaired hydrology from the
downstream response (i.e. salinity intrusion).

Malamud-Roam et al. (2005) and Goman et al. (2008) review paleoclimate as it relates to
San Francisco Bay. Generally, they found that paleoclimatic studies showed that a wetter
(and fresher) period existed from about 4000 BP to about 2000 BP. In the past 2,000 years,
the climate has been cooling and becoming drier, with several extreme periods, including
decades-long periods of very wet conditions and century-long periods of drought. As
discussed in the next section, the century-long periods of drought are found in paleosalinity
records in Suisun Bay and Rush Ranch in Suisun Marsh, but are much less evident in Browns
Island, indicating a predominately freshwater marsh throughout the Delta. Citing Meko er al.
(2001), they note that only one period had a six-year drought more severe than the 1928-1934
period: a seven-year drought ending in 984 CE. They also not the most extreme dry year was
in 1580 CE, and state that it was almost certainly drier than 1977. On the whole, however,
the last 600 years have been a generally wet period. This is reflected in the salinity records
discussed in the next section,

February 12, 2010 B-5



B.3. Reconstructed Salinity in the Bay-Delta

Starratt (2001) reconstructed historical salinity variability at Rush Ranch, in the northwestern
Suisun Marsh, over the last 3,000 years by examining diatoms from sediment cores. The
taxa were classified according to their salinity preference: freshwater (< 2%e). freshwater and
brackish water (0% to 30%a), brackish (2%e to 30%a), brackish and marine (2% to > 30%),
and marine (> 30%e»). Based on the composition of the diatom assemblages, Starrat identified
centennial-scale salinity cycles (Table B-2).

Table B-2 — Salinity Intervals over the last 3,000 years at Rush Ranch
Salinity intervals determined from the diatom populations in a sediment core in northwesters Suisun

Marsh.
Approximate Years Type of Interval ®
1850 CE — present [not classified]
1250 CE - 1850 CE fresh
250 CE - 1250 CE brackish
500 BCE - 250 CE fresh
1000 BCE - 500 BCE brackish

* Classification according to Starratt (2001)

These results correspond well to other paleoclimatic reconstructions. The most recent broad-
scale freshwater interval roughly corresponds to the Litile Ice Age, and the most recent
brackish interval corresponds to the Medieval Warm Period.

Starratt notes that the post-1850 interval indicates an increase in the percentage of diatoms
that prefer brackish and marine salinities compared to the last freshwater interval, indicating
an increase in salinity during the last 150 years, in comparison to the previous 600 years,
During the post- 1850 period, diatoms that prefer “marine”™ environments constitute as much
as 50% of the total diatom population, a percentage that is at or above that of any other
period. During the most recent years, “freshwater” assemblages constitute about 20% of the
total population, a percentage that is only about 10% higher than the most recent brackish
interval from 250 to 1250 CE.

Malamud-Roam et al. (2006) compared reconstructed salinity records for the past three
thousand years from four locations (three tidal marsh locations and one location in the Bay)
in the Bay-Delta region (Figure B-2(a)). Figure B-2(b) shows several periods with higher
than average salinity (e.g., 1600-1300 and 1000-800 BP and 1900 CE to present) and several
periods with lower than average salinity (e.g., 1300 to 1200 BP and 150 to 100 BP). These
paleosalinity records are consistent with each other and with the paleoclimatic records of
river flow and salinity presented in Section 2.
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Figure B-2 - Paleosalinity records at selected sites in the San Francisco Estuary
(a) location of the three tidal marsh sites (China Camp, Bewicia State Park and Roe Island) and one
site in the Estuary (Oyster Point in San Francisco Bay) where sediment cores were obtained,
(b} time series for the pollen index (ranging from 0 to 1, higher values corvesponding to higher
salinity) and the 813C values at the tidal marsh sites: safinity at Oyster Point, San Franeisco Bay
(inferred from 8130 values) is alse shown. The broken line shows the estimated mean polien index
prior to European disturbance. (modified from Mal, {-R and {ngram (2004) and Maland-
Roam et al. (2006))
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Appendix C. Quantitative Hydrological Observations -n/a-

Long-term records of river runoff are useful in understanding hydroclimatic variations.
Section 3.1 discusses the long-term variations of the unimpaired Sacramento River runoff
and unimpaired San Joaquin River runoff. The estimates of these variables from early
1900’s to the present are available on the internet . Estimates prior to the early 1900’s (late
1800’s to early 1900°s) were obtained from a 1923 California Department of Public Works
report (DPW, 1923). Table C-1 through Table C-4 present estimates of Sacramento River
runoff and San Joaquin River runoff for the period of 1872-200R, obtained from DPW (1923)
and hiip://cdec. water.ca.gov/cei-progs/iodin/ WSIHIST.

The unimpaired Sacramento River runoff is the sum of the flows from the Sacramento River
at Bend Bridge, Feather River inflow to Lake Oroville, Yuba River at Smartville, and the
American River inflow to Folsom Lake. The unimpaired San Joaquin River runoft is the
sum of the flows from the Stanislaus River inflow to New Melones Lake, Tuolumne River
inflow to New Don Pedro Reservoir, Merced River inflow to Lake McClure, and San Joaquin
River inflow to Millerton Lake.

Table C-1 — Annual unimpaired Sacramento River runoff for 1872-1905
Data sourvee: DPW (1923

Sacramento Featlie Yuba America!l 9
“{smr River @ River (@ River @ River @ Sacramento
Year Bend Bridge Lake Smartville Folsom River Runofl
Oroville Lake
Acre-feet (AF) \g‘:‘ll:?:ba:;;
1872 10,200,000 7,254,000 4,352,000 4,215,600 26.0
1873 4,780,000 3,347,000 1,638,400 1.862,200 11.6
1874 7,300,000 5,571,000 3,340,800 3,079,800 19.3
1875 4,390,000 2,747,000 1,561,600 1,391,600 10.1
1876 14,500,000 6,867,000 3.594.000 | 4.450.900 29.4
1877 9,870,000 2,437,000 1,292,800 1,289,200 14.9
1878 17,800,000 4,836,000 2,528,000 2,721,700 219
1879 8,380,000 5,513,000 2,796,800 3,304,900 20.0
1X80 12,300,000 7,061,000 3,641,600 4,502,100 271.5
1881 15,400,000 5,610,000 3,104,000 3,540,300 213
1882 8,000,000 4,797,000 2,150,400 3,264,000 18.2
1883 6,670,000 3,714,000 1,804,800 2,169,200 14.4
1384 11,400,000 6,190,000 3,104,000 4,103,000 248
1885 6,460,000 3,482,000 2,304,000 1,780,400 14.0
1386 14,400,000 6,384,000 3,174.400 3,918,900 279
1887 6,670,000 2,611,000 1,561,600 1,862,200 12.7
1888 5,430,000 2,669,000 998,400 1,575,700 10.7
1889 10,600,000 5,126,000 1,612,800 1,903,200 19.2
1390 22,700,000 12,090,000 6,176,000 7,725,200 48.7
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Sacramento F?alher Yuba All.'lel'iﬂll'l
Water 5 River @ < River @ Sacramento
Year SaaE @ Lake ayer @ Folsom River Runoff
Bend Bridge , Smartville
Oroville Lake
1891 6,460,000 3,482,000 1,747,200 1.944.100 13.6
1892 7,250,000 5,416,000 1,945,600 2,568,200 17.2
1893 12,400,000 7.177.000 3488000 4,399.800 215
1894 8,640,000 4,410,000 2,432,000 3.304.900 18.8
1895 12.300.000 7.177.000 4,160,000 4.737.400 284
1896 11,343,200 7,738,000 3.641.600 3.857.500 26.6
1897 10,391,400 5,610,000 3,040,000 3,632,400 22.7
1898 5,135,800 2,805,000 1,184,000 1,186,900 10.3
1899 5977400 3.288.000 1.984.000 2.362.600 13.6
1900 8,712,500 6,500,000 2,956,800 3.683.500 21.9
1901 9,020,900 6,229,000 2,854,400 3.714.200 218
1902 11,380,600 4,468,000 2,432,000 3.079.800 214
1903 9,941,800 4,483,500 2.368.000 3.038.900 19.8
1904 16,095,800 9,377,000 4,101,800 5,249,000 348
1905 10,775,200 4,529,200 2403500 2.050.000 19.8
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Table C-2 — Annual unimpaired Sacramento River runoff for 1906-2009
Data Source: hitp:ficdec.water.ca.govicgi-progs/iodir/WSIHIST

. Sacramento Sacramento Sacramento Sacramento
‘;::’ir River Runoffl ‘3::’:7 River Runoff ‘:::;e: River Runoff ‘:::: River Runoff
(MAF) (MAF) (MAF) (MAF)
1906 26.7 1936 174 1966 13.0 1996 223
1907 337 1937 13.3 1967 24.1 1997 254
1908 14.8 1938 31.8 1968 13.6 1998 3l4
1909 30.7 1939 82 1969 27.0 1999 21.2
1910 20.1 1940 224 1970 24.1 2000 189
1911 26.4 1941 27.1 1971 22.6 2001 9.8
1912 1.4 1942 25.2 1972 134 2002 146
1913 12.9 1943 21.1 1973 20.1 2003 19.3
1914 27.8 1944 10.4 1974 32.5 2004 16.0
1915 23.9 1945 15.1 1975 19.2 2005 18.6
1916 24.1 1946 17.6 1976 8.2 2006 32.1
1917 17.3 1947 10.4 1977 5.1 2007 10.3
1918 1.0 1948 15.8 1978 239 2008 10.3
1919 15.7 1949 12.0 1979 12.4 2009 12.9
1920 9.2 1950 144 1980 23
1921 23.8 1951 23.0 1951 11.1
1922 18.0 1952 28.6 1982 334
1923 13.2 1953 20.1 1983 31.7
1924 5.7 1954 17.4 1984 224
1925 16.0 1955 11.0 1985 11.0
1926 11.8 1956 29.9 1986 258
1927 23.8 1957 14.9 1987 9.3
1928 16.8 1958 29.7 1988 9.2
1929 8.4 1959 12.1 1989 14.8
1930 13.5 1960 13.1 1990 9.3
1931 6.1 1961 12.0 1991 8.4
1932 13.1 1962 15.1 1992 8.9
1933 8.9 1963 23.0 1993 22.2
1934 8.6 1964 10.9 1994 18
1935 16.6 1965 25.6 1995 34.6
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Table C-3 — Annual unimpaired San Joaquin River runoff for 1872-1900

Data source: DPW {1923)

iy Tuolumne San
?lamslaus River (@ n-'.lerced Joaquin :
Water | River @ New i River @) & San Joagquin
Year Melones New Lon Lake River @ River Runoff
SR Pedro MeClure Millerton
Reservoir Lake
units of acre-feet (AF) Hﬂf‘f::tn&iﬂ\o;)

1872 1,860,000 2624000 | 1511000 | 2,627,000 8.6
1873 959,000 1,543,000 769,000 1,122,000 4.4
1874 970.000 1,576,000 791,000 1.862.000 5.2
1875 482,000 982,000 439,000 SR7.000 28
1876 2.930.000 4.059.000 | 2384.000 | 2862.000 12.2
1877 408,900 561,000 220,000 809,000 2.0
1878 1.570.000 2286000 | 1.274.000 | 2.218.000 7.3
1879 823,000 1,353,000 659,000 470,000 33
1880 1,390,000 2,071,000 | 1,132,000 [ 3.349.000 1.9
1881 970,000 1,576,000 791,000 2,740,000 6.1
1882 944,000 1,526,000 764,000 1.000.000 4.2
1883 1,020,000 1,600,000 813,000 1,392,000 4.8
1884 2,250,000 3.152,000 | 1.840.000 | 5.732.000 13.0
1885 582,000 1,097,000 505,000 1,218,000 34
1886 2,070,000 2929000 | 1.692.000 | 5211.000 1.9
1887 619,000 1,139,000 538,000 1,479,000 a8
1888 340,000 1.04R8.000 478,000 957.000 3.0
1889 718,000 1,262,000 599,000 1,574,000 4.2
1890 3,580,000 5,099,000 2.955.000 4.349.000 16.0
1891 959,000 1,543,000 769,000 1,227,000 4.5
1892 1,050,000 1,650,000 846,000 1.931.000 5.5
1893 2,150,000 3,036,000 1.758.000 1,914,000 8.9
1894 1,860,000 2,624,000 1,511,000 1,331,000 73
1895 2,700,000 3,795,000 | 2,236,000 | 2,786,700 11.5
1896 1,380,000 1.588.100 | 1,110,000 | 1.985.700 6.1
1897 1,920,000 2437100 1,566,000 2,219,700 8.1
1898 498,000 960,500 450,000 922,300 28
1899 1,030,000 1,334,700 824,000 1,269,500 4.5
1900 1,350,000 1,628,100 1,099,000 1,343,000 54
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Table C-4 — Annual unimpaired San Joaquin River runoff for 1901-2009
Data Source: http:/icdec.water.ca.govicgi-progs/iodir/WSIHIST

San Joaquin San Joaguin - San Joaquin . San Joaquin
‘:::;e: River R:.nnﬂ' \:’:;erl' River R:’noﬂ' ‘:,::rr River “l:l?nnﬂ \;::&:‘ River R:Jlrml'l'
(MAF) (MAF) (MAF) (MAF)

1901 9.4 1931 1.7 1961 2.1 1991 3.2
1902 5.1 1932 6.6 1962 5.6 1992 2.6
1903 57 1933 3.3 1963 6.2 1993 8.4
1904 1.6 1934 2.3 1964 3.1 1994 2.5
1905 53 1935 64 19635 8.1 1995 12.3
1906 12.4 1936 6.3 1966 4.0 1996 7.2
1907 11.8 1937 6.5 1967 10.0 1997 9.5
1908 33 1938 11.2 1968 29 1998 10.4
1909 9.0 1939 29 1969 12.3 1999 5.9
1910 6.6 1940 6.6 1970 5.6 2000 59
1911 11.5 1941 7.9 1971 4.9 2001 32
1912 3.2 1942 74 1972 36 2002 4.1
1913 3.0 1943 7.3 1973 6.5 2003 4.9
1914 87 1944 39 1974 71 2004 3.8
1915 64 1945 6.6 1975 6.2 2008 9.2
1916 8.4 1946 5.7 1976 2.0 2006 10.4
1917 6.7 1947 34 1977 1.1 2007 2.5
1918 4.6 1948 42 1978 9.7 2008 35
1919 4.1 1949 3.8 1879 6.0 2009 5.0
1920 4.1 1950 4.7 1980 9.5

1921 5.9 1951 7.3 1981 3.2

1922 7.7 1952 9.3 1982 11.4

1923 5.5 1953 44 1983 15.0

1924 1.5 1954 43 1984 7.1

1925 5.5 1955 3.5 1985 3.6

1926 3.5 1956 9.7 1986 9.5

1927 6.5 1957 4.3 1987 2.1

1928 44 1958 84 1988 25

1929 2.8 1959 3.0 1989 3.6

1930 33 1960 3.0 1990 2.5
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Appendix D. Instrumental Observations of Salinity /

In Section 3, historical variations in the net quantity of water flowing from the Delta to the
Suisun Bay (called net Delta outflow or NDO) and salinity in the western Delta were
discussed using available observations and a suite of commonly used modeling tools. This
section presents additional information on the historical variations of NDO and salinity in the
western Delta and Suisun Bay discussed in Section 3.

D.1. Introduction

D.1.1.  Salinity Units

Salinity is specified in this report either as electrical conductivity (EC, in units of
microSiemens per centimeter, or wS/cm) or as a concentration of chloride in water (in units
of milligrams of chloride per liter of water, or mg/L). Conversion between EC and chloride
concentration is accomplished using site-specific empirical relationships developed by
Kamyar Guivetchi (DWR, 1986). Table D-1 presents a sample of typical EC concentrations
and their approximate equivalent chloride concentrations.

Table D-1 — Typical electrical conductivity (EC) and equivalent chloride concentration

Electrical

Conductivity (.IllorIIer
(S/em) (mg/L)

350 50

525 100
1,050 250
1.900 500
2,640 700
3,600 1000

Qualitative terms such as “fresh™ and “brackish™ are often used to describe relative salinity.
The quantitative thresholds of average chloride concentration that distinguish fresh water
from brackish water and the averaging time period vary among studies. For instance,
chloride concentrations of 1,000 mg/L. 700 mg/L, and 50 mg/L. have been used by different
studies (Table D-2).

D.1.2. Temporal and Spatial Variability of Salinity

The main variability in salinity along the length of the Bay-Delta system is due to the
gradient from saline Pacific Ocean water (EC of approximately 50,000 uS/cm) to fresh water
of the Central Valley rivers (EC of approximately 100 pS/cm). However, the salinity in the
Bay-Delta varies both in space and time. It is important to clarify which time scales and
measurement locations are being used when comparing and discussing salinity trends.
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Table D-2 — Metrics used to distinguish between “fresh” and “brackish” water

Atlas (DWR, 1995)

the daily maximum

Sample timing or SaNmiy Vakic
Description = Chloride
averaging EC (uS/cm
(mg/L) (nS/cm)
Isohalines in Delta Annual maximum of 1,000 me/L | 3,700 uS/cm

X2 position (Jassby

Daily average

et al.. 1995) (or a 14-day average) 700ty | 2,640 sl
Barge travel by Monthly average of - a L
c&u? the daily maximum g

Salinity in the western Delta is strongly influenced by tides. The hourly or daily variability of
salinity can be much larger than the seasonal or annual variability. For instance, during the
fall of 1999 (following a relatively wet year”), hourly EC in the San Joaquin River at Antioch
varied by about 6,000 uS/cm (from about 3,000 uS/cm to 9.000 pS/cm) while the daily-
averaged EC for all of 1999 ranged from about 100 uS/em to 6,000 uS/cm (Figure D-1).

Salinity on San Joaquin River at Antioch

8000}

EG [uSicm]
2
8

I
1%9? 1998 19989 2000

Figure D-1 — Hourly and daily salinity variability in the San Joaquin River at Antioch
Total annual unimpaired Sacramento River flow and water year type is indicated for each water year.
Data Source: [EP Data Vaults ( hitp:/iwww.iep.ca.gowdss/ )

* The California & Hawaiian Sugar Refining Corporation in Crockett (C&H) obtained its freshwater supply from
barges traveling up the Sacramento and San Joaquin Rivers, generally twice a day beginning in 1908 (DPW, 1931).
* Water year 1999 was classified as wet using the Sacramento Valley 40-30-30 index and above-normal using the
San Joaquin Valley 60-20-20 index; indices are defined in D-1641.
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Figure D-2 — Tidal Variability in Salinity at Antioch (1967 to 1992)
Data Sowrce: IEP Data Vaults { kttp:iiwww.iep.ca.govdss/ )
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Figure -3 — Tidal Variability in Salinity at Rio Vista (1967 to 1992)
Data Sowree: IEP Data Vaults { http:/itiwww.iep.ca.gowdss/ )
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The high tide maximum, low tide minimum, and daily-averaged salinity at a given location
are very different. As shown in Figure D-2, the daily maximum salinity in the San Joaquin
River at Antioch can be double the daily-averaged salinity. Because of the large tidal
variability in salinity, any comparisons of salinity observations should be at the same phase
of the tide, or at least take into account tidal variability.

Similarly, as shown in Figure D-3, the daily maximum salinity in the Sacramento River at
Rio Vista can be 170-400% of the daily average salinity. The daily minimum at Rio Vista
may be 10-65% of the daily average.

D.2. Variations in the Spatial Salinity Distribution

Observations examined in this section and Section 3.3 include records from the early 1900°s
from the California & Hawaiian Sugar Refining Corporation in Crockett (C&H) and the
long-term monitoring data from the Interagency Ecological Program (IEP). Estimates of
salinity at specific locations of interest were obtained from DWR's DSM2 model and Contra
Costa Water District’s salinity-outflow model (also known as the G-model) (Denton. 1993).
Estimates of salinity intrusion were obtained using the K-M equation (Kimmerer and
Monismith, 1992).

D.2.1. Distance to Freshwater from Crockett

The California & Hawaiian Sugar Refining Corporation in Crockett (C&H) obtained its
freshwater supply from barges traveling up the Sacramento and San Joaquin Rivers,
generally twice a day beginning in 1905 through 1929 or later (DPW, 1931). The salinity
information recorded by C&H is the most detailed salinity record available prior to the
intensive salinity monitoring by the State of California, which started in 1920. This section
presents a comparison of the salinity observations of C&H with recent monitoring data and
modeling results 1o determine how the managed salinity regime of the late 20™ Century
compares o the salinity regime of the early 19007s.

Data Sources and Methods

C&H data: C&H operations required water with less than 50 mg/L chloride concentration.
According to DPW (1931), the C&H barges typically traveled up the river on flood tide and
returned downstream on ebb tide. Since the maximum daily salinity for a given location in
the river channel typically occurs about one to two hours after high slack tide, the distance
traveled by the C&H barges represents approximately the daily maximum distance to 50
mg/L water from Crockett. The monthly minimum, average, and maximum distance traveled
by C&H barges are shown in Figure D-4 and Figure D-5. For the following analysis,
monthly averages of the C&H daily maximum distances were extracted from Figure D-5 for
the period of 1908-1918 (after 1917, extensive salinity intrusion was reported and
agricultural diversions reportedly started affecting flows into the Delta).

February 12, 2010

No comments

_n/a_



No comments

_n/a_

Pittsburg’

Distance [miles] from Crockett
Mallard Slough 18 miles
Collinsville 22 miles
Antioch 26 miles
Jersey Point 32 miles
Emmaton 28 miles
ﬁ Rio Vista 34 miles

ROUTE OF BARGE TRAVEL.

& Sewle of miles
N L 8
e
Figure D-4 — C&H Barge Travel Routes
Map adapted from DPW (1931). Red circles indicate locations of landmarks, with distance from
Crockeit listed in the inset box.
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Figure D-5 — C&H Barge Travel and Quality of Water obtained
CekH barge travel up the Sav Joaguin River (1908 through 1918, top panel) and Sacramento River
{1919 through 1929, bottom panel). The lower three lines on each pavel (reference to the left axes)
indicate the monthly minimum (dashed Iie), monthly maximum (dotted live), and monthly average
(salid line) distaice traveled by C&H barges to obtain their fresh water supply. The uppermaost solid
line on each panel (reference to the vight axes) indicates the average monthly salinity of the water
obtained by the barges. Figure adapted from DPW (1931}

1928 [Eky)

From 1908 through 1917, C&H was able to obtain water with less than 50 mg/L chlorides
within 30 miles of Crockett on average (below Jersey Point on the San Joaquin River). In
1918, the salinity of the water obtained by C&H barges had increased due to a combination
of a lack of precipitation and upstream diversions (especially for newly introduced rice
cultivation) (DPW, 1931). During August and September 1918, salinity exceeded 60 mg/L
chloride, and the C&H barges traveled farther upstream than any time previously recorded.
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In 1919, a wetter year than 1918, salinity was high for an even longer period of time, most n/ a
likely due to increased upstream diversions for irrigation. Salinity exceeded 60 mg/L
chloride during July, August, and September. Beginning in 1920, C&H abandoned the
Sacramento and San Joaquin Rivers during the summer and fall seasons, replacing the water
supply with a contract from Marin County. However, even during the driest years of the
1920°s, C&H obtained water with less than 50 mg/L chloride below the confluence of the
Sacramento and San Joaquin Rivers during a portion of every year.

Salinity observations from the Interagency Ecological Program (IEP): Long-term
monitoring of electrical conductivity (EC) at multiple stations within the Bay and Delta
began around 1964. Publicly-available daily-averaged data were obtained for this analysis
from the Interagency Ecological Program (IEP) data vaults (Table D-3).

Table D-3 — Overview of long-term salinity observation records from IEP
(see htfp:iwww.iep.ca.govidss/ )

Location Station Source Data
Selby RSAC045 | USGS-BAY Historical
Martinez RSACO54 | CDEC Real-time
Benicia Bridge RSAC056 | USBR-CVO Historical
Port Chicago RSAC064 | USBR-CVO Historical
Mallard RSACO75 | CDEC Real-time
Pittsburg RSAC077 | USBR-CVO Historical
Collinsville RSACO81 | USBR-CVO Historical
Emmaton RSAC0O92 | USBR-CVO Historical
Rio Vista RSAC101 | USBR-CVO Historical
DWR-ESO-D1485C Historical
Georgiana Slough RSACI23 | DWR-CD- Historical
SURFWATER
Greens Landing RSACI39 | USBR-CVO Historical
Antioch RSANO0O8 | USBR-CVO Historical
Jersey Pont RSANOI® | USBR-CVO Historical
Bradford Point RSANO24 | USBR-CVO Historical
San Andreas Landing RSAN0O32 | USBR-CVO Historical

Delta Simulation Model (DSM2) Historical Simulation: The DSM2 historical
simulation (1989-2006) was used to provide estimates of water quality to complement the
limited field data from IEP. Because DSM2 has a very detailed spatial computational
network covering the Delta and Suisun Bay, DSM2 can output much more detailed spatial
and temporal salinity information than just the water quality at the IEP monitoring stations.
DSM2 results include the daily-averaged EC at each model node along the lower Sacramento
and San Joaquin Rivers. The location of the 350 uS/em EC isohaline (corresponding to 50
mg/L chloride) was identified from the DSM2 results and compared with the equivalent
C&H and IEP data.
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Analysis time frame: The first decade of C&IH barge travel (1908-1917) was a relatively
wet period compared to the entire period of record (1906-2006) (Figure D-6). To compare
conditions under similar hydrological conditions, specific recent decades (Figure D-6(a})) and
select recent years (Figure D-6(b)) were selected that have comparable or slightly wetter
hydrology than the C&H years. The periods 1966-1975 and 1995-2004 have similar annual
unimpaired Sacramento River flow to the C&H data period (1908-1917) (see Figure D-6(a)).
In addition, two wet years (1911 and 1916) and two dry years (1913 and 1918) selected from
the C&H time period were compared with two wet years (1969 and 1998) and two dry years
(1968 and 2002) from the IEP record.

Limitations of the analysis: The C&H data approximately represent the maximum daily
salinity at a given location, whereas recent conditions (IEP or DSM2 data) are represented by
the daily-averaged salinity. The estimates of the distance that must be traveled to reach fresh
water under current conditions are, therefore, underestimated.

In addition, the C&H barges traveled up the San Joaquin River from 1908 through 1917, yet
the equivalent travel distance for C&H barges under current conditions are estimated for the
Sacramento River, and not the San Joaquin River. Under present-day conditions, the
upstream distance to fresh water on the San Joaquin River is greater than for the Sacramento
River, so this approach will also serve to underestimate the actual distance that C&IH barges
would have to travel under present-day conditions.
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Distance [miles above Crockett] to 50 mg/L chlorides

No comments
Results and Discussion -n/a-
Selected Wet Years

As shown in Figure DD-7, the salinity patterns during the two selected C&H-era wet years,
1911 and 1916, are similar to cach other. During these wet years, the location of 50 mg/L
chloride water is west of Martinez for about 4-5 months (late February to early August in
1911 and from early February to late June in 1916). In contrast, during recent wet years
1969 and 1998, water with 50 mg/L chlorides or less was west of Martinez for only about 6
weeks in February and March. This comparison shows that in 1969 and 1998 the western
Delta was saltier in the fall and spring than it was in 1911 and 1916, and salinity intrusion
oceurred much earlier in 1969 and 1998,

If barges were still traveling up the Sacramento River today to find fresh water, they would
have to travel farther during the fall, spring, and summer than the C&H barges traveled
during similar wet years. In 1916, fresh water retreated upstream about one month earlier
than in 1911, possibly influenced by the increasing upstream diversions during 1911-1916
(see Figure 1-3). In recent years with even greater unimpaired runoff, fresh water retreats
two 1o three months earlier than in 1916. Additionally, fresh water reaches Martinez for a
much shorter period of time, about less than one month in recent years compared to four and
five months during 1916 and 1911, respectively.
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Figure D-7 — Distance to Fresh Water in Select Wet Years
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Selected Dry Years

Figure D-8 shows that the most visible difference between the distance to fresh water in dry
years of the early 1900’s and more recent dry yeass is the substantial increase in distance to
fresh water, particularly from April through June. This indicates the spring was much fresher
during the dry years of the early 1900°s, before large upstream reservoirs were built to
capture the spring runoff. In dry and below-normal water years under today’s conditions,
barges would have to travel farther during spring, summer and fall than they traveled in the
early 20th Century.

The C&H barge travel distance in the dry years of 1913 and 1918 are quite different,
especially the additional 10 miles of distance to fresh water traveled in August and
September of 1918, C&H recorded relatively high salinity (greater than 110 mg/L chlorides)
above Bradford Point on the San Joaquin in 1918, which is greater than observed salinity on
the Sacramento River near Rio Vista in similar water years. This may be partially explained
by the development of the rice cultivation industry around 1912 (DPW, 1931) and increased
upstream diversions when seasonal river flows were already low.
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During August and September 1918, average water quality obtained by C&H
exceeded 110 me/L chlorides

Figure D-§ - Distance to Fresh water in Select Dry or Below Normal Years

Figure D-9 shows the exceedance probabilities for distance traveled up the Sacramento River
for different salinity levels. During 1908-1917, on a monthly-averaged basis, C&H barges

had to travel above the confluence of the Sacramento and San Joaguin Rivers (approximately
22 miles above Crockett) about 26% of this time period to reach water with salinity less than
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350 uS/em EC (about 50 mg/L chlorides). In contrast, from 1995-2006, DSM2 simulations
suggest that barges would have to travel above the confluence approximately 56% of the time
to reach water with salinity of 350 uS/em EC.

The location of the 50 mg/L chloride isohaline during 1908-1917 approximately corresponds
to the location of X2 (2,640 uS/cm EC, or 700 mg/L chlorides) during 1995-2006 (Figure
D-9). This is equivalent to more than a 7-fold increase in salinity from the early 1900°s to the

present day.

Spatial Variability in Salinity - Sacramento River
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Figure D-9 — Distance along the Sacramento River to Specific Salinity Values
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D.2.2. Maximum Annual Salinity Intrusion Before and After Large-
scale Reservoir Construction

Figure D-10 shows maximum salinity intrusion during 1921-1943 (pre-CVP period), prior to
the completion of the Shasta Dam of the Central Valley Project in 1945, Salinity intrusion is
presented in terms of contours of 1,000 mg/L chlorides. Figure D-11 shows the maximum
salinity intrusion during the post-CVP period of 1944-1990. These figures indicate the pre-
CVP period experienced greater salinity intrusion than the post-CVP period, with seawater
intruding farther into the Delta during 6 of the 24 pre-CVP years (1920, 1924, 1926, 1931,
1934, and 1939) than in any of the 47 years in the post-CVP period (1944-1990).

The extreme salinity intrusion during the pre-C'VP period was due, in part, to relatively low
runoff during these years. Meko et al. (2001a) determined that the period from 1917 through
1936 was the driest 20-year period in the past 400 years; this long-term drought encompassed
16 of the 24 years in the pre-CVP period. In addition, estimates of unimpaired runoff from
the Sacramento River (obtained from http://edec. water.ca. gov/egi-progs/iodir/ WSIHIST)
indicate that the Sacramento River had 6 critical water years during the 24-year period of
1920-1943, whereas, the Sacramento River had only 4 critical water years during the 47-year
period of 1944-1990,

Figure D-12 shows that the peak salinity intrusion during the pre-CVP period occurred
between mid-August and mid-September, while peak salinity intrusion during the first
portion of the the post-CVP period (1944-1960) occurred between late-July and late-August.
Salinity intrusion during the pre-CVP period was not only affected by relatively low runoff,
but also by extensive upstream diversions (DPW, 1931).

The salinity investigations of the pre-CVP era found that the extreme salinity intrusion was
larger than any previous intrusions known to local residents and concluded the intrusion was
due, in part, to the extensive upstream diversions. As observed in DPW (1931):

“Under conditions of natural stream flow before upstream irrigation and
storage developments occurred, the extent of saline invasion and the
degree of salinity reached was much smaller than during the last ten to
fifteen years.” (DPW, 1931, page 15)

“Beginning in 1917, there has been an almost unbroken succession of
subnormal years of precipitation and stream flow which, in combination
with increased irrigation and storage diversions from the upper
Sacramento and San Joaquin River systems, has resulted in a degree and
extent of saline invasion greater than has occurred ever before as far as
known.” (DPW, 1931, page 15)

“The abnormal degree and extent of saline invasion into the delta during
recent years since 1917 have been due chiefly to: first, subnormal
precipitation and run-off with a subnormal amount of stream flow
naturally available to the delta, and second, increased upstream diversions
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for irrigation and storage on the Sacramento and San Joaquin River - n/ a-
systems, reducing the inflow naturally available to the delta. It is probable

that the degree of salinity in the lower channels of the delta and the extent

of saline invasion above the confluence of the Sacramento and San

Joaquin rivers have been about doubled by reason of the second factor.”

(DPW, 1931, page 42)

Conclusions from DPW (1931) and similar investigations have been corroborated by
paleosalinty studies (see Section 2.3), which indicate that Browns Island in the western Delta
was a freshwater marsh for approximately 2,500 years until salinity intruded in the early 20"
Century.
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Figure D-10 — Salinity intrusion during pre-CVP period, 1921-1943 (DWR, 1995)
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Figure D-13 illustrates the maximum annual salinity intrusion for comparable dry years®.
Water year 1913 experienced the least extent of intrusion, most likely because upstream
diversions were significantly less than in later years. Water years 1926 and 1932 were
subject to extensive upstream agricultural diversions, while water years 1979 and 2002 had
the benefit of the CVP and SWP to provide “salinity control™. The CVP and SWP operations
now regulate the amount of freshwater flowing through the Delta in order to prevent extreme
salinity intrusions such as those observed during the 1920%s and 1930’s.

Salinity intrusion during 1913 is estimated
based on the location of peak salinity
intrusion of 50 mg/L water as observed by it
C&H (approximately 40 miles upstream of

Crockett on the San Joaquin River). To N
determine the corresponding location of
water with 1,000 mg/L chlorides., a
relationship was formed based on
monitoring data from 1965 1o 2005,

Figure D-13 — Annual Maximum Salinity Intrusion for relatively dry years
Salinity intrusion for relatively dry water vears with similar total axnual unimpaired runoff. using
1,000 mg/l. ehlovide concentration to distinguish the extent af intrusion.

* Hydrological metrics from http://cdec.water.ca.gov/cgi-progs/iodir/wsihist for comparison: total unimpaired
Sacramento River and San Joaquin River flow for water years 1913, 1926, 1932, 1979, and 2002 was 15.9 MAF,
15.3 MAF, 19.8 MAF, 18.4 MAF, and 18.7 MAF, respectively; Sacramento River water year type index for water
years 1913, 1926, 1932, 1979, and 2002 was 6.24, 5,75, 548, 6.67, and 6.35, respectively; and San Joaquin River
water vear type index for water vears 1913, 1979, and 2002 was 2.00, 2.30, 3.41, 3.67, and 2.34, respectively.
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D.3. Temporal Variability of Salinity in the Western Delta -n/a-

D.3.1. Seasonal Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San Joaquin Rivers, was one of the
first lon7g-term sampling locations implemented by the State of California. The Suisun Marsh
Branch ' of the DWR estimated monthly average salinity at Collinsville for the period 1920-
2002, using a combination of 4-day TDS (total dissolved solids) grab samples from 1920-
1971 and EC measurements from 1966-2002. Data from the overlap period of 5 years
between the TDS grab samples and EC measurements were used in a statistical regression
model, and the monthly averaged 4-day TDS samples were converted to monthly average EC
(Enright, 2004). The result of this regression analysis was a time series of monthly EC
values at Collinsville for the period of 1920-2002.
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Figure D-14 — Average Seasonal Salinity at Collinsville

7 Data provided by Chris Enright (DWR), personal communication, 2007,
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D.3.2. Effects of Water Management on Salinity at Collinsville

In order to compare the effects of water management on salinity at Collinsville, an empirical
model of salinity transport (Denton (1993), Denton and Sullivan ( 1993)) was used in the
following analyses. Contra Costa Water District’s salinity-outflow model {(also known as the
G-model) estimates salinity in the western Delta as a function of NDO. Estimates of salinity
at Collinsville were derived for both actual historical flow (1930-2008) and unimpaired flow
(1922-2003) conditions.

Figure D-15 shows the estimated monthly-averaged salinity at Collinsville under unimpaired
and actual historical flow conditions. The predicted seasonal and annual variations of EC at
Collinsville are dependent on corresponding variations of NDO under both unimpaired and
actual flow conditions. Water management practices have a significant effect on the seasonal
variability of salinity at Collinsville, particularly during dry years (1930%s, 1976-1977 and
1987-1993), when Collinsville experiences a much greater range of monthly-averaged
salinity under actual historical conditions than would be the case under unimpaired
conditions.

(a) EC based on unimpaired NDO

- kAT LV B TR s L e s o= T A0S e
IOSIU 1930 1940 1950 1970 1980 1590 2000

1960
on actual historical NDO ———————
: v - Monthly Average

(¢) actual EC — unimpaired EC

Monthly Average EC at Collinsville [pS/cm]

Figure D-15 — Estimates of Collinsville salinity using the G-model for
unimpaired and actual historical flow conditions

Historical (actual) NDO during the 1930°s was relatively low, sometimes averaging about -
3,000 cfs for several months under actual conditions. The low values of NDO result in the
high variability of estimated salinity in the 1930°s under actual historical conditions.
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The effects of water management on salinity at Collinsville are highlighted in Figure D-16, n/ a
which shows the estimated salinity under actual historical conditions as a percent change
from the unimpaired conditions. The data in Figure D-16 are the change in G-model
estimates of salinity at Collinsville for the period of 1956-2003, computed as the difference
between actual and unimpaired salinity as a percent change from the unimpaired salinity.
Positive values indicate an increase in salinity under actual conditions and negative values
indicate a decrease in salinity (freshening).

From April through August, estimated median salinity under actual historical conditions is
substantially greater (more than a 100% increase) than median salinity under unimpaired
conditions (Figure D-16). For the remainder of the year, there are no substantial differences
between the estimates of median salinity under unimpaired and actual conditions. These
distributions of estimated salinity indicate that water management practices result in
significant increase in salinity throughout the vear at Collinsville.
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Figure D-16 — Estimated change in salinity at Collinsville under actual historical
conditions, as a percent change from unimpaired conditions, 1956-2003

Figure D-17 shows the estimated salinities at Collinsville under actual historical and
unimpaired conditions for just the more recent years (1994-2003). Positive values again
indicate an increase in salinity under actual conditions and negative values indicate a
decrease in salinity. The effects of water management on fall salinity are greater during this
recent period 1994-2003 than during the longer period (1956-2003), but the effects during the
recent period in the spring and early summer are smaller. This response reflects
implementation of the X2 regulatory requirements agreed upon in the 1994 Bay-Delia
Accord and regulated by the subsequent 1995 Water Quality Control Plan.
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Figure D)-17 - Estimated change in salinity at Collinsville under actual historical
conditions, as a percent change from unimpaired conditions, 1994-2003

D.3.3. Fall Salinity in the Western Delta

Figure D-18 shows the average fall salinity (October-December) at three stations in Suisun
Bay and the western Delta (Chipps Island, Collinsville, and Jersey Point). The fall salinity
data categorized according to the pre-Endangered Species Act (ESA) period of 1964-1992
and the post-ESA period (19‘)3—2006]8, Figure D-18 illustrates that there has been a
noticeable increase in fall salinity since the release of the ESA biological opinions for winter-
run salmon and Delta smelt in 1993, These increases occur during normal water years, when
total annual runoff ranges from 15 to 30 MAF. During very wet years, there are large Delta
outflows and the ESA limits do not affect water operations. Similarly, during very dry years,
the biological opinions do not have a large effect on waler operations because upstream
reservoir storage is low and exports from the south Delta are already small.

#In 1993, delta smelt and winter-run salmon were listed under the California ESA, triggering new water
management regulations.
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Figure D-18 — Post-ESA salinity in the Suisun Bay and western Delta

Figure D-19 shows the observed salinity at Chipps Island during the fall (October-December)

Chipps Island Salinity in the Fall
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for the period of 1976-1992 (pre-ESA) and 1993-20035 (post-ESA). Fall salinity at Chipps
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Island during normal years is now comparable to fall salinity during dry and critical years - n/ a-
prior to 1994,
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Figure D-19 — Increase in Fall Salinity at Chipps Island

D.4. General conceptual overview of salinity changes
Observed changes in seasonal salinity with time

The salinity regime in the western Delta has changed as the level of development has
increased and water project operations have changed due to regulatory requirements. The
comparison of three decades with similar hydrology in Figure D-20 presents a conceptual
illustration of the changing salinity regime in Suisun Bay and the western Delta.

Monthly-averaged salinity in the spring and summer was substantially greater from 1966
through 1975 than during the early 1900's. However, fall and early winter salinity was lower
than the early 1900°s. This reduction in salinity in the fall and early winter was likely due in
part to CVP and SWP reservoir releases for flood control purposes in the fall, which
freshened the Delta. Flood control releases during this period were large because CVP and
SWP diversions and exports were not fully developed and upstream reservoirs were often
above flood control maximum storage levels in the fall, entering the wet season.

Salinity during 1995 through 2004, however, exceeded the salinities in the early 1900°s
during all months, for years with similar hydrologic conditions. The dramatic increase in fall
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salinity relative to observed levels from 1966 to 1975 is accompanied by a slight decrease in - n/ a-
spring and summer salinity. This is likely due to minimum flow and X2 requirements

imposed by the State Water Resources Board in 1995, However, spring and summer

salinities remain much greater relative to salinity in the early 1900's.

The range of seasonal variability during 1966-1975 was greatly reduced because the Delta
did not get as fresh as it did in the early 1900’s. During the last decade, seasonal variability
has increased such that the range of salinity observed in the Delta over the course of a year is
similar to that in the early 1900°s. However, salinity intrusion has moved inland relative to
the early 1900s, resulting in saltier conditions in the Suisun Bay and western Delta and a
reduction in the period when fresher water is available.

A || Saliier fall B Pre-Project (1907-1918)
19952005 | | | W Early Post-Project (1966-1975)
. B Recent Post-Project (1995-2005)
% Nl Saltier spring [
and summer
____________________ 5 Earlier
5 : " salinity
Fresher fall 3 2
'g 1065.75 - e - intrusion
=
v L 1 1 1 1 1 1 1 1 | 1 1 1 | 1
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Figure D-20 — Conceptual plot of I variability of salinity in Suisun Bay and the

western Delta during different water management eras
The effect of water management for wet and dry years
‘Water management has the largest effect during dry years when the Delta stays relatively
salty throughout the year with limited seasonal variability compared to unimpaired

conditions. As shown conceptually in Figure D-21, during wet years the Delta freshens as
much as it would under unimpaired conditions, but the Delta does not stay fresh for as long.
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Appendix E. Qualitative Salinity Observations -n/a-

The earliest written accounts of explorers were often concerned with adequate drinking
water, and salinity was generally described in qualitative terms, such as “brackish,” “fresh,”
or “sweel.,” For the purposes of comparing the present-day water quality with the historical
conditions, these qualitative observations need to be quantified.

Testimony from Antioch Case (Town of Antioch v. Williams Irrigation District, 188 Cal,
451) indicated early settlers required water with less than 100 mg/L of chloride
(approximately 525 pS/cm EC) for municipal use.” Similarly, DPW (1931) indicated that a
“noticeable™ level of salinity was 100 mg/L chloride. The current secondary water quality
standard for municipal and industrial use is 250 mg/L chloride (1,000 uS/em EC) (SWRCB
2006; US EPA 2003). This report assumes a value of 250 mg/L chloride (equivalent to 1000
uS/em EC) to be the demarcation between “fresh™ (or “sweet™) water and “brackish™ water.

E.1. Observations from Early Explorers

Table E-1 summarizes some reported observations of water quality made by early explorers
and settlers. These observations were qualitative and were most likely only a glimpse of the
ambient conditions and may not completely represent true historical water quality conditions.
Moreover, these observations were from a time period when anthropogenic effects on this
region were minimal and this region was close to natural conditions.

Table E-1 also lists the reconstructed Sacramento River annual flow (MAF) from Meko et al.
(2001b) for the year of observation and for the previous year. For reference, the average

Sacramento River flow from Meko et al. (2001b) for the period 1860-1977 is 18 MAF/yr.

Table E-1 — Qualitative salinity observations from early explorers

Year/
Date Location Description | Reconstructed Observer Reference
Flow [MAF]
1775 near the sweet, the 1774 /25 Canizares Britton, 1987
August Sacramento- | same as in a 1775/ 19 in Fox,
San Joaquin | lake 19876
confluence
1776 near Antioch | very clear, 1775/ 19 Font Britton, 1987
April (San Joaquin | fresh, sweet, 1776/ 9 in Fox,
River) and good 1987b
1776 near the sweel 1775/ 19 Canizares Britton, 1987
September | Sacramento- 1776/ 9 in Fox,
San Joaquin 1987b
confluence

£l
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Year / -n / a-
Date Location Description | Reconstructed Observer Reference
Flow [MAF]

1796 unknown salinity 1795 /6 Hermengildo | Cook, 1960
“far 1796/ 10 Sal in TBL, 1998
upstream” at
high tide

1811 near the sweel 1810/ 19 Abella Britton, 1987

October Sacramento- 1811/23 in Fox,

San Joaquin 1987b
confluence

1841 Three Mile brackish 1840/ 16 Wilkes Britton, 1987

August Slough north | (undrinkable) | 1841 /6 in Fox 1987b

of Emmaton

E-2

E.1.1. Fresh Conditions

Table E-1 indicates that some early explorers observed “sweet” water near the confluence of
the Sacramento and San Joaquin Rivers both in relatively wet years (August of 1775 and
October of 1811, reconstructed runoff about 19 MAF/yr) and in relatively dry years
(September of 1776, reconstructed runoff about 9 MAF/yr). Except as noted, it is unknown
whether these observations were made at high tide or low tide.

In order to provide a context for these anecdotal observations, present-day observed monthly
salinity (EC) conditions at Collinsville (located near the confluence of Sacramento and San
Joaquin Rivers) are plotted against unimpaired annual Sacramento River flow in Figure E-1.
The observed data are monthly-averaged salinity (uS/cm) during August-October for the
period 1965-2005. The data for the post-ESA years (1994-2005) are shown as shaded
circles. Note that the anecdotal observations in Table E-1 are likely “one-time™ observations,
while those shown in Figure E-1 are average monthly values.
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Figure E-1 — Observed salinity at Collinsville, 1965-2005

Under current management conditions, the monthly average salinity at Collinsville from
August through October is only less than 1,000 uS/cm EC (the interpretation of the “sweet”
threshold for drinking water) when the unimpaired runoff is greater than about 20 to 25
MAF/yr (Figure E-1). This suggests cither the “sweet” threshold used in this report is too
small, or salinity at Collinsville is higher today than it was in the late 18th and early 19th
centuries.

If the definition of the “sweet” threshold is changed to 1,300 puS/cm EC and the post-ESA
years (1994-2005) are excluded, then the monthly-averaged salinity at Collinsville during
August-October is “fresh” (less than 1,300 uS/ecm EC) when runoff is greater than 16
MAF/yr. This corresponds better to the ancedotal observations, discussed above, but
suggests a recent increase in salinity at Collinsville during moderately wet years (with runoff
between 14 and 26 MAF/yr). In 5 of the 12 post-ESA years (1997, 1999, 2000, 2003 and
2004}, the water at Collinsville in October would not be considered “sweet” even under the
relaxed criterion of 1,300 uS/ecm EC, suggesting that October salinity under present
conditions could be greater than it was in 1811,

E.1.2. Brackish Conditions

The qualitative observations of high salinity intrusion in Table E-1 are less specific about
location. However, some of these observations have been interpreted by others (Cook, 1960,
in TBI, 1998: Fox, 1987b) to indicate intrusion as far upstream as Rio Vista. The drought
periods of 1976-1977 and 1987-1992 are similar to these periods when these qualitative
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observations were made. During 1976-1977, daily average salinity at Rio Vista exceeded - n/ a-
1,000 pS/em for approximately six months of the year. During 1987-1992, salinity at Rio

Vista at high tide often exceeded 2,000 uS/cm, particularly during the fall. This is consistent

with the anecdotal observations made in 1796 and 1841, which report salt water extending

into the western Delta.

Summary: Interpretation of the above observations in the context of the reconstructed
Sacramento River flows shows that the Delta is generally saltier than the historical levels for
equivalent runoff conditions and does not support the hypothesis that the present-day Delta is
managed as a freshwater system in comparison with its historical salinity regime. Moreover,
this analysis indicates that salinity in the western Delta has increased during September and
October in the recent years (post-1994 periad).

E.2 Observations from early settlers in the Western Delta

Observations from early settlers in the western Delta provide a more complete description of
salinity in the late 1800°s and early 1900’s than the observations from early explorers
discussed earlier. Assuming the early settlers inhabited a particular region for longer time
periods than the early explorers, observations from the early settlers capture the temporal
variability better than those from the early explorers.

E.2.1. Town of Antioch Injunction on Upstream Diverters

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. The court
decision, legal briefings, and petitions provide salinity observations from a variety of
witnesses. Although anecdotal testimony summarized in these legal briefs is far from
scientific evidence, it provides a perspective of the salinity conditions prevailing in the early
1900’s. Because the proceedings were adversarial in nature, this report focuses on the
testimony of the upstream interests, who were trying to demonstrate that salinity intrusion
was common near Antioch prior to their diverting water (prior to 1920). Consequently, the
testimony may be biased in support of this “more saline” argument. Nonetheless, these
anecdotal testimonies indicate that the western Delta was less salty in the past than it is
today. Analyses of some of the testimonies are presented below,

Case History

On July 2, 1920, the Town of Antioch filed suit in the Superior Court of the State of
California (hereinafter referred to as the “Antioch Case™) against upstream diverters on the
Sacramento River and Yuba River. A hearing for a temporary injunction began on July 26,
1920, and lasted approximately three months. On January 7, 1921, Judge A. T. St. Sure
granted a temporary injunction, restraining the defendants *from diverting so much water
from the said Sacramento River and its tributaries, to non-riparian lands, that the amount of
water flowing past the City of Sacramento, in the County of Sacramento, State of California,
shall be less than 3500 cubic feet per second” (Town of Antioch v. Williams Irrigation
District, Supplement to Appellants® Opening Brief, p. 13).

February 12, 2010



No comments

The defendants appealed to the Supreme Court of the State of California, which issued its n/ a
opinion on March 23, 1922, The Supreme Court reversed the lower court and withdrew the

injunction, declaring “[i]t is evident from all these considerations that to allow an

appropriator of fresh water near the outlet of these two rivers to stop diversions above so as

to maintain sufficient volume in the stream to hold the tide water below his place of diversion

and secure him fresh water from the stream at that point, under the circumstances existing in

this state, would be extremely unreasonable and unjust to the inhabitants of the valleys above

and highly detrimental to the public interests besides.”

The Supreme Court did not make any comment whatsoever on the evidence of salinity
intrusion prior to the upstream diversions in question. The Court indicated that their decision
was based on a “policy of our law, which undoubtedly favors in every possible manner the
use of the waters of the streams for the purpose of irrigating the lands of the state to render
them fertile and productive, and discourages and forbids every kind of unnecessary waste
thereof.” (Town of Antioch v. Williams Irrigation District (1922) 188 Cal. 451). The Court
concluded that allowing 3,500 cubic feet per second (efs) to “waste™ into the Bay to provide
less than 1 ofs of adequate quality water for the Town of Antioch would constitute
unreasonable use of California’s limited supply of water.

The court did not base their decision on historical salinity observations at Antioch, which
indicate that Antioch was able to divert freshwater at low tide at all times from 1866 to 1918,
except possibly for some fall months during some dry years (Section 3.1).

E.2.2. Salinity at Antioch — then and now

In the present day, the City of Antioch maintains a municipal water intake on the San Joaquin
River at Antioch. As a general operating rule, the City of Antioch pumps water from the
river when salinity at the intake is less than 1.000 uS/cm EC. Salinity varies substantially
with the tide; generally the greatest salinity is observed near high tide and the lowest salinity
is observed at low tide. Figure E-2 shows that salinity in the San Joaquin River at Antioch is
highly variable and is dependent on tidal conditions and season. Figure E-2 indicates that for
water year 2000 (an above-normal water year) the City of Antioch could pump water all day
for about four and half months (early February through mid-June) and could pump for a
portion of the day at low tide for another three and half months (mid-June through
September). For the remaining four months (October-January), water at Antioch’s intakes
exceeded 1,000 uS/cm EC for the entire day, regardless of tidal phase.

Testimony from multiple witnesses in the Antioch Case indicates that fresh water was always
available in the San Joaquin River at Antioch at low tide until just prior to 1920, Antioch’s
legal position was that fresh water was always available before upstream development. In
cross-examination of Antioch’s witnesses, the upstream irrigators demonstrated that brackish
conditions did occasionally exist at high tide.
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Figure E-2 - Salinity variations in the San Joaquin River at Antioch, water year 2000

Figure E-3 shows the distribution of low tide salinity (salinity during the freshest 4 hours of
each day) for the period of May 1, 1983 through September 30, 2002, " These data indicate
that, on average (in 50% of the water years), low tide salinity exceeds 1,000 uS/em EC from
late-August through December. The data in Figure E-3 provide context for the qualitative
observations from the Antioch Case. During the driest 25% of the years (5 out of 20 years),
low tide salinity exceeds 1,000 uS/cm EC from June through January, leaving the Antioch
intake with no fresh water for eight months of the year.

Under average conditions corresponding to the period 1983-2002, Antioch would have to
stop pumping from late August to late December in 10 of the 20 years; i.e., they would have
an average of eight months of low-tide pumping per year, compared to the pre-1915 average
of twelve months per year (based on the anecdotal information filed by the Appellants
(upstream diverters) in the Antioch Case).

" Data Source: Interagency Ecological Program, HEC-DSS Time-Series Databases. Station RSANOOT. Agency:
DWR-ESO-D1485C. Measurement: 1-hour EC. Time Range: May 1, 1983 through September 30, 2002
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Figure E-3 - Seasonal Distribution of low-tide salinity at Antioch, 1983-2002

Conclusions

o The window, when Antioch is able to pump water with salinity less than 1,000 pS/¢cm
EC, has substantially narrowed in the last 125 years.

+ Antioch was apparently able to pump fresh water at low tide year-round in the late
1800"s, with the possible exception of the fall season during one or two dry years.

# During 10 of the 20 years between 1983 and 2002, salinity was less than 1,000 uS/cm EC
at low tide for only about eight months of the year.

® During the driest 5 years between 1983 and 2002, salinity was less than 1,000 uS/em for
only about four months per year; i.e., no fresh water was available at any time of the day
for about eight months of the year.

E.2.3. Salinity at Kentucky Point on Twitchell Island - then and now

The appellants in the Antioch Case, representing the upstream diverters, identified one
resident of Twitchell Island who reported the water at Kentucky Landing was brackish on
“one or two occasions” between 1870 and 1875 during August and September. During this
time, he had to travel up the San Joaquin River to Seven Mile Slough (the eastern boundary
of Twitchell Island) and sailed as far as the mouth of the Mokelumne River (approximately 2
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miles further up the San Joaquin River than the Seven Mile Slough junction) to obtain fresh - n/ a-
drinking water.

For comparison, we look at salinity monitoring data in that region for 1981 and 2002 to see
the location of potable water."! The source document (Town of Antioch v. Williams
Irrigation District, 188 Cal. 451) for the 1870"s drought uses up to 100 mg/L chloride
concentration as the threshold for a potable water supply. Monitoring data from 1981 shows
similar salinity intrusion as described by the Twitchell Island resident; salinity along the San
Joaquin River at Bradford Island (about 1.5 miles upstream of Three Mile Slough) exceeded
1.000 uS/em EC (about 250 mg/L C1) during August and September, During the same time
period, salinity was around 400 uS/em EC (about 64 mg/L Cl) approximately 5 miles
upstream on the San Joaquin River between Seven Mile Slough and the Mokelumne River.
This comparison indicates that the extent of salinity intrusion in 1981 is similar to that which
occurred in 1870 and 1871,

Similarly, in September 2002, the salinity in the San Joaquin River at San Andreas landing
(less than 2 miles downstream of the Mokelumne River mouth) peaked at 977 uS/em EC,
which corresponds to approximately 225 mg/L chloride concentration. Therefore, if the
observer was to travel upriver for potable water in 2002, they would have likely traveled up
to the mouth of the Mokelumne River as they did in 1870, Salinity intrusion in critically dry
years is even farther into the Delta than was found in 2002.

In conclusion, salinity intrusion up the San Joaquin River during the dry years of 1870 and
1871 as described by a Twitchell Island resident is consistent with salinity intrusion in 1981
and 2002 under similar hydrological conditions. There is no evidence that salinity intrusion
during the drought of 1870-71 was more extensive than salinity intrusion during similar
waler years in the current salinity regime.

11981 and 2002 were both dry water years in the Sacramento River basin as defined in D-1641 with similar annual
unimpaired Sacramento River flow to the vears 1870 and 1871, Annual unimpaired Sacramento River flow in 1870,
1871, 1981, and 2002 was 11 MAF, 10 MAF, 11 MAF, and 14 MAF, respectively.
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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 eriteria. 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 SWRCE 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,

CH s

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

. 8 @

City of Antioch’s Witness List

City of Antioch’s Exhibit Identification List

City of Antioch’s Response to Key Questions

City of Antioch’s Written Summary

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

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

City of Antioch’s supporting document — Excerpts from the DWR (1931) Report:
“Variation and Control of Salinity in Sacramento-San Joaquin Delta and Upper
San Francisco Bay™

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

Hydrology (Panel 1) and Yes
Hydrodynamics (Panel 5)

Susan C. Paulsen, Ph.D.,
P.E., Vice President, Flow
Science Incorporaled

Hydrology (Panel 1) and No
Hydrodynamics {Panel 5)

E. John List, Ph.D., P.E.,
Principal Consultant, Flow
Science Incorporated

Hydrology (Panel 1) and No

Phil Harrington, Director of
Hydrodynamics (Panel 5)

Capital Improvements and
Water Rights, City of
Antioch

Hydrology (Parel 1) and No
Hydrodynamics (Panel 5)

Matthew L. Emirick,
Special Water Counsel to
the City of Antioch
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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
(1921) 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”
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R to Key Questi

¥

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?

* 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

* 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)

+ 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?
¢ 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
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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 uS/ecm 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) beyvond 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.

Page 2 of 3
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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 wesiern
Delta, and the source of water to which Delta species have been historically
exposed and to which they may have adapted.

* 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?
* 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 mana itoring, and special studies
programs should the State Water Board consider as part of the Delta outflow
criteria, if any?

* 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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State Water Resources Control Board - 1’1/ a-
Delta Flow Criteria Informational Proceeding
March 22, 2010

Exhibit by City of Antioch
Summary of Historical Freshwater Availability at Antioch

Summary

The historic (pre-191R) 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, (i1) 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 Joaguin River just west of the City, Town of Antioch v. Williams Irrigation
District etal. (1922) 188 Cal. 451, 455

Page 1 of 5
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has since continued to decrease (CCWD 2010), producing significant changes in the - 1’1/ a-
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 (At
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 availabie 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 inereased salinity intrusion - n/ a-

Testimony and measurements from the Delta (1918-1920) presented by the plaintiff in
the Antioch lawsuit indicated that afier 1918, salinity abruptly increased during the
irrigation (rice cultivation) season, but returned to a potable level afier 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). Plaintiffs 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. atp. 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
freshwaler exiended up to the Golden Gate (Alt. at pg. 9).

The California Departiment 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
R0% 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 - 1’1/ a-
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 uS/cm
EC)Z. The number of days per year, expressed as a percentage, when daily average
salinity at Antioch was below 1000 pS/em EC declined from about 70% in the late 1960s
to about 40% during the recent period (A 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 nS/cm EC
for the entire day for about four-and-a-half months (carly February through mid-June)
and for a portion of the day at low tide for another three-and-a-half months (mid-June
through September). For the remaining four months (October-January), water at the
City’s intakes exceeded 1,000 uS/em EC for the entire day. regardless of tidal stage.
Testimony from the Antioch lawsuit indicates that prior to 1918, water at the City of
Antioch’s intake was below 1000 pS/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/em EC for about one-and-a-half months, and the 25"
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/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 Joaguin River at Antioch is based on
the 1968 agreement between the City of Antioch and DWR. This threshold is approximately equivalent to
1000 uS/em EC, based on the site-specific empirical relationships between chloride concentration and EC
(K. Guivetchi, DWR Memorandum dated June 24, 1986).
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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 (Aw. 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) (Aft. at pg. 18).

5. Conclusions

* 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.

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

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

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

+ “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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Overview

+ Antioch has taken fresh drinking water
from the Delta since the 1860s

v |nfrastructure and flow diversions have
changed distribution and timing of
freshwater flows

» Historic conditions were far fresher than
current conditions

+ Quality of water at Antioch has declined
markedly
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Why Is This Important ?

v Characterizations of the Delta as
“historically saline” are false

+ Native species are adapted to historical
conditions, so historic salinity and flow
patterns must be considered in
establishing appropriate flow and salinity
standards
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What Should Happen ?

» SWRCB should review and incorporate
historic salinity data into its analyses

» SWRCB should use historic data to
establish an historic baseline of water
quality and flows for both fisheries and
drinking water quality standards

No comments

...n/a...



No comments

City of Antiach: Document #6 City of Antioch - Supporting Document - Page 5
- n/a -

What Should Happen ?

+ SWRCB should ensure that flows are not
reduced, nor salinity increased, beyond levels
assured by D-1641 and current X2 requirements

» Infact, the City of Antioch asks the SWRCB to

establish flow and salinity standards in line with
the Delta’s historic fresh condition

» SWRCB should state that characterizations of
the Delta as “historically saline” are false

+ SWRCB should consider using Antioch’s
?auging station as a ‘point of interest' to gauge
low and salinity conditions
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Systemic Changes Have
Influenced Flows and Salinity

Factors Influencing Salinity
» Hydrology
» Changes to the Delta landscape
» Water Management
» Exports

+ Diversions
» Reservoir Storage
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The Delta Landscape Is
Dramatically Different
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* Approximate location of City of Antioch's waler intake

Source: left panel: DWR archives presented to Detta Vision (2008) final report: right panel: Delta Vision (2008)
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Water Exports Have Increased and
Remove Fresh Water from Delta

State and Federal Annual Delta Exports (1935-2008)
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Pre-1918, Fresh Water was Available
in Western Delta Nearly Year-round

Location

Quotation

Antioch, CA

"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)

Western Delta

“The dry years of 1917 fo 1915, combined with increased upstream irrigation diversions,
especially for rice culture in the Sacramento Valley, had already given rise to invasions
of salinity fnto the upper bay and lower delta channels of greater extent and magnitucle
than had ever been known before." (DPW, 1931, pg. 22)

“Itis particularly important to note that the period 1917-1929 has been one of unusual
drynass and subnormal stream flow and that this conction has been a most important
contributing factor to the abnormal extent of saline invasion which has occurred during
this same time." (DPW, 1931, pg. 66)

Carquinez
Stratt (Western
Delta)

*Under natural conditions, Carquinez Straits marked, approximately, the boundary
hetween salt and fresh water in the upper San Francisco Bay and delta region...”
(Means, 1928, pg. 9)

“For short intervals in late summer of years of minimum flow, salt water penetrated at
lower river and delta region, and in wet seasons the upper bay was frash, part of the

time, to the Golden Gate.” (Means, 1928, pg. 9 & pg. 57)

DPW (1931). Bulletin No. 27, State of Calfornia, Department of Public Works, See hitp:/www.archive.org/detalls/variationcontrol2 Tealirich
Means, T.(1928), Salt Water Prablem: San Francisco Bay and Delta of Sacramento and San Joaquin Rivers, San Francisco, California, April
1928, A repart prepared for the Associaton of Industrial Water Users of Contra Costa and Solano Counties,
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Pre-191
\ In Wes

8, Fresh Water was Available
ern Delta Nearly Year-round

Location

Quotation

Benicia, CA
(Suisun Bay)

‘In 1889, an artficial lake was constructed. This reservolr, filed with fresh water
from Suisun Bay during the spring runoff of the Sierra snow melt water ...” (Dillon,
1980, pg. 131)

*...In 1889, construction began on an artificial lake for the [Benicia] arsenal which
would serve throughout its ramaining history as a reservoir, being filled with frash
water pumped from Suisun Bay during spring runoffs of the Sacramento and San
Joaquin Rivers which emptied into the bay a short distance north of the
installation." (Cowell, 1963, pg. 31)

Pitsburg, CA

“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 &t the
confluence of the Sacramento and San Joaquin Rivers] offshore.” (DPW, 1931,
pg. 60)

“There was an inexhaustible supply of river water available in the New York
Slough [near Pitisburg at the confluence of the Sacramento and San Joaquin
Rivers), but in the summer of 1924 this river waler showed a startling rise in
salinity to 1,400 ppm of chlorine, the first time in many years that it had grown very
brackish during the dry summer months.” (Tolman and Poland, 1935, pg. 27)

Cowel, J. W. 1963, History of Benicia Arsenal: Benicia, Califomia: January 1851 - December 1962, Berkeley, Howel-North Books

Dillon, R, 1480, Great Expectations: The Stary of Benicia, Califomia, Fresno, Calfomia. 241 pp.

Tolman, C. F.and J. F. Poland. 1935 Imestigation of the Ground-Water Supply of the Calumbia Steel Company Pitsburg, Califormia. Stanford
University, Calfornia, May 30, 1935
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Testimony from Antioch Lawsuit: Pre-1918, Fresh
Water was Available at Antioch Year-round

*Antioch lawsit in 1920: Town of Antioch [plaintiff] v. Williams Irrigation
District et al. [defendants] (1922, 188 Cal. 451)

*Plaintiff alleged that the upstream diversions were causing increased
salinity intrusion at Antioch

“Testimony from defendants in the Antioch lawsuit (from the supporting
Supreme Gourt record on file at the State Archives) (CCWD, 2010)
*In the late 1800s, water at Antioch was known {o be brackish at high
tide during certain time periods.
*Antioch was able to pump fresh water at low tide throughout the year,
with the possible exception of the fall season during one or two dry
years.
“Water at Antioch was apparently fresh at low tide at least until around
1915 (when the pumping plants started pumping continuously,
regardless of tidal stage).
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Testimony from Antioch Lawsuit; Pre-1918,
Fresh Water was Available at Antioch in Fall

Testimony from plaintiff in the Antioch lawsuit (from the supporting Supreme Court
record on file at the State Archives)

*Antioch’s freshwater supply was obtained directly from the western Delta
from about 1866 to 1918 (pg. 47-48).

*Prior to 1918, freshwater was available at Antioch even during dry years and
in the fall (pg. 23-24).

Date Location Salinity (ppm)
1913 (Sept; a dry year) Antioch 66
1916 (Aug. 5™ wet year) Antioch 22.3
1916 (Aug. 9" wet year) Antioch 12.3
1916 (Sept. 19" wet year) Antioch 1013
1917 (Sept. 14%; wet year) Antioch 1416

No comments

...n/a...
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Testimony from Antioch Lawsuit: Post-1918,
Upstream Diversions Drastically Increased Salinity
Intrusion

Testimony from plaintiff in the Antioch lawsuit (continued)

+After 1918, salinity abruptly increased during irrigation (rice cultivation)
season, and returned to a potable leve! after irrigation ceased (pg. 18-20)

Date Location | Salinity (ppm)
1918 (Sept. 25" dry year) Antioch 1360
1920 (mnick-July; critical year) Pittsburg, CA 4500
1920 (end-July; critical year) Pittsburg, CA 6000
1920 (mid-Aug.; critical year) Pittsburg, CA 9500
1920 (end-Sept; critical year) Pittsburg, CA 2500
1920 (during rice irrigation; critical year) Antioch 12,500
1920 (end-Oct, after irrigation: critical year) | Pitisburg, CA fresh

Measurements at Pittsburg, CA, are from the Great Wester Electro Chemical Co.

+[nformation on the effect of upstream diversions is also confimed by
records in the plaintiff's testimony from C&H Sugar (see CCWD 2010).

No comments
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Testimony from Antioch Lawsuit; Water
at Antioch is from Sacramento River

*Testimony from plaintiff in the Antioch lawsuit (continued)

+Plaintiff testimony asserted that in 1920 “the amount of water which the
San Joaquin carried was dependent entirely upon the amount of water in
the Sacramento,” and that ‘the San Joaquin itself carried practically no
water at all, In other words, it was demonstrated that the amount of fresh
water which came into the San Joaquin and down as far as the Town of
Antioch was practically all Sacramento River water.” (pg. 15)

‘Water was delivered to the San Joaquin River from the Sacramento River
via two main conduits: Georgiana Slough and Three Mile Slough. 1920
flow rates in these sloughs were the basis of the assertion quoted above.
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Testimony from Antioch Lawsuit; Water
at Antioch is from Sacramento River

+ "ltis necessary here to state some additional facts to explain
how this pollution comes about and why diversions from the
Sacramento River may or do affect the volume and quality of
the water flowing down the San Joaquin River . . . From the
Sacramento River at two points, one about eight [Three Mile]
and the other about twenty - three miles [Georgiana] above its
mouth, sloughs diverge, into which parts of its waters escape
and flow through the said sloughs and into the San Joaquin
River at points several miles above the place of the diversion
by the city of Antioch.” Town of Antioch v. Williams Irrigation
District et al. (1922) 188 Cal. 451, 455
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| Freshwater Availability has Declined |

DWR (1960, pg. 13) found that freshwater was available at San Joaquin River at Antioch:
+85% of the time under “natural’ conditions

*80% of the time in 1900 100
60% of the time by 1940
*50% of the time by 1960 ¢
E
§ a0
z
g
¢
o0 o)
NATURAL DEFIGIENGY §
g
EFFEETS OF EXPOATS .
REMAINING avhiLABILITY &
£ 4
§
HOTE QUALITY LIMITS N PARTS OF g
CH.ORIDES PR WILLION r
PARTS OF WATER :
i 2
:
Mote:- report did not include effectsof @

MTURAL 1900 820 1940 160 180 2000 om0
DELTA WATER QUALITY WITHOUT SALINITY CONTROL

Teservolr releases for salinity control

DWR (1960). Bulledn No. 76, State of California. See hitp:/hwww.deltacomidors.com/uploads/Bulietn_No. 76 Delta Water_Facilties-Coior.paf
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Salinity Intrusion Occurred Earlier by 1975

Distance to freshwater from Crockett (~25 miles west of Antioch)
C&H observations (1908-1917) vs. IEP data (1966-1975)
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Source: COWD Salinity Report (2010)
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Salinity Intrusion Occurred Even Earlier
and Extended Farther by 2004

Distance to freshwater from Crockett (~25 miles west of Antioch)
C8H observations (1908-1917) vs. IEP data (1995-2004)
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Freshwater Availability at Antioch
Continues to Decline

Percentage time with daily EC < 1000 uS/em is decreasing
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Even in Above Normal Years, Freshwater

is Now Unavailable in Summer/Fall
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Freshwater is Now Available at

Antioch Far Less Often
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Summary: The Western Delta was
Historically Fresher

' Pée-1918, freshwater was almost always available at least at low
tide.

+ Between 1918 and the late 1930s, drought conditions, upstream
wa;er diVﬁrsions, and channelization increased the salinity of water
at Antioch.

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

« Salinity continues to increase in recent years at Antioch.

+ The fraction of time that water at Antioch is suitable for use {when
salinity is < 260 mg/L chlorides or 1000 uS/cm EC) has declined
significantly.

+ “Historic’ Delta was significantly fresher than the current Delta.
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Conclusions

Consider historic fresh conditions to:

Establish Delta outflows and inflows to protect species
adapted to these conditions.

Establish the criteria (volume, timing, quality) required by
SB7X1.

Establish drinking water quality standards for the Delta.
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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.

Al the March 2010 hearing, we suggested that it may be useful for the SWRCB to
consider a process of simultancously working from the “bottom up”—identifying the
flow needs of fish—and working from (he “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:/fwww.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:

M1. 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)

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

e  Diversions of {lows 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)

———
FLOW SCIENCE:
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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. SWRCE 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.

. 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 [lows.

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,
/ i
o i

Fd | E
A audtsu

._ifb’-.a.'.. L
Susan C. Paulsen, Ph.D., P.E.
Vice President and Senior Scientist

cc: Phil Harrington

———
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Preface

The following report by Lngineer Thos H. Means was financed by the
Asociation of Industrial Water Users of Contra Costa and Solano Counties.

The only instructions given Mr. Means in preparing this report were to get
the facts, and it 33 hoped that this document will be of benefit in establishing some
of the facts relating to the proposed Salt Water Barrier a3 designed by Engincer
Walker R, Young.

The following firms are members of the Association:
American Smelting & Refining Co.
Asaciated Oil Company

Atchizon, Topeka & Santa Fe Railway Co.
F. L. Beoth Company
California-Hawaiian Sugar Refinery
Columbia Steel Corp.

Coos Bay Lumber Co.

Fibreboard Products, Inc.

General Chemical Co.

Great Western Electro Chemical Co.
C. A. Hooper & Co.
Johns=Manville, Inc,

Kullman-Salz & Ca.

Mountain Copper Co,

Pieneer Rubber Malls

Redwood Manufacturers Co.

San Francizco & Sacramento R. R.
Shell Company of California
Southern Pacific Campany

Union Oil Company

ASSOCIATION OF INDUSTRIAL WATER USERS
OF CONTRA COSTA AND SOLANO COUNTIES
C. W. Scueniir, Chairman.
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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 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 alt 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 flow, 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
vears of minimum flow, salt water penetrated the lower river and delta region, and in
wet seatons the upper bay was fresh, part of the time, to the Golden Gate. This
variation in quality of water was not, however, of sufficicnt duration to affect the
characteristic vegetation growth of the regions on each side of the straits, nor w
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,—so slowly as to be hardly noriceable.
The dry season of 1918,—when large summer diversions for irrigation in the Sac-
ramento Valley resulted in the sudden penetration of salt water farther upstream
than ever known before, at such an early peried in summer,—Ffrst brought the slt
water problem to public notice. The slow effects of increasing diversions in previous
vears had escaped notice, but were bronght 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 posible, 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 Sngar Company in going upstream to obtain fresh water has been kept
since 1908. These fignres 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 nateral.  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 summary
of the complete records shows the fluctuation of the line between fresh and salt
water. Records of the Sugar Company are attached. (Table 1.) i

The Sugar Company requires water of great purity. For irrigation, domestic
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 down-
stream from the place where the barge turns, water could be obtained satisfactory for
domestic supply. Making an allowance of 734 miles in the average records, we find

_n/a_
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that an average flow of 5,000 second feet in both streams will maintain fresh water - 1’1/ a-
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 second fect. [t 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,

It is not possible to make a more detsiled swdy of this condition without
making 2 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 asumptions
may be made. The definite statement that salt water under natural conditions did
not penetrate higher upstream than the mouth of the river, except m the driest
vears and then only for a few davs at a time, is warranted, (See Table 2 for monthly
flew of tributary streams.)

At present salt water reaches Antioch every year, in two-thirds of the years ran-
ning further upstream. 1t is to be expected that it will continue to do so in future,
cven in years of greatest runoff. In other words, the penetration of slt water has
become a permanent phenomenon in the lewer river region.

CAUSE OF CHANGE IN SALT WATER CONDITIONS

The cause of this change in the salt water condition is due almest entirely to
the works of man. If natural changes have had any effect, it is too small w be
measured,  The most important nataral condition is the sequence of dry and wet
periods. Since 1917 the State has experienced dry years with Jow 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 ar 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 area irrigated varics from vear to year; in
1926 the acreage of lands on the floor of the valley was approximately as follows:

Estimate of Diversions and Avea lrrigated 1926—3. to and San Joaguin
Vaiteys, Not Including Mowutain Areas |
Agre Feet Agres
Diverted Trrigated |
Sacramento and tributarics above Sacramento, including
rice, 128,439 acres . 1,644,973 235,995
Deita uplands.. 146,906 53,649
Delta area 24,479
San Joaguin Valley estimated. 2,100,000 700,000

3,891,879 1,254,123

In »ddition 1o 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 aceurately kaown as
the area on the valley fioor, but it is large and, particalariy in low fow scason, very
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effectively wses up the water in the strcams. The use of water in the mountains i
usually more economical than in the valley and the return seepage is less. The net
effect is to consume all of the water diverted, The cfficct upon the fow is
prenounced.

The latest accurate determination of area irrigated is that made by the United
States Census,

IRRIGATION IN CALIFORNIA
Census of 1920
1902 1919 1920 1920

Areain  Area Capable
Enterprises  of Irrigation

Sacramento River and Tributaries 206,312 640,930 1,204,769 864,605

River direct. 10,942 194,397 439,169 296,748
Pit River. - 72,072 89,084 129,984 107,478
Cow Creck..... . 25 il gam 6,068 12,488 7,446
Cottonwood Creck _ 1,858 2,972 21,016 4,112
Battle Creek 2,642 2,966 6,390 5,108

Stany Creek
Feather Ry
Yuba River....

4110 23,559 45,143 36,191
67,111 142,841 186,756 167,463
Not Rep. 19,473 69,074 23,492
Cache Creel 3,756 24,541 56,498 31,212
American Rive 10,112 47,156 $2,695 52,842
Other Tributaries, v vee o 31,383 86,993 155,336 132,513
San Joaguin River and Tributaries 220,651 1,069,161 2,072,739 1,497,661
San Joagquin River direct 129,647 642,261 1,083,862 873,300
Fresno River 10,729 12,412 30,004 14,016
i 19,636 65,151 222,715 71,709

River Mot Rep. 165,533 298,418 250,425
5 1 River 13,840 75,359 155,453 111,192
Calaveras Rivero e e Mot Rep. 13,323 21,598 16,489
Mokel River 5,558 36,848 133,480 72,144
G River. Not Rep. 1250 o011 6,405
Other Tribatarics e 41,241 $5,015 06,198 £1,981

The above includes springs and wells.

Where area in watershed is not reported {mot rep.) it is included in other watersheds.
Records for other census peciods have not beea tabulated so 23 to be comparable.

This table shows that in the I8 years between 1902 and 1920 the area irri-
gated in the Sacramento Valley trebled, while in the San Joaquin Valley the increaie
was nearly five times as great.  The area included in irnigation enterprises was only
half watered in 1920, while the area capable of being irrigated was only about two-
thirds watered. The total area irrigated in both watersheds was 1,710,000 acres in
1920.

No accurate recards have been collected since 1920, It is known, however, that
the growth of irrigation has continued, though at a slower rate than prior to 1920.
Sinte 1920 the growth in area has been proportionally larger in the San Jeaquin
than in the Sacramento Valley, In the latter valley grain production (seldom irri-
gated) is still profitable and much land within irrigation projects goes into grain.
Other erops, such as rice, vare in arca with the price of rice.

No comments
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United States Department of Agricalture tabulation of area in rice i Cali-
fornia is shown below:

ACRES IN RICE IN CALIFORNIA

N e s e e 162,000
1921 SRS 135,000
{17 R S e—— 140,000
1923 . 106,000
i oo e B SR L R L
RS 103,000
1926 cens.. — 149,000

Storage reservoirs, both for irrigation and power, have been built en many
streams in the past fiftecn years, Many others are planned and their constraction
will be undertaken within a short time. The following Jist of reserveirs is as com-
plete as it is possible to make it.  Small reservoirs—Iless than 1,000 acre feet capacity
—have been omitted,

STORAGE RESERVOIRS
GOLDEN GATE DRAINAGE WATERSHED
Height Reservoir

SACRAMENTO BASIN of Capacity

Dam Acre-Feet
Cottonwood  Creek...oeeee. Misselbeck Reserveir ... 105 5,460
Pit River.....e... Darris Reservoir. SR 12,500

-Big Sage Reservoir............

36,000

.Mz, Shasta Power Co. No, 3....
East Park. 51,000
b2 T 1 - — 50,000
Paradise Creek.. ... Paradise Reservoir.
Battle Creck. ....-2 Reservoirs... 3,000
Feather River......... -<o..Lake Almanor, 1,317,000
Bucks Creek 103,000
Burtee Valle: 106,000
1T Bullards Ba 11,000
Lake Franci 2,400
Spalding ... 74,000
235 Reservoirs, small.. Pl 54,000
Bowman being enlarge: i TR
American 4 Reservoirs . S R 12,800

Mokelumne. ... Pardec under construction 5350 200,000

Electra System, 7 Res. .. 24,800
SR IEIAUS e cermereresireneeenemesSalt Springs, under comstruction . 300 130,000
) T e e 140 15,000

Strawberry 135 18,000
Utica, 3 Reservoirs.. £ 8,900
Woodward ... 36,000

Melones ... 191 112,500

No comments
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Tuolumae .o ceoereeesiccneo Hetch Hetchy. - n/a -
O’'Shaughnessy
Dom Pedro

Lake Eleanor

344 206,000
284 290,000
-~ 25,300
28000
18,000
278,000
64,500

Huntington =t 165 48,700

Shaver Lake... 133 138,504

Crane Valley. 150 38,000

Cache Creek Clear Lake 2 e 400,000
Suisun Creckeeee coeee. Gordon Valley ... 104 10,000
Total Constructed Reservoirt s rmneessemsms smem s 3,998,360

Projected Reservoirs {Partial List)

BACEAMEA. ceue e iim e cwaaniea FETITIEEL . 420 2,838,000

Iron  Canyon.... 709,000
American . ..Fulsom . 220 300,000
Mokelumne 140 1,200,000

“I'uol O'Shanghnessy, increased to. ... .. 430 350,000

Total Projected Reservoirs. ...3,397,000

In round numbers, reservoirs of a capacity of 4,000,000 acre feet are in use on
streams tributary to San Francisco Bay above Carquinez Strait.  Reservoirs of much
larger capacity are being considered for fature construction.

Mining Debris. Mining debris and sediment in the rivers and by-pass
channels have probably changed the tidal flow to a small extent, and may have
affecred salt water movements. The effect has been too small to measure, but it has
been generally in the direction of reducing tidal prism and tidal flow where the
deposits are Jaid down in bay waters, and of increasing tidal flow through the Golden
Gate where deposited in the rivers. The net change has probably been very small,
Gilbert, in his report upon Hydraulic Mining Debris (U. 8. G. 8. Prof. Paper 105,
page 87) estimates the reduction in tidal currents in Golden Gate caused by deposi-
tion of debris as 2.49 per cent.

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

First, Reduction of Tidal Prism: The reduction in tidal prism by the con-
struction of levees in the delta region and around the upper end of San Pablo Bay
and around Suisun Bay has probably had the cfect of slightly reducing the tidal
flow through Golden Gate. At has been shown by Gilbert in the publication above
referred to, the cfect of leveeing in the lower river has had the tendency of increas-
ing Golden Gate flow, while the zame work in Suisun and San Pablo Bays hawhad
the opposite effece.  The net effect, however, is small and results in decreased fiow,
Gilbert (U. 8. Geologic Survey Professional Paper 105, page 79) estimates the
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average percentage of the flow through Golden Gate as follows, when all marshes
are Jeveed:

MARSH LAND AREAS—AVERAGE VOLUME FLOWING THROUGH
GOLDEN GATE EXPRESSED IN PERCENTAGE

Per Cont
San Pablo Bay marshes and Napa River...... ¥1.95
Suisun Bay. *1.18
5 Delta — F1.04

73.33

San Joaguim Deltaaa
Net effect on Golden Gate flow...... WL S

® Means decrease in tidal fow through Golden Gate

T Means increase in tidal flow throvgh Goiden Gate.

Second, Change in Time of Arrival of Floods: The cffect of levecing upstream
from tide lands has been to decrease the storage in basins and to increase the rate of
travel of floeds toward tide water. Under natural conditions the basin arcas filled
with water in flood time and slowly released this water in late summer, maintaining
the flow well into the period of low water.

Mot of these up-river basing have been leveed and floods run through the river
channel and by-pases to the ocean with very Jittle retardation by storage, There is
no stored water from these basin: to maintain low flow, quently the low flow
reaches the tidal channels earlier in the year than under natural conditions,

The effect of this reclamation work upon salt water conditions has been very
pronounced. In the period just prior to 1918, some of the largest reclamation
districts were leveed, Sutter Basin being a netable example. Prior to this closing
off from flood flows these basins retained large velumes of water, sometimes until
the middle of summer, the water slowly draining back intw the channel, Nowadays
instead of delivering water to the channel, water is taken from the channels for irri-
gation during summer months, Drainage returns a small part of the irrigation water
directly to the river.

Return secpage from irrigation has had the effect of increasing the low water
flow in the Sacramento. Stafford, in publications of the Division of Water Rights
(Biennial Report November, 1924, page 133; Sacramento-San  Joaquin Water
Supervisor’s Report 1926, page 83) eslimates the water returned o the Sacramento
River as follows:

WATER RETURNED TQ SACRAMENTO RIVER
(INCLUDING ALL ACCRETTONS)
Flotw in Second Feet

1924 1925 1926
June S 879 . 2280
July 734 1624 1573

783 1320 1240
634 1310 1077

763 1174 1543
Dredging, particularly in the Sacramento River, near its moath, has had the
effect of increasing the water prism, bat the probable effect upon tides through
Geolden Gate is to decrease them. The dredging work is so far upstream as to be
on the tidal movement opposite to that in the Golden Gate.

No comments
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The deepening of the channel has, further, the effect of permitting the decp
flowing salt water to pass upstream with more ease through the deep channel. A
like effect will probably result from decpening of Suisun Bay and the San Joaquin
River to Stockion, a navigation project awthorized by Congr

It is not possible ro measure these efects, but it is well established that salt
water being heavier moves along the bottom of deep channels with greater case

=

than over shallow onet.  Any deepening of channels or ghtening of approach
throngh dredger cuts has the tendency to facilitate the movement of the deeper
waters.

Irrigation and Storage of Water in the Sau Joaguin Valley,  Ireigation in
San Joaguin Valley has had an effect upon tidal conditions and the movement of
salt water in two ways: first, by diverting and storing water during flood period, and
second, by increasing the flow in Jate summer and fall months through return
seepage.

A much larger utilization of water resources has taken place in the San Joaquin
than in the Sseramento Valley. Rainfall is Yighter on the floor of the valley, so dry
farming has been Jess profitable and there is greater necessity of irrigation. All
streams tributary to the bay are pow completely diverted during the Jow flow period
and no water enters the tidal channels except return flow.  This condition has been
true for over ten years.

‘The following brief description of the streams and the jrrigated area will show
the extent 10 which the water y has been put to use.

Upper San Joaguin. The upper San Jeaguin enters the valley floor at Friant,
The mean annual flow of the am at the valley’s edge averages 2,050,000 acre
feet. Starage above this point, built by the San Joaquin Light and Pewer Corpora-
tion and the Southern California Fdison Power Company under contract with
riparian owners and appropriative usess of water, amounts to 330,000 acre feet,
Other storage reservoirs have been planned, Lands ivrigated from the stream lie on
both sides of the river and aggregate 400,000 acree, The diversion capacity of the
ditches, doughs and canals in vse is very Jarge,

Above the Merced River, canals, ditches and sioughs with control gates have

=& capacity in excess of 7,000 tecond feet, Sloughs and channels nsed for wild
fooding increase this diversion capacity to in excess of 10,000 second feet.  Below
the Merced, a number of pumps take water from the river to West Side slope,
Diown to Paradise Dam, about the head of tide water, these diversions total in exces
of 300 second feet,

All water entering the valley is diverted in late sammer. The San Joaguin is
dried above the Merced for three or four months a year, Return secpage commences
t0 “make” about the mouth of the Merced. Below that point there is always water
in the channel, except for short periods of time, just below some of the lger
pumping plants.

Freme River. 'This stream has & small watershed arca of Jow mountaing with
2 mean annnz) fow of 68,000 acre feet. The entire Jow flow s utilized around
Madera and toward the San Joaquin, No return teepage makes from this area, as
pumping plants have lowered the ground water plane and probably intercept nearly
1he entire ground water fow.

-
Chomehitla River. This stream has abont the @me area and topographic
conditions in its watershed as has the Fremo. Tt mean flow approximates 68,000
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acre feet. All low fow is utilized. Pumping has been heavy on its lower course. - n/a -
No return scepage makes from this area,
Merced River, ‘The Merced Irrigation District and riparian lands lying above
the junction with the San Jorquin wtilize all low flow. The Exchequer Reservoir
of the Merced District, with a sterage eapacity of 278,000 acre feet, controls the
stream except in wet years, The power plant at the dam delivers water into the
river, when water is plentiful, in excess of the district’s diverting capacity, Water
always passes the distriet’s headgate for use of lands lower down on the Merced.
The mean fow of the stream is 1,330,000 acre feet. Return scepage niaintains a
continuous flow at the mouth of the Merced, the water coming from both the Tur-
lock and Merced sides of the river. This return flow now amounts to 80 to 100
second feet in summer months and there are indications that it is increasing. Pumps
along the Merced utilize a part of this return flow.
Tuotumme River. The Tuolumne drains a high mountain area and has a
mean aanual fow of 2,055,000 acre feet. Three irrigation districts—the Water-
| ford, Medesto and Turlock, with a total area of 276,783 acres—divert water at
| the LaGrange Dam, Three storage reservoirs with capacity of 366,000 acre feet
| are operated by these districts, The City of San Francisco has rights on the upper

watershed for water for domestic uses and has built reservoirs of capacity of 231,000
| acre feet. A conduit of capacity of 620 second feet is under comstruction. San
Francisco has control of other reservoir sites and proposes, uitimately, to divert 400
million gallons daily (620 second feet) from the watershed. To do this, storage
of about 850,000 acre feet will be required.

Return seepage in the Tuolumne, at its mouth, resulting from irrigation now
amounts to from 250 to 350 second feer constant flow. Additional secpage from
these irrigated areas appears in the Merced, the Stanislaus and San Joaquin rivers.

Stamitlans River. The Stanislaus River——mean annual flow 1,376,000 acre
feet —is under storage control for both power and irrigation. Poewer reservoirs
with capacity built or being built of 172,000 acre feer, high on the stream, increase
the Jow fow, but this water is restored in reservoirs or diverted by the South San
Joaguin and Oakdale irrigation districts. These districts, with, an area of 145,348
acres, have in Melones and Woodward reservoirs a storage capacity of 148,000 acre
feet.  All low flow is diverted, Return scepage in the Stanislaus River at its mouth |
(coming in part from the Modesto District) now varies from 100 to 160 second
feet constant flow. An additional amount enters the San Joaquin River.

Return Flow in the San Joaguin River. Return seepage in the San Joaguin
River from the mouth of the Merced to Durham Ferry (just above tide water) now
amounts to 2 continuous flow of from 600 1o 1,000 second feet. About 304 zecond
feet of this water i3 diverted above tide water by pumps irvigating West Side lands,
Additional pumps recently installed or in process of installation and pumps divert-
ing from the tidal portion of the stream have a combined capazity of between 750
and 800 second feet. In the peak of the irrigating season these West Side pumps
divert practically all of the visible flow in the San Joaguin River. The delta Jands
and islands are dependent upon ground water flow and such water as flows down
the Calaveras, Mokelumne and connecting sloughs from the Sacramento River.
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I" RESULT OF IRRIGATION AND STORAGE
ON SALT WATER PROBLEM
Summarizing former statements upon the effect of irrigation and storage upon

the flow of silt water in the lower river and upper bay region, the following may
be waid:

1. Under nataral conditions the boundary betwees salt and fresh water was .

Carquines Straitz,  In late summer, Suisun Bay became brackish but salt water
penetrated as far as Antioch only rarely and then for but a few days’ time,

2. 'The combined effects of irrigation and diversion in the Sacramento Valley
have been to reduce the flow entering tidal waters to a small fraction of the flow
under natural conditions, In 1924 the flow at Sacramento was about 720 secend
feet and was below 1,000 sccond feet for in excess of 2 month, In 1923 the flow
at Bacramento reached a minimum of 2750 second feet and was below 3,000 for
nearly a month. In 1926 the flow of the Sacramento reached s minimum of 1200
second feet and was below 2,000 for over 2 month,

3. The late summer flow of the San Juaquin—all return page—has been
below 1,000 second feet in all years except 1927, The capacity of pumping plants
irrigating West Side lands exceeds the inflow nearly every summer, so that, so far as
visible flow in the San Joaguin is concerned, all of the late sammer inflow into tidal
channels is used on West Side area. The delta Jands now must obsain their supply
from the water stored in channels or which flows underground, or
veras, Mokelumae, and slovghs connecting with the Sacramento Riv

4 The wse of water by the delta lands on both San Joaquin and Sacramento
rivers has not been accurately determined. The area irrigated amounts 1o 360,000
acres, 1f this arca consumes 134 acre feet of water per annum, of which 20 per
cent is used in = month, the consumptive draft will be at the mte of 2100 second
feet. This quantity excceds the low fow in years of Jight rain.

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

Salt water conditions have been -under observation by the Division of Water
Rights of the Department of Public Works since 1917, Results have been pib-
lished in the anwual reports of this Division. Earlier records of much value in the
study of the problem are those of the California-Hawaiian Sugar Company, referred
to carlier in this report, covering the period from 1908 o 1920, In 1920 the
Sugar Company obuined a supply from the Marin Municipal Water District at San
Quentin Point, approximately 15 miles from Crockett.  Since then, when the
distance traveled upsiream w0 fresh water is less than 15 miles, the water is taken
from the river; when the distance exceeds 15 miles, the Marin County water is used.

A number of other mvestigations of salt water conditions have heen calleeted
at various places and are of help in the determination of the changes which have
taken place in recent years, Among these records are thete collected by Mr, William
Pierce north of Suisun Slough, on the north side of Suisun Bay; records for a shen
period by the Pacific Portland Cement Company at Suisun, showing sl of
Suisun Slough; records by the Great Westera Electro Chemical Company at
burg, extending from 1916 to date, giving solids and chlorine in the river
er; and information collected ar various e in the investigation of witer
ics by the City of San Francisco, the City of Richmond, and the Fast Bay
Water Company. A large amount of information from these various sonrces has

No comments
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been obtained and is helpful in interpreting the changes which have taken place and
in formulating a fairly accurate conception of conditions in the past and what may
be expected in the future,

Attached to this report is 2 chart of the region, the base being photographed
from the Annual Report of the Division of Water Rights, On this chart red
lines have been placed showing the penetration of salt water during the months of
June and September, 1924, Similar chares for other years show that in every year,
salt water has penetrated to a point beyond Antioch on the San Joaquin River and
Collinsville on the Sacramento, and that in vears of low fow, such as 1918, 1920,
1924 and 1926, the extreme limit of slt water penetration has been well into the
delta region.

The year 1927 is one of approximately 100 per cent runoff in the streams
tributary to San Francisco Bay, In this year salt water reached the middle of Suisun
Bay in June, was approximately at Collinsville and Antioch in July, and during
August and September had reached ly to on the
and the lower end of Jersey Istand on the San Joaguin River.

Stream flow records show that approximately one-third of the years arc in
excess of 100 per cent runoff and two-thirds of the years below that figore. This
gives, roughly, an approximation of the period of time in which salt water conditions
will be worse than in 1927 and the period in which better results can be expected.

For practical purpases, a period of thirty days or more would be detrimental
to either irrigation, domestic use or supply for industrial purposes,  An examination
of records in more detail indicates that, under the conditions now existing, in
practicaily all dry years salt water will reach the lower end of the delta for at least
2 month's time, and that in two-thirds of the years watcr will be in the lower delta
region in excess of a month’s time or a; much a¢ three to four months.

The areas of delta Jand within the salt water fow are shown in the following

table:

Approximate Area of

Stream Flow Delta
in Per Cent, Pencteated by
Mormal Salt Water
1924 - - 24 165,000
1926 . 58,000
1923 8,500
1927 . 5,000

PROSPECTIVE CHANGES IN THE FUTURE

Storage of water for power purposes and diversion for irrigation and domestic
1zt in the watersheds tributary 10 the bay are steadily increasing, The rato of in-
crease of the irrigated area it not so rapid as during the decade 1910 w 1920, but
there is a steady, continuous growth and plans are on foot for large increases in the
use of water through new projects and through the extension of irrigation on old
projects.

As illustrating the extent to which conditions are changing, reference may be
made to the growth of the San Joaquin River basin since the year 1920, a period
ordinarily regarded as one of stagnation in irrigation development in California.
Since 1920, the Southern California Edison Power Company has constructed and
placed in operation the Florence Lake and Shaver Lake Reservoirs on the San Joagquin
River with a storage capacity of 203,000 acre feet, This stored water will be

No comments
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ed anad used as fast as e B released for power purposes by the agricultural
above the month of the Merced.

On the next stream, the Merced Trvigation District has builr a storage reservoir
ol 278,000 acre foot capacity and has approximately trebled the area in irrigation in
1920, The disrict is rapidly growing and the entire irrigable acreage in the total
of 189,000 acres will be all in cultivation within a fow years.

On the Tuolumne River, since 1920, the Modesto and Turlock Irrigation
Distriets h built the Dom Pedro Reservoir of 290,000 acre foot capacity, and
both districts have extensively increased their irrigated arca, The growth is steady,

The Waterford District has acquired rights wo use the water of the Yosemite
Puveer Company, which formerly delivered approximately 60 cubic foet per sccond
into the Tuelumne River below LaGrange Dam, further reducing the stream flow.,

Since 1920 the City of San Francisco has built Lake Eleanor and the
(¥Shaughnessy Dam, storing 231,000 acre feet. The water released from these
reservoirs has not yet been diverted from the watershed but it has been picked up,
at Jeast during the summer period, by the irrigation districts, and no water except
return seepage has fowed into the Tuelumne River during the summer and early
fall months,

On the Stanislaus River, the Melenes Dam has been built by two irrigation
districts in cooperation with the Pacific Gas and Flectric Company, and the Jate
summer wse of water has been very much increased.

In addition the Power Companies have now under construction Salt Springs
Reservoir an the headwaters of the Stanislaus, with the intention of ultimately
raising this to storage capacity of 130,000 acre feet, This water when relensed will
be caught by the Melones and Woodward reservoirs lower on the stream and utiljzed
during the Jate sammer,

The East Bay Utility District has now under construction the Lancha Plana
Reservoir site on the Mokelumne River, 2 reservoir of 200,000 acre foor capacity
and has completed a pipe line from the Mokelumne 1o the Fas Bay district of a
eapacity of 60 million gallons daily (90 second feet). The water to be diverted
by this Unility District will be taken out of the watershed and there will be 0o
return flow from it

In addition to the reservoirs and increased irrigated area on the east side of the
San Joaquin, several pumping plants have been built Jifting water up the West
Side slope for the irrigation of high lande.  Important among these are the Banta-
Carbona lrrigation District, approximately at the head of tide water, which com-
menced irrigating in 1925 and now has 4 pumping capacity of 220 cubic feer
per cecond.

The Burkhart Ranch further south has installed a pumping capacity of about
50 cubic feet per second since 1920, and a smumber of other districts and appro-
priators of water have increased cither the sive of their pumping equipment or
the extent of their use, so that at the present time the capacity of the pumping plants
irrigating West Side lande exceeds the fow in the San Joaquin River at the place
where tide water is reached.

Further extension of this irrigated area
now engaged in preparation of plans
mately 300 second feet from the river.

Sxtension of area tupplied by pumping from wells hae been going an atthe
zame time.  In Fresno, Madera, Merced, Stanislans and San Joaguin counties,
hunddseds of pumping plants have been installed since 1920, al} drawing from water

in progress and one new distrier is
hich will result in the pumping of approxi-
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which, under natural conditions, would have its outlet to the sea through the San
Joaquin River. It is impossible to accurately estimate the effect of this withdrawal
of water upon the siream flow or the underfliow to delta areas, but, If it has not
already done so, it will at some time affect the flow by reducing the quantity of
water which reaches the stream from underground sources and affecting to that
extent the Jate sommer discharge into tidal waters.

Irsigation development has not been so pronounced in the Sacramento water-
shed tince 1920, There are a large number of irrigation and reclamation enterprises
in the Sacramento Valley which have irrigation systems of a capacity larger than the
irrigated arca. There is, in addition, a large area of land still devoted to grain,
rice, sugar beets and other gencral farm crops, which goes in and out of cultivation
25 cconomic conditions vary, The years when grain prices arc high, large arcas of
grain go into cultivation, & portion of which is irrigated. With praspecis of low
prices for grain other crops are planted, some of which use more water than daes
grain. The most noticeable efect on the water supply, however, is the increase and
decrease in the rice crop. The area irrigated in rice since the industry became
stabilized varies from 130,000 to in excess of 200,000 acres & year, and in years of
Jarge crop the effect upon the water supply is very noticeable,

Although no large new enterprises have been built in the Sacramento Valley in
recent years, the increass in irrigation in the older districts has been steady. ‘The
area devoted to orchards, to alfalfa, and to general farm crops requiring 1rrigation,
steadily increases. The result has been continued drafts upon the supply from the
river and to gradual reduction in the toral flow downstream from the main culti-
vated section. The reduction in flow, to some extent, has been controlled by the
operations of the Division of Water Rights through the Commissioner appointed
to superintend the diversions from the and San Joaguin rivers, The
principal cffect of the work of the Commissioner has been to reduce the waste of
water, to encaurage cconomy and to endeavor to keep the flow at Sacramento as high
as possible, both for purposes of navigation and the use of delta Jands,

Return secpage and waste from the lower ends of the rice irrigation canals have
to some extent ameliorated the extreme Jow flow conditions experienced in 1920
and 1924, but the steady increase in irrigated area goes on each year. The total
quantity of water which passes out of the vallay in late summer is slowly but surely
decreasing.

There is nothing 1o indicate any change of conditions in the immediate future.
Irrigation has reached neatly stable conditions on the upland arcas of the San Joaquin
Valley, largely because the streams are nearly developed to their full capacitics. On
the Sacramento River, however, large areas of fertile land under irrigation systems
built to supply them with water are certain to be placed in crop and incresse the
use of water. The result will be a steady depletion of the stream and an increase
of the salt water menace.

Salt water conditions such as have d in the Jower delta since 1918 have
become permanent and will net be improved until some additional water supply is
turned into the river during the low flow period, or unless a barrier is built to
prevent the approach of salt water from the ocean. Ic is difficult 1o conceive a set
of nataral conditions that would change this situation. We have reason to expect
years of heavy runoff to follow the long period of dry years since 1917, but a
review of the past does not lead to the belief that summer water supply can be
increased to such a point that any appreciable effect will be experienced by the delea
region and industrial area.

No comments
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EFFECT OF SALT WATER ON DEVELOPMENT - n/a -
The industrial and agriculteral aress along the wpper bay and lower river
region came. into being before there was any serions thought of the salt water
problem, in other words prior to 1918, for that was the first year in which the
encroachment of salt water was serious and over a long period of the year. Since
19138 there has been no large increase of cultivated land in the delta region and
few new indwstries of importance have been established in the industrial arer. There
has been, however, a steady growth in the industries already established.
The effect of salt water upon the varions users of water will be discused
the following paragraphs,

Agricelture.  Water ta be supplied for agricultural purposes must be free from
large quantities of soluble matter, The upper limit of concentration safe for use
depends upon the soil, crop, rate at which it has been used, drainage facilities, and
to some extent upon whether fresh water is available at other times in the vear for
leaching purposes. The determination of the safe limit is, therefore, 2 matter of
considerable difficulty, as it will vary as these factors differ,

For the purposes of this report, however, it is fair to asume that water con-
taining 100 parts of chlorine per F00,000, cquivalent to 160 parts of swodinm
chloride or common salt per 100,000, is the upper limit of mfcty; since the water
containg other salts the twal silinity of water containing 100 parts of chlorine will
vary from 175 to 200 parts per 100,000, Water of this degree of salinity is not
- safe for use, except where precautions are taken to provide good drainage and to
a continue Jeaching the water through the so0il 2o thar there is no sccumulation of
salty matter.  Such water may be used with safety on light wils where drainage is
it good and the wse excessive, and is not harmful where ued accasionally during Iare
: summer, One-half of this quantity, or 50 pares per 100,000, is much safer for use
and waters of this degree of salinity conld be used with comparative safery.

The records quoted above show that in years of extreme low flow, waters of
100 parts of chlorine per 100,000 will penetrate into the delta region to points
beyond Rio Vista on the Sacramento, and to $tockton and beyvond the mouth of
Middle River on the San Joaquin, During some part of the summer approximately
ane-half of the delta area will be surrounded by salt water.

Thie condition has several results: First, it renders questionable the irrigation
of permanent crops, particutarly such crops as are sensitive to salt; second, it has a
tendency through the percolation beneath the levees of sub-irrigating the adjoining
Jand with saline water; third, it reduces the value of lands through the fear of
salinity; and fourth, it adds expense and uncertainty to the question of domestic
supply, for on most of the delta the river is a source of domestic warer,

The net eifect of this condition 15 to render agricalture uncertain in the delta,
to reduce the value of land, and to create 2 menace which will reslt in the
destruction of the Jand by the accumulation of sale,

AREA OF AGRICULTURAL LAND AFFECTED BY
SALT WATER BARRIER
The area of agricultural land affected by the salt water barrier s taken as:
1st—The area of marsh land lying practically at sea level. -,
2nd=—The area of land up to elevation 150 above sea level ; an elevation
to which pumping has been carried with success.
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‘These arcas may be subdivided into geographic regions as follows:

1st—The area around San Pablo Bay, between Carquinez Stiait and the
site of the San Pablo barrier.

2nd—The area around Suisun Bay, that i, from the mouth of the river

at Collinsville to Benicia.

3rd—~The delta area or region upstream from the mouth of the river.

4th—Irrigated or irrigable lands above the delta,

Sen Pablo Bay Area. A large area of marsh Jand lics along the west and norch
shores of San Pablo Bay. At present a large part of this area is in proces of
reclamation. Much of it is growing grain crops or pasture, but little of it is irri-
gated. The surrounding waters are salty at nearly all times of the year. Fresh
water fills the sloughs and bay during fleod time, a period becoming shorter cach
year. Ground water of good quality has not been found and there is litde Jikeli-
hood of its ever being obtained, as deep wells have been drilled in many places.

Much of the land is yet salt and all of it is influcnced to some extent by the
salt in the bay, and the reclamation by using rainfall alone to wash out the salt is
siow. The presence of fresh water surrounding the area would permit much more
rapid reclamation and would make it possible 1o bring into profitable agriculture
nearly this entire arca.,

Gurrounding the marsh area is an area of high ground nearly as large, all of
which is now enirrigated. This marginal area could be all watered and made
available for many different crops by fresh water from San Pablo Bay and tributaries
if this bay were kept full of fresh water. Novato, Petaluma and Sonoma Crecks
and Napa River all penetrate the marsh Jands and extend 1o high land; they would
make fresh water available for the adjoining high ground and enable pumps o
supply small units or Jarge, depending upon the physical conditions.

1t is to be expected that at some future time all agricultural Jands in California
will make use to some extent of irrigation water where such is available. Lrrigation
in the coastal Lelt has not advanced as rapidly as in the interior valleys, because
owners of such land can grow profitable crops without artificial watering. Maximum
vesults can be obtained only by irrigation and it is but natural to expect water to be
in demand at some future time,

The San Pablo Bay arcas which may at some time become interested in irriga-
tion are all arcas where climate and soil are acceptable to agricultural pursuits. The
region is close to centers of population; transportation facilities are wsually good
or easily improved ; it is one where inereased population is certain. The availability
of fresh water in the bay and tidal sloughs will serve to stimulate this growth,

Lands so situated, close to tidal waters and centers of population, are likewise
attractive to industries.  As the San Francisco Bay region grows, mare and more of
the territory adjoining the bay will change from agriculture to industrisl or resi-
dential property. With a water supply attached to it, the change in use becomes
easier, for the amount of water required for agriculture supplies the needs of
residential or industrial occupation.

Carguinen Strait, Carquinez Strait—714 miles long—extends from Suisun
Bay to San Pablo Bay. High hills with only small areas of flar Jand bound the
strait,  The opportunities for extensive developments for wse of water in this
territory are limited by the topagraphic conditions. Industries already occupy much
of the available territory and the emall valleys, particularly in Contra Coste County,
are now filled by towns, the population resalting from industrial, transportation and
commercial enterprises along the waterfront.

No comments
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it filled wi lal fluctations and currents are

H the sr Iv fresh water and
deereated, the more complete cecapation of all available ground will be possible.
At the present time growth is restricied by water sapply.  Martinez, Port Costa
and adjoining tervivory obtain a part of their water from wells at Concord, 12 miles
away. The sapply from ground water i¢ limited. Large additions to this supply
are impractical,  The Sugar Refinery at Crockett has barged water from the river or
b the Marin County shore at great cost for many years,

On the north side of the strait, the town of Benicia has & small water supply
but cannot increase this supply very much without great expense,

Stiswre Bay Avea. Marsh lands adjoining Suisun Hay twotal 70,000 scres.
Immediately adjacent to these marshes 3¢ an area of 93,000 acres of higher land
switable for agriculture but not now irrigated,  Frosh water in Suisun Bay would
make it possible 1o convert this area of dry land to irrigated arcas of high value,

The marsh area of Suisun Bay is all practically at sea level, Much of it is
salt marsh or at least contains enough salt w interfere with some kinds of agriculture,
A large part has been leveed and wrilived for pasture, but with unsatisfactory drain-
age, and salt has accumulated.

Fresh water in the surrounding tidal channels and freedem from daily tidal
Huctuations will permit the leaching of this land and make the reclamation of it
practical. The land is inherently fertile and will become very productive when
leached of salt. The works to accomplish this are simple in character and the
aperation is simple and certain of success,

If frech water is made available, there is little question bot that these marsh
Jands can eventually be made as productive as the delta lands of the Sacramento and
San Joaguin rivers further upstream.

The high ground above these marsh areas and which may be watered by prac-
tical Lifts our of tidal channels includes the Jower parts of Green Valley around
Cordelia, the lower part of Seisun Valley, now highly developed to deciduous
fruits, and the region from Suisan o Denverton.

South of the bay the lower parts of Walnut Creek and Ignacio and Seal Creek
valleys may be reached with Jow pumping lifts. These valley Jands are now in part
planted to frujts and the agriculteral possibilities of the region have been demon-
strated.  Irrigation water cannot be obtained for these areas from any other source
known at this time.  Wells are of anall yield and wncertain life. Storage reservoirs
o these streams may be possible but none is known except small ones, and these will
sarve omly small Jocal areas,

The most important difficulty s the extremely erratic nature of the runoff
{rom this area. Ja wet years floods are heavy, but in years below normal precipita-
tion the runofi may be very limited, often negligible. Storage to be dependable
must hald water over two or three dry vears, an impracticable condition for agri-
culture except in very limited aress. The greater pare of the area will remain un-
irrigated uales: some cheaper, more dependable supply of water is made
A salt w rrier will place fresh water at points where it can be readily of
by practical developments,

The Defte Region, “The delta region, affected by tide levels, extends a¢ far
up the San Joaguin River a2 Duncans Ferry (6 miles below the mounth of ¢
Stanislans River) and up the Sacramento a short distance above the City of Sacra-
menio,  The distance from the mouth of the San Joaguin o the head of tidgawater
by river is 77 miles; to the head of tide water on the Sacramento is 36 miles.
Between these extremes are many miles of tidal channels and slovghs affording
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access by boat to nearly all parts of the region, and by relatively short dredger cuts,
making it possible to deliver tidal water at the cdge of high ground,

This region includes 367,000 acres of land, cither marsh or swamp and over-
flow, and 91,000 acres of high ground immediately adjacent to the marsh on the
west side of the valleys, ‘These total 458,000 acres.

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

The Up River Cosntry. The entire irrigated area tributary to Suisun Bay is
to some extent interested in the salt water problem. At the present time a suit i
before the Superior Couwrt of San Joaquin Valley, between riparian wsers and
appropristors in the delta region and 443 defendants on the streams above the delta,
This mit involves nearly all of the large users of water, both for irrigation and
power, on the stream. Much other litigation is in prospeet, The outcome of this

sy cannot be f but it js impossible to predict anything but scrious
complications and nearly endless difficulties no matter which i the courts
may take,

Should the outcome of the present suit be that tide water lands have no
riparian rights upon waters of the streams, in excess of one-half of the present delta
area will be periodieally surrounded by salt water. The agricultural industry will be
affected and the salt water menace to these lands will become permanent. The final
result will be disastrous to a very large arca of Jand which has been the most uni-
formly productive land in the state. The continued storage and use of water above
tide level and the increase in pumping to high lands around the tidal area will
canse salt water to enter the rivers in all years, and at times the greater part of the
tidal waters will be contaminated with salt from the ocean.

Should the courts take the view that owners on tidal waters have riparian rights
to the flow of the stream, a great deal of very valuable land now uvsing water must

1l release the water which has herctofore been used and a tremendous damage to higher

il areas will result, The release of waters may affect salt water conditions to some
extent but it is impossible to conceive a condition in which enough water will be
released to push hack salt in years of light runoff,

As is shown later in this report in the chapter on “Storage and Release for
Control of Salinity,” the plan under which this proposal has been made does not
look practical as a means of taking care of the irrigation problem of the delta,
Furthermare, it leaves out of consideration the entire industrial area that lies just
below the delta.

Power Companier. Two power companies supply the industrial region—the
Great Western Power Company and the Pacific Gas and Electric Company.  Both
companies have an interest in the salt problem in two ways: The market for power

‘ is the first and must apparent interest the power panies have in this problem in

that the maintenance of the present industrics and their growsh in the fuwre affect
the income of the distributing companies.

In a later chapter a statement of the approximate use of power for industrial
and domestic purposes is included. The rate of growth of power sales indicates a
steady increase in industrial activities. The more rapidly these factories grow and
the more new factories there are installed, the better will be the power companies’
incomes. A potential industrial territory offers opportunity for a very Jarge increase

No comments
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in use of power and the encouragement of these industries is 2 legitimate function
of power companies. :

The second way in which these companies are interested is the question of 1
Iitigation mentioned above, The Grear Western Power Company and the Pacific g
Gas and Eleciric Company and subtidizry companies, such as the Sierra and San i
Franeisco Power Company and Mount Shasta Pewer Corporation, are parties 1o the
suit previowsly mentioned. ln addition to them the San Joaguin Light and Power
Company and Southern California Edison Company, both developers of power on
the San Joaguin River, are included, and the Modesto aud Turlock, Sonth San
Joaguin and Merced irrigation dist are included on acconnt of their storage and
uee of water on tributary streams,  The interests of these concerns, therefore, are
created by the direct attack upon their storage and use of water in the higher
watersheds.

Shouid the cutcome of this suit establish the riparian right of the delw land
owners, the power companies will suffer very seriowsly in consequence, by the
neeessity of either releasing water now stored or condemning the right to continne
the practice of controlling the flows,

Fishing Industry.  Under present diti with the Sacramento and San
Joaquin rivers apen to flow of tides, fish have frec access from the ocean to the
fresh water streams draining the Sicrra Nevada Mountains, Several types of com-
mercial fish are caught in these waters and other fish are important a5 food for the
commercial varieties, There has developed a considerable fishing and Ash-canning
industry along the bay and Jower river shore. The catch in river and upper bay
approximates 5,000,000 to 6,000,000 pounds & veare—largely smimon, shad and
striped base,  (Sec table.)

The Fish and Game Conmnission has in charge the maintenance of fishing and
the preservation and control of natural fish life, together with the propagation of
existing species and the introduction of new forms suitable to these conditions.

Plans for the salt water harrier provide for fishways o that fish may travel
upstream,  Fish will have free travel at such times as gates are opened and will no
doubt pass through the ship Jocks at all times,

‘THE FUTURE OF THIS REGION

The future of the industrial region en Carquinez Straits and Suisun Bay de-
pends upon the growth of population, California and other Pacific Coast states are
growing more rapidly than any other section of the United States.  There has been
for many years 2 constant inflow of people from the East and an increase in popula-
tion aleng the whole Pacific shore.  The cities of Leos Angeles, Oakland, San Fran-
cisco, Scattle and Portland have grown much more rapidly than is the average
growth of American cities,

There it no such rapid development anywhere in the country except the
industrial growth in the cities around the Great Lakes, where large manufacturing
interests have centered.  Aside from the City of Los Angeles, the rapid-growing
cities of the country have been the industrial centers. In the case of Los Angeles,
the industrial growth has been Jarge but the preat incresse in population arises, to a
Jarge extent, from the ateractive climate of this southern city.

Estimates of future population of the San Francisco Bay region have been made
by several organizations in studies concerning public wility matters. The gesalts
of three such studies are shown in the table following. The first, Column 1, is
the estimate of the population of San Francisco and East Bay cities made in connec~
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tiom with studies of Trans-bay bridge; Column 11 s an ¢stimate of the metropolitan
digtrict, taken ag San Francisco, Alameds, Contra Costa and San Mateo counties, by
the Telephone Company; aml Column 11T the estimate of population of the East
Bay Municipal Utility District by that organization. Fach of these estimates indi-

cates that the population will double in about 25 years,

ESTIMATES OF GROWTH OF POPU
L

San Francisco

YEAR and Trans-bay
Cities
1910 SRR
1913 760,000
1920 850,850
1026 Lo 976,000
1930 . 1,100,000
1935 1,250,000
1940 1,400,000
1945 1,577,000
1950 1,750,000
1960 =5

Il

summarized below:

1.

San Francisen

Metropolizan
Ixistrict

686,873
891,477
1,329,200

1,856,700
2,172,000

LATION

L

East Tay
Municipal
Uity
Distriee

229,404
330,348
301,000
702,000

948,000
1,230,000

Estimate of population San Francisco and Ease Boy cities by Board of Engineers Trans

Bay Bridge, San Franciseo, May, 1927,

Pacific Telephone & Telegraph Company—estimate by Rebest W. Bachelor, includes San
Franciseo, Alameds, Contra Costa and San Mateo counties, April, 1925, Published in

“San Francisco Business” April 17, 1925,

Eust Bay Municipal Utility District, Annial Report 1925,

page 7.

Contra Cesta County has grown at a more rapid ratc than the Bay region @ a
whole, Census figures for the countics around the bay are shown in Table 4.
Contra Costa’s growth as compared with ather bay counties’is shown below:

Subdivision Population
af 1920
State
£ LT —— 3,420,861
Alameda County - 344,171
Contra Costa..... 53,889
Marin .. 27,342
Napa ... 20,678
Sacramento 91,029
San Francisco........... 506,676
San Joaquin SRS L 111
Ban: MAICO evicsaismtiomsmmnmemsmimmsmsees  3803 08 |
T T — - 40,602

Increase Increase
1010 ta 1920 1900 ta 1920

Prer Cent
44
+
70

9

L

Ty Cent
130
164
198

74
26
98

69

Recent figures 1o show increaze in population are shown in Table 5, in which
are given the school enrollments for years 1913, 1921 and 1927. *f‘hca: are

No comments
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SCHOOL ENROLLMENT - n/a -
BAY SHORE DISTRICTS—CONTRA COSTA COUNTY

Trer Cent Tuer

o SALT WATER PROBLL

FRES an 1927 1013-21 1915.27
Elementary School: sn20 7262 118 43 a2
High Schools..... 510 1057 1586 103 20

Totals...........

Inerease....iconsaicnns

8299 10,704 50 94
S {11 3050

Popudation Groweh wnd [ts Cyeles,  California, in common with other states,
is going through a readjustment of population distribution and kind of sceupatior
A comparatively few vears ago the greater part of our population was engaged in
agriculture; today manufacturing and mechanical industries accupy more people
than agricuiture.  In 1920 agricelteral pursvits (including forestry) occupied 18
per cent of the wage earners of the state a2 compared with 2834 per cent engaged
i manefacturing and mechanical industries. Today the pereentage engaged in
manufacturing iz higher and increasing a1l the time.

Smdents of population growth recognive cycles of growth which, for cerain
reazons, start slowly, grow rapidly and decline slowly, California has gone through
wo cveles of growth—mining and agricultural-—and is now entering upon a third
cvele—industrial,

The gold rush commencing in 1848 caused the first rapi n
tion after California became a part of the United Stares, g gradually
declined in importance, agricwlture attracted many people and @ great increase in
population occurred.  Agriculture ceased to make rapid growth in 1912 and sinee
that poriod manufacturing and mechanical trades have been the principal seurce of
increase in population.

There are teveral reasons for present eonditions:

1. Agricultore has been depresed since the deflation period of 1921, Coats
are #till high and the sale price of products has not entirely recovered.  Profits have
been low.

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

3. Farming it more and more becoming purely mechanical; the same area of
land ean be farmed now with fewer m “hi

This releases men for ather occupations
and reduces the number of men trained in farming operations—the potential buyers
of farms.

4. Freight rates nereazed during the war and added greatly 1o cost of placing
agricultural products in eastern market conters, At the same time the increzce in
freight has made it practical wnd pecesary for many manwfacturers to establish
bra

ches on the Pacifie Coast.
Since 1900, hydroelectric power and long distance transmi
to manufacturing centers have been made prs
for manufactoring has resulted.

6. Califomia, since 1900, has become a large producer of
il has enconraged manufacturing In many ways,

7. The Panama Canal and better

ion of energy
ctical and cheap, and dependable power

: cheap

hipping facilities hare made raw materials
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for manufacturing more easily available, and have made it casier w ship products of
manufacture to other markets,

#. 'The climate of the coast region of California has become recognized as
Being well adapted 10 manufactoring.  The cool weather, wniformity of seasons,
frecdom from freezing or destructive storms, have attracted workmen and capitalists.

The result of all this is that at present the growth of California lies around
industrial centers. We are now living in an industrial age. The future of the
state depends largely upon the rate and quality of this manufacturing and industrial
growth.

This does not mean that there is to be expected a decline in agricultural activity.
On the contrary the growth of cities and centers of industrial enterprises will
stimulate the growth in agriculture, Markets for more farm produce will result
{rom increases in industrial population, there will be a better market for the raw
products of manufacture which originate on the farm and the improvements in
transportation that will result from manufacturing will benefit agricules @
may expect the growth in agriculture to continue, but at a rate lower than during
the years prior to 1912,

Agricultural Extension Possible and to Be Expected. In the chapter in which
the region lying tributary to the upper end of the bay and lower river is described,
the statement is made as to the area of land which could be irrigated from fresh
water basin above the proposed sabt water barricr. These arcas are as follows:

AREAS IRRIGABLE FROM FRESH WATER BASIN
ABOVE BARRIER
Moarsh Upland Tatal
San Pablo Barrier
San Pablo Bay...ocooeeeces 31,000 48,000 99,000
Army Point Barrier

Soisun Bay . PP Sy 1 1] (1 93,000 163,000

Totals sbove San Pablo........ 121,000 141,000 262,000

Delta Region above mouth of river:
San Joaquin 257,000 38,000 315,000
Sacramento . 100,000 33,000 143,000
Grand Totalvicenesicirnaene 488,000 232,000 720,000

Qf this area, that above
Army Point is s s ERRDON 184,000 621,000

Of this area, approximately 360,000 acres are irrigated in the delt region.
The areas around Suisun Bay and en San Pablo Bay are surrounded by salt water
for s0 much of the summer that pasture crops alone are grown to a considerable
extent.

Following the history of growth of the coantry, it is reasonable to expect that a1
of the areas which can be irrigated from this fresh water basin will be irrigated and
cultivated as rapidly as the population and increase in markets warrant. The region
i close to markets, well supplied with transportation facilities, which will be hoth
by rail and water, has 2 climate suitable to a great variety of crops, and it would be
only natural that such areas would be put to use.

No comments
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Industrial Grozeeh to be Expected,  There is no posible way of predicting
what increase there will be in the industrial dc\c!upmtm except that it will be
Jarge and substantial in character. There are many basic industrial activities not
sepresented in this pare of the Pacific Coast—industries that will unguestionably
settle in this region when a fresh water supply is assured—and there will be 2 con-
i and more rapid growth of the ones already on the ground.

ery large industrial region of the world has developed at points where fresh
water is abundant and cheap, and where facilitics for handling of raw product w0
{factories and carry m.g the finished pm(iu(ts 1o m‘lli."EE are well catablished :m'i the

of the Pacific Coast, is l'm.- mlur:ul paim wh
fact that large eitics are ¢lose at hand, that tr 3
that power is abundant and c where pipe lines bring ml from the (‘.Lhds
fusther south, aad that the climate s an wnusually good one for a manufacturing
business, are all important,  1f there is added 10 these essential condlitions & Iugc
fresh water reservair, there will be no more favorable location for mum!‘.muumg
it ean be expeeted that the growth here will be as rapid a5 in any other part of the
countey and more rapid than has been true at any time in the past history of the
state or Pacific Const,

WATER REQUIREMENTS OF THE REGION

The present water requirements of the region are supplicd from many sources.
hmend, on the upper end of San Pablo Bay, is within the East Bay Municipal
rict, a public organization engaged in the construction of a warer spply
Sj"‘t(_]]l from the Mokelumne River. It is to be expected that this district will
purchase the distribution svstem of the East Bay Wate (..umpm) now serving the
territory, and that it will construet such additional facilities 75 i e be wqmu_d w0
supply industrial and domestic requirements of the territory. Water from this
<ystem will be costly, The charges of the East Bay Water C:Jmp:\n} average nearly
30 conts per 1,000 gallens.  Little if any reduction in cost can be expected from
the Utility District unless a part of the expense is raised as taxes,

The smalier towns, such as Martinez, Pore Costa, Be: , Bay Poing,
and i'~||sburg, obtain water either from wells or by j \umpmg from the riv
{resh water times, or by small storage 1 servoirs filled during flood or fresh water
season,  In all of these towns water is high-priced (the average price of water from
the Port Costa Water Company is about 27 cents per 1,000 gallone), usually of
inferior quality at least some time of the year, and there is no great cupply in sight
to take care of rapid increase in gruwih of p..upu].mon In fact the growth of the
territory outside of the Utility Districe mentioned is w 2 large extent restricred by
its water supply, The Utility District cannot serve the industrial plants on account
of the high cost of water,

The construction of a salt water barrier will effectively remove this deterrent
to growth, for it will place fresh water of good chemical quality 1]ongydc of all of
these sowns, and with the modern methods of filtration and mu—uh._mo\ the water
will be suitable for domestic or any industrial use. The cost of pumping will be a
small part of the cost of warer from any other known source.

The industries now establizhed between Oleum and Antioch, on both sides of
the straits, use 10 million gallons daily and the uee is increasing at the rate of a
million g‘\llnm daily per year. }"niargcnmm and extensions to these plants will
probably increase this rate of growth,
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| Prediction a3 to the future is hazardous, as much depends upen whether or not - n/ a-
a salt water barrier is built. “This structure will greaty stimulate growth of present
industries and will encourage the establishment of new ones, It is within the
bounds of reason to expect 100 million gallons daily to be used by industries within
the next 25 years.

Dowmestic Swpply for Cities and Towns. Water for domestic purposes is
higher priced in San Francisco and the Fast Bay cities than in any other large cities
of America, This high price results from the difliculty of securing water in quanti-
tics sufficient to take care of the rapid growth of these communities. The same 4
thing may be said of smaller cities along Carquinez Strais. Water for domestic !
use has been difficult to secure, the price is high, the quality is not good at all times.
There is no known way by which small communities can satisfactorily grow unless

the water supply is ample for the needs of their growing population, 1
As an example of this condition, the history of the Benicia Water Company
may be cited. This company has made a careful investigation of the posibilities of

securing water, has drilled wells for underground investigation, has considered
storage possibilities in the hills back of the town, and has finally been required to usc
river water at such times as this water is available, and to supplement this supply
with pumps. During much of the year the community is unable to mpply water of
2 good quality without great diffculyy. '
| On the south side of the straits the water supply for towns of Crocker,
] Martinez and surrounding territory is provided by the Port Costa Water Company,
| largely from wells in the neighborhood of Concord. Litigation has restricted the
| extent to which these wells can be utilized and this community will be faced with
the very large expense of going to distant points for a water supply if the growth
of the towns continues.

The town of Pittsburg is supplied from wells and, at seasons of the year when
the water is fresh, from the San Joaquin River. The limit to the availability of
underground waters is in sight and Pittsburg will be placed to great expense to
secure a water supply if the growth continues to be as rapid as it has been in the
past. §imilar conditions prevail at Antioch, where protraceed litigation called the
attention of the state to the difficulties of this community carrying out its plan of
pumping water from the river. Since 1920 Antioch has built a storage rescrvoir on
the slopes to the south of the city, into which fresh water is pumped during the
carly summer, and stored and used in Jate summer. The result is that water is more
costly and of poor qualiey for domestic purposes, largely on account of the taste of
stored water im open reservoirs in bright sunlight.

The entire industrial areas along Suisun Bay and Carquinez Straits may be said
to be restricted in growth on account of the fact that there is no easily obtainable
sapply of fresh water, The result has been a restricted rate of growth of population
and an increase in cost of water to those who are already in the community,

The salt water barrier, to 2 large extent, will remove these difficulties. 1f the
barrier is located at the San Pablo site, the entire area will be cared for. If it is
placed ar the Ammy Point site, the entire region upstream will be on a fresh water
lake, The industrial area below the upper end of the straits can then be supplied
from a relatively short pipe line heading above the barrier.

The reversal of flow, caused by tides at Sacramente, has endangeredr the cities’
water supply by causing sewage to back upstream. The barrier will prevent this
from oceurring, as it will raise low water at Sacramento and prevent upstream flow,
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SURVEY OF REGION AFFECTTD BY SALT WATER

The region affected by salt water includes the area frem the lower end of
Carquinez Straits upstream 1o Isleton on the Sacramento River, Wakefield Landing
on the San Joaguin, and Mansion Heuse on Old River. It includes Carguines
Straits, Suisen Bay, and approximately one-half of the delta on the San _]n iU in
and Sacramento rivers, San Pablo B-u iz of courte affected but slt water is more
nearly a matural eo dition in that Imd\ of water, Tadivect effects are experienced
in all pares of the watershed draining :hn:l.gh Carquines Straits and the Bay region
and cities which have commerce with these industrial and agricultural arens, The
problem, in fact, is one which interests al) of California, for the prosperity of this
industrial region and the prospective growth of this country in sone measure
affect the entire area engaged in agriculiure or trade in this part of the Pacifie Ceast,

The region directly affected by the recent invasion of salt warer includes the
cities and towns of Oleum, Crockewt, Port Costa, Martinez, Bay Point, Pitsburg
and Antioch on the south side of the straits and Suisun Bay, and Vallejo and Benivia
on the north side,  Salt water extends as far upstream as Rio Vista,

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

Trrdustries, The important industries locaed along the Straits af Carguines
and Suisn Bay are as follows:

INDUSTRIES
Left Bawks © Canguines Srrars P ot
1—Union Ol Company.......... srassstensecsmanonaesn CALRLIE
Refining, casing and bfll')pmj‘ },Ltlu]&.un\ pludm. 3
2—5Selby Smelting & Lead Company, O Selby
Branch of American Smelting & Refining Co.
Smelting and refining non-ferrons metals,
I e ———
Sugar refineries, largest in nu.]d 3,000,000 Ibs.
4==Trort Costa Brick Company. ek e
’\v‘!ale-s ﬂ{ brick, ete,
5—Grain W
Swring, cleaning, shipping- punnpalh. barle
6—Petroleum Products Company.
Petralewm products.

—Crockett

a da

Port Costa

Port Costa

Martines

F—Momnzin Copper Compan, SRR SO | | L] (..
Copper smelting and refining, fertiliners,
8—Sheil O} Cnsm;':m e e ~Martinez

(Jpen(ing railroad and ferries.

Right Bank:

10—Mare lsland Navy Yard
Repairs and construction of nava

H—5perry Flour Company. ... oo sl st ot L Wil leja

Milling of wheat and other gmrs

12—DBenicia Barracks and Amenal......... N - Benicia
U. & Army stores, s
13—Kullman=5alz Tanneryo. ... Benicia

Leather.

. 2010
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Suisus Bav
Left Bank: Town
I—Associated Ol Companye ... Avon
Refining and packing for shipment pctruleum products
2—Coos Buy Lumber Company. Bay Point
Manufactaring and wholesale lumber; largc storage 75,000,000
F. B. M
3—Pacific Coast Shi g Company. i ...Bay Point
Ship hm]dmg-—-stce.l and iron products,
4—General Chemical Company ......Nichols
Large manufactarers of heavy chemieals.
5—San Francisco & Sacramento Railroad Company. —

Most Impariant From Pimémg te Antioeh:
6-—Booth Cannery Compa PO SIS E RSP {1 1) 1)
Canners of fish, frmt and w:gc!wblcs.

7—Hickmott Cannery Company. Pittsburg
Fish, fruit and vegetablez.

8—Parafine Company ..ocece. Pittshurg
Paper board.

9—Great Western Electro Chemical Company.—.oooe —oocoivecnnss e Pittaburg

Diversificd heavy chemicals,
10-—Redwood Manufacturing Company. ...
Redwood pipes and tanks and other products

Pitisburg

11—Columbia Steel Company. gl Pittshurg
Steel products.
12—Pioncer Rubber Company-...... = Pittsburg

General rubber pmducu

13—H. W. Johns-Manville COmMPany.. . mmeeemseoermemmomsenscrnminn o oo Pittsburg
Magnesium and asbestos building specialties.
14—Santa Fe Railroad Company. oo oot e o an e tt
Industries in Richmond and along the shores of San Pablo Bay are as follows:
Left Bank—Relow Carquinez Straits: Town
1—California Cap Company....... —
Caps for detonating high axpluswcs.
2—Stuffer Chemical Company i e e b e Stege
Bulk chemicals from crude ores.
3—Metropolitan Match Company. i Stege
Matches.
4—Pullman Manufactaring Company. Richmond
General shops, repairs and construction of cars,
5—Santa Fe Railroad Company. . Richmond
General shops, repairs and construction of cars,
6—B8tandard Sanitary Mfg. Company i Richmand
Porcelain and enamel plumbing fixtores.
Distribution of other porcelain and enamel ware,
7—Certainteed Products Company. + wereRichmond
Roofing and paints. r
§—Republic Slcel Patkage Company. Richmond

Metal containers, principally drums for oil and gasoline.

No comments
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G—SEtmdard Ol Company..oovoommecemncns
I ing and shipping of petral pro 5

10—Philippine Refining Corporation Richmond Point
Refining copra and other vepetable oils.

11—California Wine Association
Formerly largest wi

Richmond Point

Winchaven, Richmond Point
world ; industrial alechol.

12—Giant Powder Company. SRSTRRRN €111
Dynamire and other explosives,
corrreennne Hercules

13—Hercoles Powder Company...
Dynamite, TNT. and oth

rx;;]‘;si

The majority of these establishment: along the Straits and Suisun Bay produce
large outputs of material and are in the class ordinarily called “heavy™ industries.
They produce products essential to meders life both in peace and war times,  Steel,
iron, perroleum products of all kinds, chemicals, fertilizers, powder and fuse,
lcather, brick and tile, flour and Feed, lumber and lumber products, ships and boats,
sugar, fish and canned goods are produced in very large quantities,

A survey of the plants between Olenm and Antioch shows an annual production

m 1927 of products valued at $250,000,000. The increase in annual output is
Jarge and the growth has been regular. The first large factory to cstablish in this
territory was the Sugar Company in 1907. The period up to 1920 was an active
one in growth, but since salt water troubles became so prominent only one new plant
of large size has Jocated here,
Freight in and out of this distriet by rail and water, directly attributable 1o
these plants, approximated 14,000,000 tons in 1927, Three railroad systems serve
the territory. Vemels, both river and ocean-going, handle much freight.  Oil pipe
lines from the fields in the San Joaquin Valley deliver oil to the refineries, to large
tank fanns for storage, and to vessels,

Expenditore for clectric power by these industries was $800,000 in 1927,
Electric power is furnished by the Pacific Gas and Electric Company and the Great
Western Power Company. “The use of power increases every year. Power rates
are the same as in the Bay cities.

In 1927 these plants employed on an average of 8500 persons, the annual
payroll amounting to $15,000,000. Comparatively lintle scasonal employment is
found—most of the factories run fairly constantly through the year, The popula-
tiom dependent upon the factories, using a ratio of 4 to 1, is 34,000,

The industrial territory on San Pable Bay below Oleum, in Contra Costa
County, is nearly a3 large a¢ the distriet deseribed above, I the entire waterfront
aren in Contra Costa County is considered, we find the annual products to be
$3515,000,000; the number of employees to be 17,0005 the annual payrofl
F29,000,000.

The industries between Oleum and Antioch now wse 10,000,000 gallons of
water a day.  The annnal incresse is 10 per cent or 2 million gallons a day, Al of
this water is pumped from tide water level when there is fresh water in the stream,
lust some of the factories vse wells during the salt water period.  Draft upon the
ground water §s causing a change in the quality of many wells by drawing in salt

There is a definite limit to the amount of water which may be drawn from
round sources, and it is apparent that this limit has been reached.

Factories engaged in the production of frge quantities of “heavy” produes
rdinarily locate where fresh water is abundant and can be had at the cost of pump-
ing. New plante seldom Jocate under any other conditions and when there is a
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choice between localities, the one where water is abundant and cheap is selected,
providing the other factors which control locations are the same, There is enly one
place on the coast of California where such conditions existed in the past—the
upper bay and Jower river country. Industries now located there expected to
obtain water by pumping direct from tide levels, and the change brought about by
the invasion of salt water has added to expense of operation and has discouraged
increase in plants which involve increased use of water.

There is great need of jon of the £ bl ditions of fresh water
which formerly existed in this region. New industrial establishments will Le
attracted by abundant fresh water. [f California does not provide such facilities,
northern cities will offer greater inducements and many industries will Jocate
Pacific Const biranches in these northern eities, There are in these other states large
areas of land where pure, fresh water is sbundant and may be had for the cost of
pumping from permanent lakes or streams.

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

COST OF 500,000 GALLONS OF WATER PER MONTH
San Francisco $157.56

Oakland ... - 161.71
Los Angeles. .. 72.10
Stockton ... 54.50
Portland s ey Frie— ]
T e e e i 3394

The recent disaster to Los Angeles' St. Francis Dam will probably result in an
increase in water rates in that city. Proposals have been made to increase the base
rate from 5 cents per 100 cubic Feet to I8 cents, IF this proposl is carried int
cffeet, the rate for 500,000 gallons in the above tble will be nearly $120.

Hardness of water is another factor in which northern cities have an advantage
over the public supplies in California cities. Hardness is undesirable in water for
cither domestic or industrial nses—in some classes of juclustries hard water must be
treated before use.

The comparison below will show the relative hardiness of public water sup-
plies of Pacific Coast cities:

HARDNESS IN CITY WATER SUPPLIES
Hardwess as Calcivmn Carbonate, Paris Per Miliion.

{From Water Supply Paper 496)
Maximum  Minimum Average

San Francisco S DRSS 1] 83
Oakland . i 181 Reservoir and wells
Stockton .. 560 Wells
Sacramento 60 River.
Lot Angeles oo 163 Owens River.
251  T.os Angeles River.
-,
Portland, Oregon. 22 &6 9
Seartle, Washington 33 14 23
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The supply of Sacramento approximates the hardness of water that will be - n/a -
ned above a et water barrier.  The quality of water reservoired above the 1
will be better than any ether city supply in California shown, H

Hardness may be partly removed from water in modern parification plasts,
At Columbus, Oltio, water with average handnes of 272 parts per million was
reduced to 97 parts at a cost of treatment of 245 cents per 1,000 gallons,  (Pro-
veedings of American Society of Civil E 192

Ome of the needs of California today is a fresh water reserveir wound which
factorics can be Jocated with asurance of a pesmanent supply of pure water,  Prob-
ably no single accomplishment in the construction program now under discossion
will do more toward the general progress of the state,  More factories mean greater
population and mere Jocal markets for agricaliural produce and amelioration of
general fevel of prosperity of the state.

A salt water barrier ot San Pable or Army Point will remove the shatacle now
deterring the Jocation of new industries in this region, Lt will remove the cause of
added expense to the present plants and will encourage their more rapid growrth.

Besides great quantitics of water, large industrics require cheap power, cfficient
transportation facilities, both by rail and water, and a good climate attractive tw
labor., The lower river and upper bay region lack only water. The sl water
single deficiency.  If the barrier is not built, Californ
without doubt, will luse many important factories,

gincers, Februar

barrier will supply th

Shigping Interests,  San Francisco Bay and the rivers drained through Car-
quines Strait are wsed by boats engaged in river and bay traffic as well a¢ ocomn-
going vessels. At the present time there is a large amount of river and bay traflic
between Stockion, Sacramento and numerous delta landings and the cities avound
the bay. During parts of the year the river traflic exrends beyond Sacramento and
upstream from Stockton.  Ocean-going vessels land at Carquinez Straits point,
Bay Point, Pittsburg and intermediate ports.  Traffic by water is on the increase.

Tables 6, 7 and 8, in this report, give the tonnage and value of freight
carried by water,

Frojects for the improvement of navigation above Carquines Strait have been
roved by Congress and the work of acquiring rights-of-way in preparation
for dredging is wearly completed. Two projects have been approved: First, the
dging of the channel through Swisun Bay 1o provide 26 feer of water for
navigation purposes through this bay, and cecond, the Stockton deep channcl which
will provide 26 feet of water to Stockton,

Projects for deepening and regulating water depths for Sacramento River
navigation are under consideration, A system of dams for controlling levels at Jow
flow has been proposed, though not yet adopted by act of Congress. The present
project provides 7 feet of warer to Sacramento, 4 feet to Colusa, and with provision
for 3 feet ar far upstream as Chico Landing. Practical navigation upon the upper
n Joaquin it now limited 10 the heed of tide water, though if the project of the
slate for canalization of the San Joaquin under the “Coordinated Plan for Develop-
ment of Water Resources” s carried owt, navigation will be practical to points far
above any places recently reached by boats.

Water transportation i available to all of the islands and reclai
delta region, and nearly all of the agricoliual produce grown in this country is
shipped to market by boat,

Tides, corrents and salt wan
region are important w shipping

med lands in the

er phenomena in the upper bay and Jower river
15 for several reasoms: First and foremost
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is the faet that the presence of sait water has retarded growth and, if continued,
will decrease the agricultural productivity of this region. Second, and no less
important to shipping interests, is the fact that the industrisl region along Saisun
Bay and Carquinez Strait s held back in its natural growth by the menace of salt
water. The water-carried tonnage in and out of this industrial arca is large and i3
on the incrense.  The completion of the decp water channel will give a stimulus to
commerce by water,

‘The natural result of a salt water barrier would be to increase very rapidly the
industrial territory and there would be, in consequence, much more freight w be
moved, a larger population to be served, and a tremendous increase in shipping.
The effect will be noticeable on both bay and river boats and upon occan-going
traffie.

The plans for n salt water barrier provide for locks so that vessels may have

uninterrupted access o the fresh water basin above the barrier. As discussed later,
the Young report considers th hly the shipping business and the plans provide
for locks of at least two sizes—one for small vesels and the second For large vessels.
Locks are designed to provide for future increase in trafiic, both in size and amount
of trafic and depth of drafts.

‘Tides and currents now cause a loss of time to the shipping interests and
necessitate special provisions and greater care in the handling of vessels, particulariy
in the rapid currents in the Carquinez Strait region. A barrier will provide for 2
constant water Jevel above the structure except during periods of flood, which will
reduce the currents to one direction only, and that downstream, and will facilitate
the movement of vessels by reducing the time now consumed Ly Lucking adverse
currents. The ability to dock without currents is an additional value to ships.

1t is gererally agreed by wavigation interests that there is some benefit in sea-
going vessels docking in fresh water, in the destruction of growths of salt water
which cling to the bottoms of the vesels and reduce their speed. Ocean-going
shipping entering the frosh water basin above the barrier will have the benefir of
ihis condition.

Sediment carried by the river waters into Suisun and San Fable Bays adds wo
the difficulties of navigation and cavses annual expenses in its removal, Debris
from kvdraulic mining is one of the principal sources of such hindrances to navi-
gation. The rivers which enter Suisun Bay bring 1o salt water each year a portion
of the debris deposited in stream channels in vears of unrestricted mining, From
the best information available, it is probable that the peak of movement of debris
has passed ont of the rivers and is moving through Suisun and San Pable bays en
route to the ocean.

Whae effcet the salt water barrier will have on the movement i important
from the standpoint of navigation interests. Studies which furnish information on
the problem have been made several times in the past twenty-five years. The briel
statement below discusses these investigations,

In 1906 the writer, then in the emplov of the United States Reclamation
Service, made a study of the sediment carried by many important streams in the
Woest. ‘The results are in part published in Water SuppI.\ Papers Nos. 274 and 237,
“The investigation had in part the determination of the amount of sediment carried
in streams that might be lodged in storage reservoirs, At the time this study was
undertaken, experimental work was carried on to determine methods of field and
laboratory work. Sampling apparatus was designed and tested to permit the collec-
tion of samples at any depth. The uge of this apparatus indicated that the problem
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resolved itsell into two phases—suspended silt and sand rolled along the bettom, i - n/a -
he suspended sl was found 1o be very fine and o remain o suspension a long
time, It i moved as the water moves and in the tidal portions of the stream
remains in suspension during the tidal movements,
Samples collected daily during 1906, 2 125 per cent rumoff year with heavy
floods, gare an average silt content (weighted for flow) of 64.5 parts per million by
weight or, for silt weighing 80 pounds per cubic foor, 0.081 cubic yards per acre
foot. In 1908, a 67 per cent runoff year, the average silt content was 85 parts per
million by weight or 0,106 cabic yards per acre foor, “The total suspended silr in
1906 was 2,300,000 cubic yards; in 1908 it was 1,550,000 cubic yards.
The greater part of thiz material continues in suspension until the bay is
reached, where slow currents permit a part of it to drop to the bottom,  Flocculation
from salt water to some extent encourages the deposition. .
A salt water barrier will have the cffect of Improving conditions a5 aflected
by the deposition of the suspended silt, Fresh water above the barrier will remove
the effect of salt water flocculation above the structare and there will be & greater
tendency for the il to be carricd lower than under present conditions. As it is
now, the flocculation commences in Suisun Bay or av the first point where fresh
water selt water mix.  Eighty per cent of the sediment is carried in the flood
months, at times when the barrier gares will be opencd and the current above the
barrier is highest.  In these periods the tendency will be for sediment w be «
through the barrier with less deposition in Suisun Bay than under natural condi
Below the barrier, where fresh and sale w:
wendency for deposition and flocculation that now exists, the enly important differ-
ence being the decreased tidal movements due wo the barrier.  There is no reason to
expect any great change in conditions from those now found. Sediment moves to a
large extent in flood periods, so that any accumulations which are deposited in low
How periods or in years of light runofl are swept away in foad years. Fine sediment
which enters the streams probably will not gremdy change in amount in future
years, as the fine materials originating in former hydraulic mining eperations arc on
the decrease.  Storage reservoirs on the headwaters will tend to trap sediment and
further reduce the Joad that will arrive at tide waters. On the whole, the barrier
will probably benefir rather than harm the navigation interests so far as it affects
suspended sl
Sand and coarse debris rolled along the stream bottom ¢ up an important
but unknown pard of the total stream load of sediment.  Estimates by the writer,
made in 19035, indicated that the equivalent of from 10 o 20 per cent of the
suspended Joad waz carried along the bottom. In a recent study of #ilt in the Colo-
rado River (U, 8. Depr. of Agriculture Technical Bulletin No. 67), the estimate is
made that in that stream 80 per cent of the silt is in suspension and 20 per cent
carried as bed load. Though the actual quantity may be in doubt, there is no question
but that the siream bed at Sacramento and below has been fowering in n 3
an indication that the burden of debris from the old hydraulic mines is decreasing.
Sand and gravel along the stream bed do not move at ordinary flows but enly
when the stremm i¢ in fleod. The barrier, therefore, will have little or no retarding
cffect upon the movament of sediment carried along the bed, for in times of food
the flow in all practical consideration will be unobstructed and the downstream
velocity will be practically the same as without the barrier, The bed loag will
move a it now does, or at least will move as it would do if the barrier were not
present.

"HIL SALT WATER PPROBL

ater mix, there will ke the sane




City of Antioch
Supporting Document
March _22, 2010

38

Stesetures in Warer. 'The teredo and other varieties of marine life which
destroy wood have been noticeably active in San Francisco Bay and adjoining waters
since about 1904, Prior w0 that time all wharves, dacks and other structares in
water in the upper bay country were built of wntreated piles and the lives of the
structeres were very long.  Abont 1914 the teredo became active and in the dry
years which followed 1917 practically all wood structures in water below Antioch
were destroyed.  The Marine Viling Commitice estimates that §25,000,000 damage
was done in this period.  OFf this sum several million dollars represent damages
in the territory wpstream from Richmond,  Here the iwvasion of the teredo is
encouraged on accownt of the encroachment of salt water,  In earlier periods fresh
water was present each year long enough 1o prevent wood-destroving animals
eatablishing themsclves,

Many of these structures have not yet been replaced.  Those which have been
replaced have been Jargely of creoste or other treated piling at an additional cost
over untreated timber. No form of trestment gives permanent protection but
reduces the activities of boring animals and Jengthens the life of timber,

The cost of structures built of tmber is, therefore, greatly increased over whar
it was prior to the invasion of salt water in the upper bay. Where concrete s uzed
wn additional increase in cost abso occurs, for concrete 1o be placed i sea water has
o be of much beuer quality than concrete saitable for fresh water conditions.
The ordinary mix of concrete for sea water containg approximately twe-thirds of a
barrel of coment per cubic yard in excess of that considered good quality for {resh
water conditions, On this account alone concrete work costs at least $2.00 a yard
mare, due to the salt water invasion.

Under the present conditions, all future structures to be erected in this region
must be built te resist weredo and other boring animals and salt water.  The increased
cost of wharves, docks, bulkheads, and all similar structures in water, will approxi-
mate 20 to 25 per cent more than if fresh water were present.  The construction
of a barrier to prevent the encroachment of st water will greatly simplify such
construction work and will reduce the cost under present conditions.

Corvosion of Puseps, Piping and Egquipwient from Saft Water.  Steel and iron
are corroded more rapidly in brackish or sale water than in fresh water, Experimenms
indicate that wnpainted steel or iren Jasts from two to ten fimes as Jong in fresh
water a5 in brackish or sl water. “This means that all gates, pipes, pumps and
other parts of structures in water, or in industrial cstablishments where water is
used, must be painted frequently or they will correde more rapidly, require more
frequent replacement, and cost more to operare than where fresh water is present.
In the large industrics, such as oil refinerics, steel mills and plams where large
ameunts of cooling water are used, this becomes a very important factor,

Accurate estimates of the cost of slt water due to corvesion alone are difficalt
w make. Mr. C. W, Schedler, of the Great Western Electro Chemical Company
of Pirsburg, California, cstimates thar there is a minimum of three million dollars’
worth of cguipment located in the plants between Crockett and Antioch being seri-
ousty depreciated by the presence of salt water. The normal life of this equipment
is twenty vears, or a deprecistion of $130,000 a year. Mr. Schedler estimates
that the salt water conditions of 1924 cansed 2 depreciation twice as fast 75 ordin-
aril The loss between Crockett and Antioch in that year is a cawsh loss of
F150,000, -

Conditions nearly a: bad a5 1924; 0 far as these imdustries are concerned,
occurred in 1920 and again in 1926, and in each of the vears between there js some
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Conditions in the future offer linle promise
ity is that unless a barrier is constr cied the
of future extensions or new
w5 of that experienced in

increase in corrodion from salt wau
of improvement, and the probabil
present industrial plants alone, without
plants, will suffer an annual loss from slt water in ex
the past.

Ry

imates by the writ
annel, indicate a loss from salt water corvesion 3
! wedler, “The writer is of the opinion that the average annual Joss approxi-
makes $300,000 a vear in the plants now operating.

Raifroads. T

in the terrifory from Oleum to Antiock, on both sides
ess of that made by

o natural and most feasible dircetion of travel north to south
i awross Carguinez Strait for bath vehicolar and rail waffie. At the present time all
railroad transportation s handled by boats,  Four Tim of hoats carry freight ad
sengers actoss this waterway, A year ago the first bridge was built—that across
wines Strait—=for vehicular traflic only.

The Southern Pacific Compaay, the greatest railroad system in California,
has stadied a plan of bridging Carqu ait for many ye It is understood
that & mote active study of this problem is now going on than in any time in the {
past, and that prospects are good for the railroad to car

The San Francicco-Sacramento Railroad, which erosses the chanmel near the
ppper end of Suisus Bay, at one time 4 quired a permit to build a bridge at this
point. The traflic carried by the company did not warrant such a heavy expenditure
a that time, but recently the control of this road has been acquired by the Western
Pacific Railroad Compnny, and it is Ji that a large development of this trans-
portation company will take place in the near future,

Any barrier built to hold back tide water can be easily arranged 1o act @8 a
bridge for wail and vehicular wafic. In the Young report, a part of which is
quoted Iater, estimates of the cost ¢ providing such a barrier with « bridge are given.

Two app pave been recently filed with the Countr Board of Supe
visors of Contra Costa County for & bridge permit across the bay region in the
neighboriood of Richmond, the e mated costs being from $9,000,000 to nearly
$20,000,000.

Should the
and probably future wransportation needs
Army Point or Dillon Point, will b
present bridge facilities are ontgrown it may he used for vehicwlar traflic.

Mr. Herbert Benjamin, of the Southern Pacific Company, stated before the
Joint Legishative Committee on April 16, 1928, that his company had made plans
for a bridge between Bulls Head and Army Paing, and that the cest, including
approaches, was estimated to be ess than $10,000,000. The bridge was desi
w give clearance of 70 fect,  Application for permit had not been formally
12 the War Department,

The site selected for this bridge s onc of the dues invest
bridge built for the railroad would prevent its use as 2 site for a salt water
ration be given of the barrier
before any bridge permit i¢ let for this Jocation. The barricr can be made
10 serve as a bridge and the advantages of the double wse are appareat. If the
barrier is built to accommodate both rail and vehicular eraffic and a proper allo

made for this service, the net cost to ather interests can be lowered, This p;aras:: af
the question i diseussed Jater in this report.

Forvier. “The fersy from Benicia to Port Costa, now operated to care for

P
&

out such a de

opment.

cations

jer be built at $an Pablo Point, it can serve there all present
A barrier in Carg % Straits, either at
le for rail transporeation and when the

v

ted by Young, and

an

barrier. It it highly advisable that full consid

pr

e
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vehicles, could be replaced by s barrier at Army Point or Dilion Point. The ferry - n/ a-
| now operating from Richmond to Peint 820 Quentin could readily be replaced by a
| barrier at San Pablo Point. This elow method of crossing the water barrier can be |
replaced by a modern bridge, with little delay in trafic and with cost not greater
| than the present ferry charges, The antomobile registration in California is on the
I increase and travel across the straits will be greatly stimulated by a bridge. There

| s no certain methed of determining this quantity,
Local Shipping. The tonnage and value of local shipping on the Sacramento
and San Joaquin rivers are given in attached tbles. It will be scen that there hi

been a nearly constant increase in freight, except during the period of, and follow- ﬁ

ing, the World War. At present 2,100,000 tons of a value of $140,000,000 are 1

Al carried yearly. J
| The increase in shipping which will follow the construction of a barrier

against salt water will benefit Jocal shipping.  As shown elsewhere, the advantages
of the barrier will offset the disadvantages, and on the whole greatly benefit
shipping.

Qeean-borne Trafic, Ocean-borne trafic i varied, though lumber and
petroleum products make up the greater part of the business. The tables attached
show the volume of business in Sujsun Bay to be about 2)4 million tons, valued at
over $40,000,000; for Carquinez Straits 4 to 5 million tons valued at $100,000,000
to $150,000,000; San Pablo Bay 4 million tons valued at over $60,000,000.

Increases in occan-borne trafic will follow the building of a barrier and
completion of a deep water channel to Stockton. The stimulation to industrial
production will greatly increase traffic for all clages of vesels. Ocean shipping
will benefit by the ability to dock in fresh water without the menace now caused by
tidal currents,  Fresh water tends to cleanse ocean vessels of growths which retard
‘ movement,

The menace to shipping in passing through locks is so small that no additional
insurance is charged to vessels which uee locks, The safeguards o navigation, now
provided around locks, greatly reduce the danger in using them. Periods of fog
| are the times of greatest difficulty, The removal of ferry traffic acros the straits
at Benicia will probably offset the dangers due to mavigating through locks in
foggy weather.

SOLUTIONS OF THE SALT WATER PROBLEM

Several solutions of the salt water problems may be suggested: i
1. Salt water barrier.
2. Storage and release, lj

3. Fresh warer brought in by conduits or pipes.

‘The first is the omly complete and the mose satisfactory method of solving the
problem. The Young report best describes the barrier and its effects upon the
territory.

The Young Report. Mz, Walker R, Young, Construction Engineer, U. §.
Burcau of Reclamation, has written a “Report on Salt Water Barrier ~California,
Below the Confluence of Sacramento and San Joaquin Rivers.” This report is dated
August 27, 1927, and was made by the U. 5. Burcau of Reclomation in cooperation
with the California State Department of Public Works, Division of Engingering
and Irrigation, and Sacramento Development Association.

The seport consists of a volume of 405 pages of discussion :nd deseriptive
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matter, a volume of 592 pages of exhibits and tabulations, a portfolio volume of
drawings and diagrams, and three volumes giving records of borings at various sites,
The work described in these volumes extended over a period in excess of three
years, or {rom January, 1924, to the date of completion,

A large amount of field work was done as a basic for office studics. The
investigations include all problems that affect the construction or aperation of the
structure,

In his report Mr. Young deseribes in detail the various investigations he has
made concerning the salt water problem. He presents sixteen preliminary designs
and estimates with three altematives “in order that they may be readily available
in the economic study which is considered necessary in the final determination of
the feasibility of the barrier.” He made “no attempt to study the economic aspect
of the problem other than to enumerate the advantages and disadvantages, as such a
study was not considered within the scope of this (his) report” The report,
therefore, is an engineering study of the barrier s far as conecrns its physical
feasibility,

The report determines what kind of a barrier should be buiit to accomplish its
purpose, and presents @ Jarge amount of data to show its bearing upon various
activities which will be affected by it.  Four sites were investigated and the merits
and objections to cach are set forth in detail, but no final recommendation a5 10 a
site is made,

The following quotation from this report gives in condensed form the
cssentials incladed therein:

“SUMMARY OF RESULTS

“Generaf. The swudies made lead to the conclusion that it is physically
feasible to construct a alt water barrier at any one of the sites investigated,
but at great expense; and that it will be effective in controlling the salinity of
the reservoir impounded above jt. Not only will it protect the delta and
mdustrial plants along the shores of the bays, but its construction will result
in the conservation of a large part of the fresh water required to act as a
nawural barrfer against invasion of water under present conditions,

“Without the barrier, slinity conditions will become more acute unless
mountain storage is provided to be released during periods of low river dis-
charge to act as a natural barrier against invasion of salt water. The amount
estimated as necessary to act as a nataral barricr was in excess of the flow in the
Sacramento River above Red Bluff in 1924, and Red Bluff is located above the
points of diversion of water used in irrigating the Sacramento Valley.

“The sites selected for development by drilling are considered geolog-
ieally satisfactory for the type of structure proposed, Although prelimi
designs and estimates are presented for four sites, there are only two general
plans involved. A barrier, if constructed at the Army Point, Benicia, or Dillon
Point site, would create 2 body of fresh water in Suisun Bay and in the delea
channels, while a barrier at the Point San Pablo site would include San Pablo
Bay as well.

“T'ype of Dam Propored, The type of structure to which principal con-
sideration is given is one in which the ship locks and flood gates are located®
at one side upon rock foundations, the closure of the present waterway being
effected by means of an carth and rock &l dam to be bronght up to its designed
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height after completion of the ship locks and flead gate structure.  In another
tepe studied the flood gates form the closare between concrete piers sunk to
bed rock foundations in the present waterway by the open caison method.
Both types have been designed with and without provision for carrying a rail-
road and highway.

“The passage of floods is probably the most important problem since it
involves the safety of the delta levee system. 1t would be desirable, if prac-
ticable, to provide gate area equivalent to, or slightly in excess of, the present
watcrway arca in order that conditions of flow might remain unchanged, but
the accomplishment of this plan would be very costly, if not alrogether
infeasible.

“In the design of the stractare, advantage is taken of the difference in
the elevation of water surface which it is possible to ereate above and below
the barrier to discharge flood water. On account of the fuctuating head,
resulting from tides on the downstream side, the discharge through the flood
gates will vary from a maximum at low tide to 2 minimum «t high tide. The
reservoir above the barrier, therefore, will function 25 a basin in whick the
river discharge in excess of the flow through the fiood gates at high tide is
stored to be discharged at a rate in excess of the river discharge during low
tide.

“The flood gates arc of the Stoney yoller type with sills depressed o 50
or 70 feet below sea level in order better to control the salinity of the water
behind the barrier as explained in Chapter 1X. In operation, the gates would
be raized clear of the water surface as required to allow free pasage of the
floode.  As the flood receded the gates would be lowered, one at a time, as
necessary to maintain the water surface above the barrier at any predetermined
elevation,

“The requirements for passing vessels through the barrier is an important
consideration irrespective of where it might be located, but particularly, if
Jocated below Mare lsland Navy Yard. [n the designs proposed, ship locks
have been provided in number to care for considerable growth in water-borne
commerce, and in size to pas the largest ships likely to navigate the warters
above the barrier.

“In some of the designs for the Army Point site, the ship locks would be
constructed away from the floed gates, which, of course, would be advantageous
for shipping during the passage of great floods from the rivers, but these are
rare and considerable study would be required before it could be determined
whether the advantage thus gained would offset the advantage of having the
large salt water sump adjacent to the ship locks where the salt water entering
the fresh water reservoir through the Jocks could be caught and returned to the
salt water side, 1t is possible that the design with the ship locks and flood
gates separated would be even more efficient in controlling salinity, bur this is
doubtful, The plan at the Army Point site in which the structures are sepa-
rated interferes least with the plant of the Mountain Copper Company and
results in economy otherwise.

“In the designs including a railroad and highway bridge across the Jocks
these have been placed at an elevation to permit a large proportion of vesscls
using the locks to pass underneath without opening or lifting the bridges.
In one design at the Dillon Point site, the clearance is made sufficient to pas

No comments

_n/a_



City of Antioch '
Supporting Document

4 THE SALT WATER PROBLEM March 22, 2010 NO comments

“It is probable that the rise in water surface at Collinsville, due to a - n/a -
Larrier at the Point San Pable site with equivalent gate area, would be Jess than

if Jocated at the Army Point site, but it would not be safe to reduce the gate

area at Point Ban Pablo for the reason that extreme tides through the Golden

Gate are more effective near the gate as evidenced by the fact that the tide of

November 18, 1918, at Presidio, was 0.7 feet higher than that of January 23,

| 1914, at which time the maximum clevation of water surface at Suismm City

wis reached,

“At the Army Point and Dillon Point sites the ship locks arc considered
effective in passing extremely large floods but they are not considered available |
| at the Point 8an Pablo site because of the greater necessity for keeping the
locks open to navigation at that site, even during great foods.

“The effect of a barrier at the Army Point site would be to reduce the
tidal volume passing the Golden Gate by less than 8% in compariton with
about 35% if it were built at the Point San Pable site, The occarrence of
frequent high tides in the bays due to piling up of water in them as a result of
storms on the ocean would be to eliminate through construction of a barrier at
any one of the sites investigated. The effect on the clevations of tides below
the structure would be to mise them slightly according to the U. §. Coast &
Geodetic Survey. Z

“Navigation and Bridge Trafic.  Any plan for the control of slinity
nvolving the construction of a dam across the bay or river channels must be
coordinated with the reguirements of navigation.

“Ship locks are provided in number and size to meet the requirements of
the present and immediate future, Provision for ultimate wraffic at the time
the barrier is constructed does not seem necessary since flood control on the
upper rivers will improve to permit the replacement of flood gates by ship locks
a5 the need for them develops. A summary of the operation as it would have
accurred on July 6 and 7, 1923, is shown in Table 6-33.

“Altheugh railroad and highway bridges are contemplated in niost of the
designs they are not regarded as indispensable and are omitted in some in an-
| | ticipation of indifference on the part of railroad and highway interests toward
| the opportunities afforded by the barrier. In the studies made it is considercd
that traffic over them is subject at all times to the convenicnce to navigation.
The bridges are designed to give a vertical channel of 50 feet above high water
when in the lowered position and 135 fect when raised. The interruptions to
bridge traffic, as they would have been on July 6 and 7, 1925, are summarized
in Table 6-40.

“An examination of Plates 2-3 and 2-4, showing depths in San Pablo and
Saisun Bavs, will indicate the limitations placed upon commerce under present
tidal eonditions. If the elevation of the water surface above the barrier were
maintained at about 214 feet above mean sea fevel, a constant depth eqaivalent
to that at mean high tide under present conditions, would be obtained, Uncer-
tain and varying tidal currents would be eliminated above the barrier and they
would be reduced in velocity belew, The maintenance of a permanent water
level would net only be convenient for navigators but would be 1 material
benefit to owners of wharf property above the barrier.

“The farther downstream the barricr is located the more it will igterfere
with shipping. Luocking requi can be stisfied with Jeast expense at the
Army Point site and conditions are most unfavorable at the Point San Pablo site.
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“The construction of 4 barrier at the Paint San Pablo site probably would
be Jooked upon with disfavar by the Nav

¥ Department for the reason thar it
would restrict free navigation thaaugh San Pablo Bay o the Mare [sland Navy

Yard by the aecessity of pasing war vessels through ship locks. Thie o

does ot apply 1o the Dillon Poine, Benicia or Army Paint sices,
“Storage b the Deita Chawnels and Bays, TFor convenience the calenlated

storage in the tidal prism above each barrie site, between clevations —3.6 and

+6.4 U, 8. G. 8. Datam (0 and 10, U. 5. Engincer Datum) has been s
marized in Table 7-2, Volume II.

“Silt. The problem has been attacked w

ith the idea that any structure
that would be detrimental to San I

rancisco Harbor would be looked npon witl
disfavor by thewe in jorisdiction. The investigation has not definitely deter-
mined the clfect of a barrier upon silting, Conclusions must, therefore, take
the form of conjecture until studies more comprehensive than it was possible
to make in this investigation have been completed.

“The construction of a barrier at Ay one of the sites investigated may
possibly Dave 2 benchicial effect upon the Golden Gate bar rather than detri-
mental, The movement of sl toward San Francisco Bay will be checked by
the construction of a barrier at Army Point, Benicia, or Dillon Point, A bene-
ficial effcct upon the Pinole Shoal will result through the construction of a
barrier at Army Point or Point San Pablo, The effect upon Pinole Shoal of 1
barrier at Dillan Point s at present indeterminate, as is alio the effect on silting
in Ban Francisco Bay of a barrier at Paint San Pablo,

"Whether the scouring action of the tidal <urrent tend: to maintain or
destroy fixed channels in the bay svstem remaing to he determined, Should
shoaling ocear it will be comparatively sinall in amount and th mels cin
readily be maintained by dredging, perhaps with Jess effort and cxpense than

without the barrier. Dredged material pumped into the marshes would build
them up and improve their fer

“Saliwity. In years of normal river discharae th
A ¥ -4

ere is no salinity prob-
Jem in the delts, Itis menacing for a fow days in the fal] only bur, considering

the marches surrounding the upper bays and the towns and industrial plants
along their thores, the encroachment of sabt water presents a serious probles
almost every vear,

“Conflict between irrigation interests in the upper valleys and in the delia
segion never will eccur in vears of large run-off for the reason thar in the
development of storage the construction of expensive reservoirs o hold the
excessive run-ofl from the drainage area, ecenrring only ence in a number af
years, will not be practicable cven though sufficient reservoir sites in which 1o
store all of the ran-off were available

“The introduction of salt water into the fresh water ]

lake through the ship
locks can not be prevented but means are provided for drawing off this salt

water and thereby controlling the salinity of the water up-stream from the
barrier,
“Leakage of salt water past the flood gates, although comparatively smali
11 mnount, cap be prevented by maintaining the water surface above the barrier
bz higher elevation than befow,
“Deep gates, opening from the botiom, are esential to the e
ation of the barrier for dependence is placed upon them

cessful opert
4% & means of drawing
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off the heavier salt water which seeks the deep holes and channels, and for
flushing out the reservoir above the barrier,

*Unless fresh water is available for oceasional flushing, the reservoir above
the harrier will gradually become salty. Flushing can be accomplished quite
readily if water is available for that purpese. The studies of water supply, al-
thoeugh based on meager dat, indicate that in normal years there will be from
eleven to twelve million acre feet available for that purpose. Ln vears of de-
ficient warer supply there will be lietle, if any, fresh water available for fush-
ing and the reservoir above the barrier may have to hold over one or more years
without flushing.

“Return Floze,  Return fow will increaze with irrigation development in
the uppes valleys with the result that the salt menace in the delta will be alle-
viated; but, even though the return flow should increase w the 3500 second
feet estimated o be sufficient to aet as a natural barrier against encroachment
of salt water, the demand for water will be snch that it could not be used for
that purpose unless it is replaced by water from mouniain sterage.

“Control of Salinity by Storage in Mountain Reservoirs. Salinity in
the delta ean be controlled through construction of storage reservoirs in the
mountains from which water could be released during the season of low river
discharge in the amount necessary to act as a natural barricr against invasions
of salt water. Mountain storage would be a temporary expedient for the reagon
that, uitimately, there will be use for all of the available flow from the rivers,
and the discharge into Suisun Bay and thenee to the ocean, of water sufficient
to act as a natural barrier against salt, would be an economic waste. However,
storage created in mountain reservoirs constructed mainly for other purpoes
might be used for some time to control the salinity in the upper bays and
delta channels during lop of the requi for full use of the
reservoirs for the purpose for which they were primarily constructed, thus de-
ferring the large invesement in the salt water barrier,

“Teredo. The factor of salinity is one of fundamental iniportance in
the distribution of teredo. The average lethal salinity for teredo navalis, the
species to be feared most in the upper bays, has been determined experimentally
as 5 parts per 1000; therefore, if the water above the barrier is maintained at
2 concentration below the limit for irrigation uee teredo can not exist there,

“Fish, Fishing industries above the barrier, if constructed, should not
saffer for the reason that, even though the fish ladder, which is an integral part
of the structure, should fail to function, the fish would not be prevented from
entering the fresh water reservoir because they would have free access to it
through the ship locks which, under normal conditions, would be operated
many times throughout cach day and night.

“Sewage, Mo investigation was made of the cflect of the barrier upon
sewage, but from investigations made eleewhere it appears that fresh water will
be better adapted for receiving sewage than either slt or brackish water since,
gallon for gallon, fresh water disposed in a wormal manner of more sewage
than salt water, Lt will be best, in this respect, 1o keep the water above the
barrier fresh becanse the intermittent adwmission of alt water interferes with
bacterial, animal and vegetable growths that effectively aid in taking care of
and digesting sewage. +
“Use of Water in Operatian of the Barrier. The seven main souices of
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Juss of fresh waver accompanying the operation of the barrier are evaporation i n/a
from the water surface of the reservoir created; water vequired for the opera- H
tioh of the hip locks; leakage around flood gatas; water wsed in opesating 1
the fish ladder; and water to supply the requirements of industries, municipali- i
ties and possibly irrigation. With the exception of loses past the food gates {

and through t

fish Jadder, which are constant for the same tvpe of strocture,
the lostes increase as the barrier is moved downstream and this factar ha an
important bearing upon the selection of a sire.

“Owing to the increasing difficulty of maintaining the reservoir created
by the barrier free from salt water as the water sarface iz permitted 1o {all, and
becanse of navigation requirements, it probably will not be advisble tw allow
the water surface to fall below mean <ea level. Likewise, because of the nature
of the dela Jevees and the cost of drainage in that region b amiping, the
ultimate maximum allowable water surface for periods of severzl months'
duration may be fived at 4.0 feet above mean sea level, although later develop-
ments may show that this maximum #torage level can be increased to 5.0 feet. i

It is nov necessary 1o decide at this rime at what ele tion the water sur-
face above the barrier should be maintrised. To begin with, it should be held
at, or a litde below, ordinary high ride level. As time goes on the elevation
may be raised a5 cxperience dictares.

“Water drawn from the fresh water hake for irrigation, domestic and in-
dustrial wser, a2 well as that sequired in the operation of the ship docks, should |
be replenished from river flow or mowntain storage with the idez of 1
a constunt depth of water for the navigable waterways effected by construction
of the barrer, In vears of extreme Jow run-off the warer surface could he
dravwn down 10 the elevation of mean sen level, or possibly
to the elevation of mesn lower water,

As the water surface behind the barrier is lowered, the cost of maintain-
ing the Delia Jevee—not considering floods—shonld become less; the cost of
pumping water out of the Tuke for any use becomes great e cost of pump-
ing seepage water would become lese; the difficultics of keeping the lake fresh

could inerease; and the depth of navigable channels alfected would become

3

intaining

in an emergencr,

“Ship Jucks are provided in varions sives in order o cconomize on the v
of fresh water and 1o prevent entvance into the fresh water lake of larger vol-
umes of zalt water than necessary by requiring vessels to use the smallest lock
which will accommuodate them. Intermediate lock gates are added for the sane
redon.,

onomy in the wse of [resh water in the operation of the ship locks can
be effccted through the adoption of leck gates divided horizontally at a depth
to allow a large portion of the vescls having 2 shallow craft to pass throngh
the locks without opening the Jower half of the gates and it is aesumed thar this
tvpe of construction will be adopred. 1t s estimated that the resulting annual
saving of fresh water, based on an average daily wraflic as it was on July 6-7,
1925, would be:
Army Point Site
Dillon Paint Site
Point San Pablo Site .

173,000 Acre Feer
46,000 « o«
i 295,000 « o« *
it being asumed that the water surface above the barrier would be maintained
aian elevation 234 feet above mean sea level,
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“It will be necessary to flush the reservoir, preferably once each year, to
rid it of accumulations of brackish water resulting, principally, through the
inability to trap all of the salt water finding its way into the fresh water reser-
voir from one source or another. The ameunt of fresh water reguired cannot
be predicted with any degree of accuracy but a study was made of the amount
of fresh water available for the operation of the barrier, based upon the as-
sumption that storage in the mountains was well developed. The study s based
upon meager data but the results are believed to be indicative.

“From Table 10-13, it is evident that if the maximum height of water
surface in the reservoir is restricted to 2V4 feet above mean sea level, the water
stored in the reservoir thus formed will not be suflicient to operate the barrier
at any of the three sites stadied during the irrigation season, even in years of
heavy ran-off, and it will be desirable, therefore, to seek the highest practicable
clevation at which to_maintain the storage level,

“The shortage due to lack of reservoir capacity increases as the barrier is
moved downstream, although the capacity of the reservoir is greater. This is
principally due to the greater evaporation, and to the larger requirements of
navigation, industrics and municipalities.

“As the storage elevation above the barrier is raised the amount of water
available for Aushing in years of low run-off is decreased. According to Table
10-13, no water would be available in the scason 1923-24 for flushing out the
reservoir ereated through construction of a barrier at the Point San Pablo site
whether water were impounded to elevation 2.5, 4.0 or }-5.0. It appears
that, in any case, there would be no flushing water available in 1923-24 if
wiker were stored to elevation 4=5.0, although in a normal year there would be
a large amount available for Aushing, regardless of where the barrier is con-
structed or of the elevation at which the water surface above the barrier i
maintained. 2

““If the above analysis is correct, it may be concluded that since one of the
principal objects of the slt water barrier is to conserve fresh water, it will be
desirable to maintain the largest practicable storage capacity above the structure,
Likewise, it is evident that the farther downstream the location for the barrier
is chosen the greater will be the quantity of water required for operation, and
the greater will be the shortage during seasons of low run-off. Since the
shortage must be supplied from meuntain storage in order to maintain sufficient
depth for navigation, and to hold the waler level at an clevation where the
reservoir will not be defuged with salt water whenever the ship locks are
opencd, it is app that ideration of. the ity for conservation of
water would require the selection of one of the upstream sites—Army Poin,
Dillon Point or Benicia, if the latter, upon investigation, is found to be saitable
structurally.”

Disensrion of Young's Repors. The summary just given of Young's report
gives his main engineering conclusions. As will be seen, the engineering conclusions

are as follows:
1. The construction of a salt water barrier 15 feasible at either San Pablo
Point or at one of three sites near the upper end of Carquinez Strait.
2. The barrier can be utilized for both rail and automobile trafic.
3. The cost will depend upen the method of construction. A barrier can be
built at Army Point with bridge of 50-foot clearance for $49,800,000;
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at Benicia for $46,200,000; st Dillon Point for $44,700,000; at Point
San Pablo for $75,200,000.

4. The barrier will pass 2 flood of 750,000 second feet (larger than any food
measured inte Suisun Bay) with an estimated raising of water surface of
0.7 of a {foot at the barrier, at Army Peint, and about 0.55 of a foot at
Collinsville. Water levels in the delta under cxtreme conditions are esti-
mated to be below clevations of high water computed by Flood Control
Engincer of the st With a barrier at Point San Pablo, the misc in water
Tevel would be lightly less than at Army Point.

5. The barrier would effectively handle both water transportation through
locks and bridge transportation.

6. Th
5

L

barrier would store fresh water and prevent the encroschment of
ity now taking place every summer,

~1

‘The barrier will prevent teredo from working above its Jocation,

The barrier can be operated 0 as not to be a detriment o the fishing
industry.

e

9. The clevation at which water is maintained above the barrier in swmmer
has mot been determined. To begin with it should be held a linde below
ardinary high tide. This paint is discussed in more detail in the following
pages,

10, Young makes no determination of the economic features of the barrier,
nor does he recommend a site,

‘Two things in connection with Young’s conclusions may be given further
considerati first, that return seepage will increase in quantity and ameliorate
conditions in the delta, and, second, that water from the Sacramento river may be
tempararily carried across the delta for use in the San Joaquin valley by releasing
stored water and without the construction of the salt water barvicr, |

With reference 1o the first matter, it has been shown that retus scepage in the
San Joaquin Valley is being recaptured by the pumping plants an the west side of
the valley and there is now no benefic from the return scepage to delta Jands in |
fate summer, There is no prospect for increase in retuen flow, in fact the increase

in pumping from wells all over the vall s new pumps along the river will de-
crease thar flow.

In the Sacramento valley similar conditions prevail. Ir is not certain that return
seepage on this stream has reached a maximum, because 2 large area of land close
to the river is not vet regularly irrigated. When this land becomes more intensively
farmed, it is to be expected that it will utilize to 4 great extent this very return
wil decreate the net amount which reaches the tidal waters. Return fow,
therefore, cannot be depended upon, in cither river, to improve salt water conditions
in the delra,

As to the seeond matter, it may be said that 5o long as the tide ebbs and fows
there will be the opportunity for salt water to penctrate the deltz, just as far or
farther than was the case in dry years since 1917, In 1920, 1924 and 1926, salt
water went beyond Three Mile Slough, the principal connection between the Sac-
ramento and the San Joaquin deltas, If water were drawn up the San Joaquin, there
would be @ greater tendency for salt water o pemetrate the delta and be drawn
southward. It should be remembered, too, that in dry years released water from
storage reservoirs is going to be very difficalt to deliver past the Jarge areas of riparian

=9
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lands, The flow of the rivers will undoubtedly be so low that tides will earry salt
water bevond Three Mile Slough. Certainly no dependence can Le placed upon this
method of carrving water across the delta. The barricr is essential to prevent tidal
movements and the encroachments of salt water.

ELEVATION OF WATER ABOVE BARRIER

Objection, from owners of delta land, has been raised to the proposal by Young
that levels above the barrier might cventually be raised above mean high tide in
order that more water might be swred for wse by the towns, irrigated arca and in=
dustries around the lake above the barrier,

Mr. G. A. Atherton, who is probably as thoroughly acquainted with the delta
region as any other person, is authority for the statement that a level of 6.0 fect
U8 E.D. (or 24 U.5 G.5) continvously maintained in summer months is as
high as ean be safely held against the delta levess under present conditions. Accord-
ing to him, to carry water higher would endanger the levees, would increase seepage
and pumping, and therefore add greater maintenance cost to the delta land owner,
1t should be undersiood thar Mr. Atherton has reference to the delta lands where
peat predominates,

The answer to this argument is that the delta lands will be surrounded by salt
water unless the barrier is built, but the barrier ¢an, and should, be operated so as
to do no damage to these peat arcas.

There is some uncertainty as to the exact difference between the datum of the
two surveys (U, 8. G. 8. and U, 5. F, D) and the Jevel of tide as indicated by vide
tables, U. 8. G. 5. elevations refer to mean sea level and are based upon a number
of vears of observation. U, 8 E, D. Jevels are bated theoretically upon mean lower
low water but practically arc taken as 3.6 feet lower than the U. 8. G. 8, levels.
Tide gage Jevels are theoretically based upon mean lower low water but practically
are referred to the elevation of a point on the Presidio tide gage steff in San Fran-
cisco, As near a5 can be determined, the U, S, E. D. and tide table datam planes
are not the sune, but the U, 8. T, D). datum is about 0.63 fect lower. This figure
is not exact, however, and for practical purposes it may be aumed that the two
arc the same, In the delia region the tidal range varies more in different parts of
the delta than this variation between the two svstems of measurcment,

If water is held at 6.0 U, 8. E. D, it will be at less than high tide in the
central delta. Here the tide rises to over 7.0 feet two or three times a vear, and in
times of southwest storms it has risen to over 8.0. In 1907, during the fleod, the
clevation exceeded 10.3. With water held a1 6.0 there will be no menace 1o Jevees
and comparatively little increase in pumping eut of seepage water, Furthermore,
this elevation will permit the cficient operation of the barrier, for salt water is
higher than 6.0 at the Golden Gate less than one per cent of the time, excluding
storm and flood periods.

Any incresse in height should be made only if it can be done without menace
to the island levees, In storm periods water will be held lower than would natarally
occur except in the most extreme floods, Reservoirs which have been constructed on
nearly all tributaries of the Sacramento and San Joaquin rivers will undoubtedly
have the effect of reducing the peaks of floods, and there is little Jikelihood of a
repetition of the extremes expericnced in 1907, at least such extromes \xi!l oeeur
les frequently.

On the whale, the delta lands will be better off with the barrier than without
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it. The one factor of slighty pumping with the summer level hebd at 6.0
will he more than overbalanced by the freedom from the present menace of salt
water,

SELECTION OF SITE FOR BARRIER

Mr. Young in his report se rih the conditions surrownding the locations

investigated as sives for the b The following stitement compares the two

locationg==the three sites investigated near the upper end of Carquines Strait being
treated as one:

Water Suppiv:  Tables atached

re the estimated quantities of water re-
quired for all vzes above the barrier. The quantitics here given are estimated ses
when al} area above the barrier is \{\\'\']ﬂp«\d and are Jiberal s, with an allow-
ance for limhmg 1o remove salt warer let in by ship locks and Jeaka The figures
show that wnder these conditiont the requirements for the full vear are:

Point San Pabia 2,024,000 Acve Feet
Army Poim . 160066 <«

864,000 ¢ o

Difference

For the irvigation pericd Mav to September, inclusive, the requiremw

R 1,236,000 Acre lLL(
633 000«

nis are!

Point San Pablo
Army Point

Differcuce .. csimesssssnsaiiiis DO O00: I “

The large diference comes principally from the guantity of water required 1o
operate locks and the inereased evaporation in the lower site. ln ether words, from
€% w cight hundred thousand acre feet are required to supply the additional un-
aveidable losses from evaporation and ship Jockages i San Pablo Bs

In the matter of cost, Young’s mates show for 2 barrier with 50 feet of
clearance the following: |
Paint San Pablo £73,200,000

Army Paint - 49,800,000

Difference ......... AD0,000
The convenience to other interests is of great importance. The Mare Tsland
Navy Yard i¢ Jucated above Point San Pablo but below Carquinez Strait, naval offi-
cers will object to the barrier. On account of the greater number of vessels which
pass San Pablo than through the upper end of Carquines Str:
objection to the upper wu.

t, there will be les

Barriers at both sites will serve a bridges. The San Pablo location will replace
a ferry now in operation—the upper site I Carquiner Strait will serve both for
rail and vehicular teaffic and will replace two ferries,

The oppartunity to combine the barrier with the Southern Pacific Railroad at
Port Costa should net be averlooked. The Railroad Company i contemplating
constrection of a bridge to replace the present ferry. 1§ the Army Point
Point site it telected by the railroad, the barrier can not be built on this site: Tn
some respects this is the mest attractive site ancl until final determination is made of
the location, ne permit should be given for a bridge across this place,

No comments
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STORAGE AND RELEASE TO CONTROL SALT WATER

“T'his method of solving the st water prablem has been suggested in several
recent publications of the Depariment of Pablic Works. Examination in detail of
the praposal: shows that “sali water control” means the sapplying of water of less
than 100 parts chlorine per 100,600 to the delta lands. Emmaton on the Saera-
ments and Jersey Island on the San Joaquin are the limits of control and no sug-
gestion has been made that it is practica) to release water to supply Antioch or any
of the lower industeial area. “T'hiz, in fact, leaves our of consideration the area new
meet seriously damaged,

Studies by the Division of Water Rights based on records including the year
1923 show that to control salinity below 100 parks cklorine per 100,000, the com-
bined flow of the Sacramento at Sacrumenta and San Joaquin at Vernalis (hath
points about the head of tide water in late swmmer) must exceed the following
figurest

contrel at
nmatm and Jersey Tsband ...
Antioch
Collinsrille
O & A, Fenr
These quantities will depend to tome exte
period when control is desived and willy of course, vary with the diversions bele
the points of measarement, Furthennore, storage of water above tide level will
by Timiting tire distance salt water is forced dowsstream by «pring

e anpply these guantities of water will require very large storage
3 I '

capacity in dry years.

In 1924 storage in excess of @ million acre feet would have been reguired
control salinity at the Oakland & Amtioch Ferry and 370,000 ¢ Emmaton and
Jersey, In 1926 over 500,000 acre feet would have been required at the Oakland
& Antioch Ferry and 200,000 acre feet at Emmaton and Jerser, Storage in large
amount would be needed abont half the years at Emmaton and Jersey and every
vear for control at the O. & A, Ferey.

The above it wnder the assumption that sorage and diversions in these two
valleys do not increase. As shown earlier, this condition has already been violated,
for there hae never been sach increased activity in building storage reservoirs s in
the period since 1924, Many reservoirs ase planned for construction in the near
futare. Furthermore, diversions increaze cvery vear. Fstimates of the quantities
required for storage control must therefore be continuously revised upwards,

Releaze of stored water, to control salinity, will oceur in dry pares of the year
and to the greatest extent in dry years, To effectively control the right of sorage
and release, all riparian owners below the reservoir must agree to the arrangement.
As the law now stands, the use of such a reserveir may be enjoined and it will be
imposible to prevent, except through litigation, the riparian owners from diverting
the released water. This difficulty can be removed by condemnation of rights along
the stream. The problem looks two large for human accomplishment in any reasom-
able time and at any seasonable cost. g

"T'o one acquainted with water problems in California, jt does not seem reason-
able to expect that in the dry part of a dry year a flow of 5,000 or more feer per
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second would be allowed to pass pumpe and ditches, under which erops were suffes- - n/a -
ing, in order that salt warer conld be pushed back into the ocean.

¢ cost of storage reservoirs to accompli > release for salt eomtrol,
the le definite information which permits a comparizon of costs, The fol-
Jowing statements are of some interest:

Kennett reservair i proposed by the State Department of Pablic Works as a
unitin the “Coordinated Plan.®  (See Bulletin 13, Department of Public Works,
1928.) The recommended reservoir capacity is 2,940,000 acre feet; the estimared
cost of dam and rights of we
total of $80,000,000. With allowances for prior rights, the mean annual
vield of reservoir will be 2,838,000 acre feet. In minimum years the deficiency
would be large; 19 per cont in 1920, 42 per cent in 1924, 11 this reservolr were
depended upen for ealinity control, the enire able supply would be needed to
at the mouth of the river, leaving no water for the area depending

igation. In other words, the very » en the reservair
3z mest needed it would be of lisde practi thermare, Kennett i not prac-
ticable unless operated to generate electric § If the water is held and released
for salt water control, the power value it greatly decreased,

Tron Canvon Reservoir is proposed 25 a secondary unit in the “Coordinated
Plan® (See Bulletin 13 of Department of Public Worke) The recommend
capacity is 1,121,900 acre fect; the catimated cost of dam and power plant 3¢
mated e $26,000,000; the canal system o tilize this water is estimated at $30,-
000,000, The reservoir may be utilized in contrelling liaity. To quote from the
above mentioned report, page 115:

“Bacrificing the power features at Tron Canyon dam wounld, with other
exception of the arrangement of outlets

h

¢ 35 i

control galt w;
on this reservoir for ir

1 nse. T

construction unchanged with
through the dam, supply a reserve storage of 364,600 acre feet of water in
Tron Canyon reservoir to overcome, or alleviate, the salt water menace in the
delta region should such be desirable. Such use is not advocated, but it i
demonetrated that there are possibilities along this line”

Should the irrigation feature likewise be disregarded, Iron Canyon would pro-
vide a net annual ation draft of §00,000 acre fect or just about enongh water
10 control salt water as Jow as the mouth of the river—provided the water could be
carried past head gates and pumps on its way to tidal waters. Under this condition
the power feature would be sacrificed to a larger extent. 1t s diflicult to picture o
dry year when water and power are bath scarce, in which it would be possible to
release n large quamtity of water, disregarding its best vse for power, and have the
siparian and appropriative weers of water along the hundred and fifty miles of the
Sacramento River permit flow 1o pass by uninterrupted 1o tide water. The plan
does not Jook practical.

Other reservoirs may be used for the same purpose, that of increazing the flow
to control salt water. For cxample, a reservoir on Feather River has been suggested,
another on the American at Falsom. Both of thete reserveirs will have e for
power development and that value will be greatly reduced if a large quantity of
water is held for saline control. The most practical suggestion is in connection with
a reservoir on Dry Creek, north of the Mokelumne, the water to be srted from
the Mokelumne River, The rights cbtained by the East Bay Municipal Utili
Districe for storage in Lancha Plana Reservoir practically eliminate this reserviir
from consideration,

In connection with the proposl for storage and release of water, it should be
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rememberad that the State Department o
a temporary expedient, with the expectation that permanent relief would be brought
abaut by the construction of the salt water barrier. This state of affairs would leave
the delia Tands dependent on a temporary right to be replaced by 2 permanent right
which would be arranged for at some Jater ti With the growing cendition of
At the temporary mpp]\’ will be invaded by incrensed
a very v right, not one which will ~ansf~- the delta
ownel hl*:humnru. the plan does not consider users below the deita, either
BARS OF nuim—{ncs.

cring hat made the suggestion as

California and the certainty

diversions, th precarious w

New industries will not be autracte 3 porary Improvement in water
conditions. Some permanent selution must be reach e Important to California
10 have the decision made at onee so that the great industrial expansion now going
on can be Jocated to @ maximum extent in this state,

WATER FROM QUTSIDE SOURCE

Water may be brought in from eutside sources to supply the towns and indus-
tries along the its and Suisun Bay. It is not likely that the agricultural lands
can be recliimed by any ocutside source of water on account of the high cost. But
for the uses of towns and factories it is possible (o sccure outside water.

Under present conditions water cannot be drawn at any paint on tide water

ut either running the risk of getting salt water or of jnterfering with rights
abready vested. 1t may be possible to pump during the fresh water peried into reser-
voirs and o pipe the water thus stored along the waterfront, supplying both demestic
and industrial consumers, Reservoirs of good size are available in the Montezoma
Bills north of Suisus Bay and 2 few mall reservoirs ase found on the swouth side of
the bav. No estimate has been made of the cost of this method. Surveys bey vond the
scope of this report would be required. 1t is known that the cost would be Jarge,
though cheaper than any other known source.

v

Other possible outside sources arc:

fel River-—a supply which has heen suggested for borh San Francisco and East
Bay cities, The distance to Carquines Strait is 125 miles. Harroun cmlmtcs the
cost at $22,000,000 w carry 30,000,000 gallons daily to south sides of Carquinez
Stra

Conn Valley—a small tributary to Napa River with probable yield of 10,000,-
000 gallons daily, Cost not known but the supply would only furnish a part of
present needs and would provide nuthing for future growth.

Putah Creck—a triburary of Sacramento north of Dixon. Cost not keown.
About 30 mile: north of Suisen Bay, Complicated with riparian claims. All storage
at considerable distance In mount

Mokelumne or Cosumnes—draining Sierras north of Steckton, Cost unknown.
Early rights conflicting. About 75 miles distant.

Pumped water from San Joaquin Valley—11 has been suggested that the jrriga-
tion districts in the San Joaguin Valley could deliver pumped drainage water into
the river 1o be pamped out abeve salt water limit and delivered to industries and
rowns along the bay through pipe lines,

East Bay Municipal Utility District——The main pipe line of this district paral-
lels the bay shore from Antiock to Bay Point. To secure water frome it the area
must enter the district. The distriet has voted $64,000,000 to complete a 60 m.g.d.
supply. Water wili be costly if the cntire cost is collected from raves, and there
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is littde incentive for Contra Costa County and towns to enter this or
The water it o costly for the heav
waterfront.

All of these sources are g0 distant and costly that the supplies are more of the
nature of domestic supplics than of chieap indusinial water supplies such s are re- i
quired in any large and growing industrial region. None of them solves the =l 1
water problem as affecting construction along the waterfront and nene of them can i
poesibly be made av. ailable for agricultaral industrics on the bay lands,

THE BARRIER AS A UNIT' IN THE STATE COORDINATED PLAN OF
WATER CONSERVATION

A plan for the development and use of all waters of the state upon 1 coordi-
nated plan has been preseated in part 1o the Legislatare by the State Department of
Public Warks. This plan provides for the storage and utilization of all water re-
quired in the Sacramenta Valley and the transmision of excess water to the San
Joaguin Valley for wse on lands for which insufficient water can be supplicd from
local sources. ‘The salt water barrier is  necessary unit in this plan, for water cn :
net be carricd through the delta with tidal fow bringing salt water in and out of
the channels twice a day.

GENERAL DEVELOPMENT OF BAY REGION |

The entire bay region is interested in the st water problem in that the pros-
perity of the region immediately concerned affects the prosperity of the cities. The i
industrial territory along Cnrqumu Strait is essential w the well being of the whele |
state, The Indwstries are fundamental 1o modern civilization, Oil, gasoline, Jubri-
cants, steel, fertilizers, sugar, leather, tinber, soda, chlorine, frr.-~pruof roofing, paper
board, brick, tile, flour, mill fecd, and the rem. ning varieties of manufactured
products are necessities of modern existance. T'o have them sbundant and cheap is
greatly w ihe advantage of modern sociery,

Many of these factories would be cassed as muisances if located in 2 h'ge city,
an accotnt of the odors. Cmqmm‘;r Steait and Saisun Bay have regular winds which
prevent a serious nuisance in this Jocality., Other communitics are not so fortunately
situated.

The ratie of factory unpl:m...e to population of wwns i sbout 1 1w 4. This
means that the p.:pul.mon of the wwns immediately surrounding the indusiries
will grow as the industrics thrive. “This population in owns makes a market for the
products of the cities and the multitude of manufacturing establishments which have
located in the cities. The heavy industries in turn furnish raw material for wse in
the factories in the ¢

As a result of this interlocking of interests, the large cities of the bay region
have a direct interest in seeing a salt water barvier established. Behind ity around the
fresh water lake thus created, there will grow up a thriving industrial commuaicy
cngaged in the production of essential materials which could not be produced within
the citics themselves.

CALIFORNIA NOW IN THE INDUSTRIAL AGE

California is now in an age of industrial growth. Approximately one-third of
the people of the state are engaged in manufacturing and mechanical industrics as
compared with Jess than 20 per cent engaged in agriculiure, foresiry and anim;
husbandry {the next Jargest class of workers), The present growth of the state is
due Jargely 1o the activity in industrial matters,

THE SALT WA

ation. - n/a -

industrics, such a¢ now are located along the
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Students of population growth recogmize cyeles of increase in population.
T'here scems to be a definite limit to the number of people that can be reached in
any sct of circumstances, The growth of California very well illustrates three cyeles
of growth, In the early days of the state, mining was the attraction and the whole
life of the community centered around the mines. As mining reached its climax
in the seventies, agriculture came to the forefront and there was a continuous growth
on this account. ‘The agricultura] era lasted until about 1915, In the meantime,
through the discovery of oil and the unprecedented development of the electrical
industry, cheap power was made available and manufacturing began to grow. At
present there is very little actual increase in agriculral population but a large in-
crease in industrial activities, So far as it is possible to see in the future, our growth
will be industrial. Agriceltarists have Jearned to grow more crops with less man
power and there is comparatively little likelihood of any large increase in agricul-
tural population. The problem: of the state are nowadays to a Jarge extent those
of the people of the towns and citics and industrial arcas,

DISTRIBUTION OF BARRIER COST'

Several intercsts should share in the cost of this barricr.  As has been shown,
conditions now existing have Leen brought sbout by devclopments on the higher
parts of the watershed, an area covering 32,000 square miles. The Bay cities will
be contributing 1o the salt water problem by diversions which they propose to make
out of the hed. The agricaltural interests through both valleys are using
fresh water in sach a way as to contribute to the salt water troubles of the delta
Jands and the industrial territory, The power companies through use of water in
the watershed also affect the problem, and in addition these companies are interested
in the increase and prosperity of the industrial region, Other public utilities in
this region have the same interest in its prosperity.

The problem is so large and its interests so widespread that it may be said to
be state-wide in scope.

The federal government through its control of navigation, as well as its general
interest in the prosperity of the country, is likewise interested in the problem. The
California Debris mission and the River and Harbor work under the Chiefl of
Engineers of the Army already are engaged in river improvement and in control of
reclamation work o far ss it affects navigation, [t would appear reasonable, there-
fore, to have participation in this construction work by the federal government.

Tocal interests which will receive direct and tangible benefits from this barrier,
such as the towns, cities and lands which can e water direetly from the fresh water
lake above the barrier, should contribute 1o the cost of the structure. The delta
lands so far as they divert water from tide water levels should also be included in
the area contributing because of benefits.

Railroads and vehicular traffic utilizing the barrier as foundation of a bridge
should pay the value of this service, 1t scoms reasonable that railroad and vehicular
traffic could reasonably contribute a large sum for the use of the bridge.

It appears from examination of Young’s estimates that the sum of $45,000,000
will complete a barrier with a bridge at n point near the upper end of Carquinez
Strait. A detailed coonomic study should be made to determine the proportion of
the cost that should be borne by cach interest involved. &
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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 penewrated 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 plant-
ings of rice and other crops in the Sacramento Valley, resulted in penctration
of salt water into the Delta for a longer time and to a greater distance up-

stream than ever known befeore.

E of available inf fon thows 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 st
water. ‘This slow effect was hardly noticed until 1918.

6. lrrigation and storage are not solely responsible for the influx of salt water.
The load of hydraulic mining debris deposited in the streams draining the
Sierra Nevadas is a minor facter in the problem, As the sediment moves down-
stream the tidal prism 15 changed and the movement of water i afected.

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

8. Leveeing of basin lande 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 increaced the tendency for salt water to flow |
up-stream, Dredging in Suisun Bay and in the deep water channels o Stockon |

: : < 5 |
may have the same tendency. All increases in channel depth and in straighten-
ing of approach have a tendency to increase up-stream flow of slt water,
though a quantitati i of this tend cannot be made.

10. [Irrigation now diverts the entire low flow of all streams entering the San Joa-
quin Valley, The only flows reaching tide water in late sammer 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-bevels from the river. The San Joaguin 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 Sacramento Valley in late summer diverts practically ail the

flow of streams entering the valley floor. The Aow of the river at Sacramentop

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

The low flow at Sacramento waz 500 second fect in 1920; 2750 in 1921
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3200 in 1922; 3100 in 1923; 703 in 1924; 2760 m 1925; 1330 in 1926;
and 3420 in 1927,

The area irrigated in the delta of both rivers is now 360,000 acres. The quan-
tity of water vsed by this Jand has not been determined with any accuracy.
Comparing erops and other conditions affecting use of water, it is probable
that the annual consumption approximates 134 acre feet per annum. Twenty
per cent of the annual amount is wsed in the summer months of greatest evap-
oration. At this rate the consumption of water by the delta area is at the rate
of 2100 second fect in the summer. This exceeds the flow into tide water by
the river in all years of low flow,

Records of salt content of the water have been collected by the Division of
Water Rights since 1917, The area of delta land surrounded by st water
(100 parts chlorine per 100,000) at high tide is shown in the following
table:

Approximate Stream Area in Delta
Year Flow before Divers Surrounded by
sions in Per Cent Salt Water,
of Normal. Acres
1924 24 169,000
1926 T —————————— 53 58,000
1925 S e 74 8,500

1927 100 5,000

Contrary to popular opinion, the period since 1918 has not been one of stag-
nation in irrigation development. A number of large storage reservoirs have
been built and placed in operation since then. OF approximately 4,000,000
acre fect of storage reservoirs on streams draining through Carquines Strait,
33 per cent or 2,723,000 acre feet have been built since 1920. Diversions of
water, particalar]ly on the lower San Joaguin River, have increased,
The area under irrigation has steadily increased in both valleys. In 1926 it
3 estimated that 1,250,000 acres were irrigated in the floor of the valley with
3,900,000 acre feet of water by diversions from streams draining toward Car-
guinez Strait. 1f mountain valleys and lands irrigated from wells are in-
cluded, the total area irrigated is probably over 1,750,000 acres.
Further extensions of irrigated area are being planned in both valleys. Within
the next five vears the bay cities will have diverting capacity of about 185
feet and will control 431,000 acre feet of storage reservoirs. These
enterprises will tend to increase the salt water menace. There is reason to ex-
pect the same menace of salt water as occwrred in 1920, 1924 ad 1926 w0
be present every year,
Salt water will penetrate the Jower delta region every summer under present
conditions, The distance water will flow up-stream will depend less and less
upon the flow of streams into the valleys as the increase in use of water con-
tinues, About one-half of the delta is likely 1o be menaced any year. The
area may extend beyond this line.
There is now no legal control of diversions, other than by the slow and costly
process of litigation, except upan 4 few small tributary streams where the Di-
vision of Water Rights has completed adjudications. Litigation bepween Jower
users of water in the delta and upper riparian users and appropriators has been
in progres: for several vears, Other litigation may be started, The legal pro-
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cesses are 50 slow, cumbersome and costly thae Jivtde resait is 1o be experted for - n/ a-
many years, if ever,

‘The outcome of present litigation will be disa
contentions of either of the parties 10 1
paria

trous if the courts nphold the

igation. If the delta lands have ri-

rights to the waters, a large area of land will have to release water, and
storage reservoirs constructed by power companies will be decreased in efli-
ciency and value. On the other hand, if the courts decide that riparien rights
do not attach to lands on tide water, the delta will be further menaced by salt
water and there will be grave danger of permanent injury to a large area of
Jand.

19, The engincering study of a salt water barrier made by Walker Young, of the
Bureau of Reclamation, in cooperation with the Department of Public Works
of the State of California, concludes that the construction of sach a barrier s
feasible. Investigations were made at three sites—Point San Pablo, Dillon
Point and Army Point. The estimated cost of the barrier with and without
bridges is given in the table on Page 60.

20, “T'his barrler will maintain a fresh water reservoir free from tidal Suctuations
and currents other than those cansed by the flow of river water toward the
sea. The level of water up-stream of barrier will be maintained at the highest
practical Jevel. Young estimates this Jevel at elevation 2.5, U, 8. G. 8., or 6.0 i
on tide gage. It is probable that this height of water will be controlled by 1
conditions of Jevees in the peat arcas.  As these Jevees become more stable the i
Jevel can be increased. Flood levels will not be increased above those of floods
in the past, in fact flood conditions will be improved in all but the most severe
and protracted floods,

21.  The salt water barr

iery if built, will affect agriculture and the industries and
activities along the bay and lower river as shown in the following statement:
A, AGRICULTURE
(a) A smlt water barrier at Point San Pablo will make fresh water available
far the irrigation of 31,000 acres of marsh and 48,000 acres of high Jand
around San Pable Bay, There is no known source of water for this area of
land at present. 1 such lands are increased $50 an acre above cost of irriga-
tion works, the total increase in value will be $4,950,000,
(b) A salc water barrier in Carquinez Strait or at Army Point will make
fresit water available for 163,000 acres (marsh 70,000 acres; high lands
93,000 acres) around Suisun B ‘There is no other known source of water
for this area. At $50.00 an acre, the increased value above cost of irrigation
works will be $8,150,000,
(c) Either location of barricr will solve the irrigation problem for the lands
now irrigated from tide waters in the delta and adjoining it.  The arca now
watered is about 360,000 acres. The total arca of irrigable lands is estimared
a3 458,000 acres. T'he arca menaced by mlt water is 169,000 aeres, The
value of this Jand s $35,000,000. Tmprovements at 20 per cent of land
value add anether $7,000,000,
There will be some increment in vatue to all the delta area from the security
which the salt water barrier will bring about,
(d)  The salt water barrier will benefit the areas up-stream from tidal lands
by remeval of litigation which it new a source of expente and annoyance and
which is an obstacle to future projects,
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SALT WATER BARRIER
Comparison of Edimated Cans for Alternate Design @t Four Sites
DISTINGUISHING FEATURES OF ASSUMITIONS OF DESIGN

Highny and Ralbway Bridge Lucks Fload Control Gates \
Yo. Estimited | Minimum P | Pier
Cot | Clannee | Decks a | N Location No. | Sie Location Width
at Locks Towers I
ARMY POINTSUISUN POINT AND ARMY POINT-MARTINEZ
1 46,300,000 No Bridge 3 InSuisun Point lg ;g;% Partially in Suison Pt 20,
49800000 S0Pt Single Conerete 3 In Suisun Point do do  Partially in Suisun Pt. 15-20

2

3 54100000 GOFL  Single Concrete 3 InSuisun Point 30 50x60 Partially in Swisun Pt 15Ft
4 S900000 S0Pt Single Conerete 3 OffshorefromSuisunPt 15 7080 Partialy in Suisun . 20t
5 BE500000 S0Ft Single Conerete & OffshorefromSuisunPt 30 50¢60 Partially in Suisun Pt. 15F1.
§ 7740000 S0FL  Single Conerste 3 OfshorefromMutines 15 7030 Offshore from Martines 20 Ft.

RENICIA-PORT COSTA
T 40200000 No Bridge 4 InBenicia 40 50x80 Offshote from Bemicia 15 Ft.
§ 46200000 50Ft Single Conerete 4  InBenicia 30 5060 Offshore from Benicia 16 Ft.
DILLON POINT-ECKLEY
9 38,800,000 No Bridge 4 InDillon Point 15 T0x80 Offshore from Eekley 50 Ft.
10 44700000 30Ft Double Conerete 4 InDillon Point 15 70x80 Offshore from Eckley 80Tt
1 44900 50Ft. Double Steel 4 InDillon Point 15 T0¢80 Offshore from Eekley 50 Ft.
1 41600000 13K Double Stel 4 InDillonPoint 15 7080 Offshare from Eekley S0Ft.
1§ 50400000 50Ft. Double Conerete 4 InDillon Point 21 T0x80 Across Carquines Sts, 50
14 50800000 50Ft. Doudle Steel 4 InDillon Point 21 T0s80 Acrogs Cargquines Sts. S0FL  (
15 53300000 195F%. Double Sted 4 InDillon Point N T0x80 Across Carquines Sts. MFL €
16 97100000 50F%. Single Conerete 4 InDillon Point 15 70:80 In Dillon Point A0t T
POINT $AN PEDRO-POINT SAN PABLO E
17 66,000,000 No Bridge 5 InPoint §an Pablo 15 70182 Offshore Pt. San Pablo 20 Ft. 23
B 75200000 50 Single Conerete 5 InPoint San Pablo 15 70662 Offshore Pt San Pablo 2FL 5/ 0)
19 8210000 S0FL  Single Conerete 5 InPoimtSanPable 15 70682 In Point San Pablo  20Rt. -t@é&
One estimate oy i given for the Amy Point:Martinz Location—Estimate No. 6. g‘o 0
& This site was not delled—Estimates bised Licgely on asnumed foundation eonditions exsept for S. P Co et pile data NG =
NOTE—At all sits estest Dillen PointsEekley, conditions are sueh that Bood gates, locks, pier, e, would be consiructed in the dry belind wfier N @ T
dari, A limiting depth of 90 feet Selow mesn sea level b rock surliee i assumed for this method of eonstriction, The depths at Dillos Peint- * € 3
Eckley exeeed ths, and Esimates § to 15, inchisive, ave bused upon the phacing of ctnceete undet veater by the treiic msthod wing exisson gates for N% =3
the final work o the Stoney Roller Gates, Estimate 16 wies construction nicthods comparable o thase at the aiher sites a1 the food gates are placed g 8
in Ditn Pait ols
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(e} The salt water barrier i3 a step in the direction of carrving out the - n/a -
state’s plan of supplying water to the Sonthern San Joaquin Valley——a step in
the coordinated plan of water development, It is the first portion of the
project which should be built,
B, INDUSTRIES

Industries occupy a large ares of land along the waterfront of San Francisco
and San Pablo bays, Suicun Bay and Carquinez Strair.  Between Oleam and
Antioch there are seventeen large industrial plants and a number of smaller
ones, On the north side of the straits there are two large industries besides
the Mare lalind Navy Yard and Benicia Arsenal.
‘These industries are of the “heavy” tvpe, fundamental industries, which

oduce essential prodacts necessary both in war and peace.  Steel and iron,
petrolenm products, chemicals, fertilizers, powder and fuse worke, leather,
Lriek and tile, flour and feed, reofing lumber and wood products, fish, canmed
goods and sugar arc produced in large quantitics. The products of these
works have an annual value of $230,000,000, Freight in and owt of the
district approximates 14,000,000 tons a year, Expenditures for electric
power average $800,000 a vear, The average number of emplovees is 8500,
having an mnual payroll of about $15,000,000. The portion of the popula-
tion of towns and suburban territory dependent on these industries includes
30,000 inhabitants,
The industrics are large wsers of warer, At present 10 million gallons a day
are uged, not including the Navy Yard or Arsenal, and the annual increase in
use by the establighments is one million gallens a day.
Immediately adjoining the industrial area above described are other large
establishments which eould receive benefit from the fresh water resrveir
ereated above the barricr.  If the rone along the waterfront to Richmond were
included, the annual value of products for the whele twrritory would be
$515,000,000; the number of emplovees 17,0005 the annual payroll $29,-
000,000, A part of this area is within the Eagt Bay Municipal District, !
Since the alt water menace became widely advertised through the Antioch
litigation, only one new industry of large size has been cetablished in this
territory,  The factories already established have continued to grow but the
about fresh water has discouraged new indusiries secking location.
Fresh water in large quantities at Jow prices is essential to the prosperity of 1
such estabiishments.  Water from any existing utility or municipal distrier
is 100 high in price for these “heavy” industrial plants.
Ordinarily such werks locate where water can be had for the cost of pumping,
and such manufacturing establishments will not go to any place where prac-
tically free water is not available. There i3 no other location in California
suitable for heavy industries where this condition can be created,
The establishment of new basc industries will be attracted to abundant cheap
water. 1f California doct not provide the proper location, Seattle or Poni-
Jand or some other northern locality will offer greater inducements and many
industries will establich Pacific Coast branches in these northern vities. There
are in these other states large areas of Jand where pure fresh water is abundant
and may be had for the cost of pumping from permanent runaing streams.
Further than this, rates for water in the cities are cheaper than in California.
Below are given the costs of 300,000 gallons of water in the principal
Pacific Coast cities:

THE SALT WATER PROBLEM
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Cont of 500,000 Gallons of Water Per Monti

Portland . e e BE

Seattle 32.94
One of the greatest needs of the state today is a fresh water reservoir around
which factories could be located with asurance of a permanent supply of
water,  Probably no single accomplishment in the construction program now
under discussion would de more toward progress. More factories mean
greater population and more local markets for agricultural produce, and the
general level of prosperity of the state will be raised.
Salt water i¢ detrimental to the piping and more costly w handle in factories
of this sort. The increased annual cost to the users of smline water is esti-
mated to be $300,000 a year through deterioration of equipment and piping
in the industries now established. ‘This sum capitalized ar 6% means the
equivalent of an investment of §5,000,000,
Some of the industries, notably the sugar refinery at Crockett and the
chemical works at Pitsburg and Nichol, require water free from zaline matter.
The presence of salt water in the river for long periods of each year has been
the cause of much expense and in these cstablish , and brings
serionsly to consideration the ability of these factories to continue to exist
under the trying conditions.
The salt water barrier will remove the cavse of additional expense to the
plants now located here, will encourage their more rapid growth, and will
offer a great incentive to new establishments w Jocate here. Large industries
require, in addition to large quantities of pure water, cheap power, efficient
transportation facilities, preferably both v rail and water, and 1 good climate
attractive to Jabor. The lower river and upper bay regions lack only water.
The salt water barrier will supply this single deficiency. 1f the barrier is not
built, California, without deubt, will lose many important factories.

C. DOMESTIC WATER SUPPLY

The domestic water supply of towns along the strait: in Suisun Bay is high in
price and limited in quantity, Vallejo, the only exception to this statement,
recently has constructed Gordon Valley Reservoir on Suisun Creck, and has a
permit to store 10,000 acre fect and to divert 5,000 acre fect amnually. Other
wwns have no large amount of water for future growth. In fact lack of
available water has been a deterrent to the location of industrics and the
resultant increase in population.

A salt water barrier will solve the water difficulties. If the barrier is Jocated
at San Pablo Point, the entire area can be supplied with fresh waters if the
barrier is located at Army Point or in Carquinez Strait, all towns on Suisun
Bay and in the lower river will be on fresh water; towns below :h_u barrier,
such 25 Crockett, can be readily supplicd with short pipe lines heading above
the barrier.

Either barrier will be of benefit to the city of Sacramento in prevemting the
up-flow of tide and reducing the menace of ewage water being carried
toward the water intake,
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. TRAFFIC ACROSS STRAIT i - n/a -
Routes of travel between northern and southern parts of the state naturally 1
pass through Carquinez Strait,. The Southern Pacific Company maintiins I?

ferries for traine between Benicia and Port Costa and for passenpers between
Vallejo Junction and Vallejo, The Swcramento-San Francisco Railroad main-
tains a train ferry from Mallard to Chipps lsland, A bridge for vehicular
traffic now crosses the strait just below Crockett. A ferry for automobiles
and pastengers is maintained between Martinez and Benicia,

At Richmond an sutomobile ferry is in operation a short distance below the
site of the proposed salt water barrier at Point S8an Pabla.

A barrier ar San Pablo can be made to serve as a bridge, There are now twe
applications for bridge permits near this place. The etimared cont of thes
Dbridges is from $10,000,000 tw $20,000,000. ‘The diffcrence between the
cost of a barrier with and without bridge is estimated by Young to be
$9,000,000,

At Army Point a bridge 50 feet above water inereases the cost $3,500,000; at
Beaicia 2 bridge 50 feet above water level increases the cost $6,000,000; at
Dillon Point a bridge with a clearmee of 50 feet inercases the cont
$3,800,000; a bridge with clearance of 135 feet increases the cost $8,700,000.
Approximate figures indicate that a railroad bridge near the location of the
present Sonthern Pacific ferry beiween Benicia and Port Costa will cost in
excess of $10.000,000. Upon this estimate railroad transportation could
bear a part of the cost of barrier. Vehicular traffic is growing so rapidly that
there will be need for a second bridge across the straits within a fow vears,

L. POWER COMPANIES
The power companies are interested in the salt water problem because it has
decreazed their market for power by discouraging mew plants from locating
here and by reducing the growth of thowe already established.
“The litigation over water rights may seriously affect their plants supplied
from storage in the mountains.

F. FISHING INDUSTRY
Fishing in the bay and rivers is important.  Salmon, shad and striped bass arc
important commercial fish, It and emaller fish are important in furnish-
ing food for commercial varie Sturgeon are nearly extinct but § the
ver of the Fish and Game Commision to prevent complete extinction
to cncourage increases in this species.
The sale water barrier will be an obstacle to migrating fish during Jow water
seasone,  Young's plans provide for fishways and it is his belief that fish will
use the locks and that on the whaole the barrier will not ebstruct the migration.
Objection to any forms of barrier will be raised by the fishing industre.
Wherever the structure is built there will naturally be some obstruction to
free migration of the fish. It is probable, however, thar the structure can be
so designed and operated a5 to do only a small amount of damage.

G. NAVIGATION
Any barrier is an obstacle w {ree movement of vessels, and it §s to be expected
that owners of vessels will object to the project.  This objection arises Srom
the delave caused by using Jocks and the danger of handling vessels in such
restricted quarters, particularly in foggy periods,

|
i
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As w delays, it may be said that ordinarily the time Jost in wansit through
Jocks will be regained by the freedom from adverse currents above the locks
While thiz will depend upen the place 1o which the vessel i bound, it is be-
lieved that for the great bulk of traffic the delay is likely to be small.

The danger to vessels maneuvering in approach to locks is of course real, but
with the safeguards now provided for vesels the risk is small and there are
compensating advantages. - The ability to dock without tidal corrents, as wonld
be true above the barrier, is both a saviag in time and reduction of risk,
The cleanting action of frech water upon the bottoms of ocean-going vessel:
is valuable,

The fear that the basrier will cause silting in channels ar will create changes
in the Golden Gate bar does not scem to be well founded.  Sediment moves
almost entirely ar flood times when the barzier will be open and the current
constantly down-stream. The movement of sediment will probably be facili-
tated rather than retarded.

Owners of shipping facilities are of course intcrested in the growth and
prosperity of the communities served.  The industrial area which will grow up
around the fresh water reservoir abeve the barrier will produce Freight for
vessels at @ greadly increased rate. The depth of water throngh Suisun Bay
and to Stockton will be increased 10 26 feet under the plan already adopred
by Congress. This depth of channel will be ample for from 73 to §8 per
cent of the vessels normally entering the Golden Gate during a year.

In considering the location of the barrier, the extent of shipping is im-
portant.  The farther downstream the greater the taffic through locks, the
greater the guantity of water required for lock operation, and the greater
will be the objection by the shipping interests. In this regord the upper
Jocation of the barrier will meet with the least objection.

The Navy Yard is above San Pablo site and naval officers will probably be
impressed with the difficulties presented by the barrier In time of war. Here
we have another and important reason for the selection of the upper site.

H. STRUCTURE BUILT IN WATER

Teredos and other wood-destroying animals have caused damage to structures.
in 8an Francisco Bay waters in excess of $23,000,000 since 1914, according 1o
catimates made by the San Francisco Bay Marine Piling Committee. In the
upper bay region, teredos have gone as far a5 Antioch,  All stroctures built in
water which may become brackish must be constructed of treated piles or of
concrete.  Brackish water earvied np by rides will continue to canse grester
expense in all struetures built in water and greater maintenance cosmts. It is
difficult to measure this damage in dollars, but it is a very considerable sum
annually.

A alt water barrier will reduce the maintenanee cost of structures and will
make it practical to build structures as cconomically as was done prior to the
invasion of salt water.

1. ‘THE BARRIER AS A UNIT IN THE STATE'S
COORDINATED PLAN OF WATER
CONSERVATION
& plan for the development and use of all waters of the state upon a co-
ordinated plan has been presented in part to the legislature by the State De-
partment of Public Works, This plan provides for the storage and utilization
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of all water required in the Sacramento Valley and the transmission of excess - n/a -
water to the San Joaquin Valley for use on lands for which insufficient water
can be supplied from local sources. The salt water barrier is a necessary unit
in this plan, for fresh water cannot be carried through the delta with tidal
flow bringing salt water in and out of the channcls twice a day.

J. GENERAL DEVELOPMENT OF BAY REGION
The entire bay region is interested in the salt water problem in that the
prosperity of the region immediately concerned affects the prosperity of the
cities. The industrial territory along Carquinez Strait is cstential to the
well-being of the whole state. The industries are fundamental to modern
civilization. Oil, gasoline, lubricants, stecl, fertilizers, sugar, leather, timber,
soda, chlorine, fire-proof roofing, paper board, brick, tile, flour, mill feed, and
the remaining varieties of manufactured products are necessities of modern
existence.  To have them abundant and .cheap is greatly to the advantage of
modern society,
Many of these factories would be classed as nuisances if located in a large
city on account of the odors. Carquinez Strait and Suisun Bay have regular
winds which prevent a serious nuisance in this locality. Other communiries
are not o fortunately situated,
The ratio of factory employees to population of towns is about 1 to 4,
This means that the population of the wwns immediately surrounding the
industries will grow as the industries thrive. This population in towns
makes a market for the products of the cities and the multitude of manufac-
turing establishments which have located in the cities. The heavy industries in
turn furnish raw material for use in the factories in the cities
As a result of this interlocking of interests, the large cities of the bay region
have a direct interest in seeing a salt water barrier established, Behind it,
around the fresh water lake thus ercated, there will grow up a thriving indus-
trial community engaged in the production of essential mzterials which could
nat be produced within the cities themselves.

CALIFORNIA NOW IN THE INDUSTRIAL AGE

22, California is now in an age of industrial growth. Approximately one-third

of the people of the stare are engaged in manufacturing and mechanical &
dustrics as compared with less than 20 per cent engaged in agriculture, forestry
and animal hosbandry (the next largest class of workers). The present growth
of the state is due largely to the activity in industrial matters.
Students of population growth recognize cycles of increase in population.
There seems to be a definite limit to the number of people that can be reached
in any set of circumstances, The growth of California very well illustrates
three cycles of growth. In the early days of the state, mining was the attrac-
tion and the whale life of the community centered around the mines. As
mining reached its climax in the 70, agriculture came to the forefront and
there was a continuous growth on this account. The agricuitural era lasted
until about 1912, In the meansime, through the discovery of oil and the un-
precedented development of the clectrical industry, cheap power was made |
available and manuficturing began to grow. At present there is very little
actual increase in agricultural population but a large incresse in induserial”
activities, Se far as it is possible to see in the future, our growth will be in-
dustrial. Agriculturists have learned to grow mere crops with less man power
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and there is comparatively little Jikelihcod of any large increase in agricul-
tural population.

The problems of the state are nowadays to a Jarge extent those of the people
of the towns and cities and industrial centers,

SOLUTION OF THE SALT WATER PROBLEM
The sabt water problem may be partially solved in several waps but completely
only in one way. Conditions may be ameliorated by storage and release of
water from reservoirs to push back the salt water or water supply from outside
sourees may be brought in to supply froch water through conduits or pipes.
The only satisfactory solution of the probiem is the slt water barrier.
These methods are briefly discused below:

STORAGE AND RELEASE TO PUSH BACK SALT WATER
‘This method of solving the salt water problem has been suggested in several
recent publications of the Department of Public Works, Examination in de-
tail of the proposals shows that “salt water control” means the supplying of
water of less than 100 parts chlorine per 100,000 to the delta lands,
Fmmaton on the Sacramento River and Jersey Island on the San Joaguin are
the limits of control and no suggestion has been made that it is practical 10
release wates to supply Antioch or any of the lower industrial ares. This, in
fact, Jeaves out of consideration the area now most seriously damaged.
Studies by the Division of Water Rights based on records including the year
1925 show that to control salinity below 100 parts chloring per 100,000, the
combined flow of Sacramento River at Sacramento and the San Joaquin at Ver-
nalis (both points about head of tide water in late summer) must exceed the
following hgures:

Cubie Feet

Far Conteol at Per Second
Fmmaton and Jer is00
Antioch ... 3000
Collinsville ... 5300
0. & A, Fer 6000

These quantitics will depend to some extent upon the months preceding the
period when control is desired, and will, of course, vary with the diversions
below the points of measurements, Furthermore, storage of water above tide
level will affect the matter by limiting the distance salt water is forced down-
stream by spring Aoods.

To effectively supply these quantitics of water will require very large storage
capacity in dry vears.

In 1924 storage in excess of a million acre fect would have been required to
control salinity at the O. & A. Ferry and 200,000 acre feet at Emmaton and
Jersey,

Storage in large amount would be needed about half the years at Emmston
and Jersey, and every year for control at the O. & A, Ferry.

The sbove is under the asumption that storage and diversions in these two
valleys dees not increase, As shown carlier, this condition has already been
violated, for there has never been such increased activity in builling storage
rescrvoirs as in the period since 1924, Many reservoirs are planned for con-
struction in the near future. Furthermore, diversions increase every year
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Estimates of the quantities required for storage control must therefore be con-
tinuously revised upwards.

Release of stored water, 1o control salinity, will eccur in dry parts of the vear
and to greatest extent in dry vears. T'o effectively control the right of storage
and release, all riparian owners below the reservoir must agree to the arrange-
ment. As the law now stands, the use of such a reserveir may be enjoined and
it will be impossible to prevent—except through litigation—the riparian
owners from diverting the released water, This difficulty can be removed by
condemnation of rights along the stream. The problem looks ton large for
human accomplichment in any reasomable time and at any reasonable cost.
To onc acquainted with water probl in California, it docs not seam reason-
able to expect that in the dry pare of a dry vear a flow of 5,000 or more feet
per second would be allowed 1 pass pumps and ditches, under which erops
were suffering, in order that salt water could be pushed back into the ocean.
As to the cost of storage reservoirs to sccomplish the release for salt control,
there is little definite information which permits # comparison of costs, The
follewing statements are of interest:

Kennert Reservoir is proposed by the State Department of Public Works a5 2
unit in the “Coordinated Plan." (See Bulletin 13 of the Department of
Tublic Works, 1928.) ‘The recommended reservoir capacity is 2,940,000 acre
feet; the estimated cost of dam and rights-of-way is $535,000,000; of power
plant $23,000,000; s total of $80,000,000. With allowances for prior rights,
the mean annual irrigation yield of reservoir will be 2,838,000 acre feet. In
minimun: vears the deficiency would be large; 19 per cent in 1920; 42 per
cent in 1924, 11 this reservoir were depended upon for salinity control, the
entire available supply would be needed to contral salt water at the mouth of
the river, leaving no water for the area depending on this reservoir for irriga-
tion. In other words, the very vear when the reservoir is most needed it would
be of litde practical wse. Furthermore, Kennett is not practicable unless
operated to generate eloctric power, If the water is held and released for salt
water control, the power value is greatly decreased,

Iron Canyon Reservoir is propated as a secondary unit in the “Coordinated
Plan.” (Sce Bul. 13, Dept. of Public Works.) The recommended capacity
is 1,121,900 acre fect; the cost of dam and power plant is estimated
as $26,000,000; the canal system to utilize this water is estimated at $30,-
000. The reservoir may be utilized in controlling salinity. To quote from
the above mentioned report, page 115:

“Bacrificing the power feature at Iron Canyon dam would, with other con-
struction unchanged with the exception of the arrangement of outlets through
the dam, supply a reserve storage of 364,600 acre feet of water in Iron Can-
Yon reserveir to overcome, or alleviate, the salt water menace in the delta re-
gion should such be desirable. Such use is not advocated, but it i demonstrated
that there are possibilities along this line.”

Should the irrigation feature likewise be disregarded, Iron Canyon would pro-
vide a net annual irrigation draft of 800,000 acre feet or just about enough
water to control salt water as low a: the mouth of the river—provided the
water could.be carried past head gates and pumpe on its way to tidal waters,
Under thiz condition the power feature would be sacrificed to a larger extent?
It is difficult to picture a dry vear when water and power are both scarce, in
which it wonld be possible to release a large quantity of water, disregarding

No comments

_n/a_
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its best wse for power, and have the siparian and appropriative wsers of water
along the hundred and fifty miles of the Sacramento River permit this flow
to pass by uninterrupted to tide water. The plan does not look practical.
Onher reservoirs may be used for the same purposc, that of increasing the
flow to control salt water. For example, 3 reservoir on Feather River hae
Leen suggested, and another on the American at Folsom. Both of thesc
reservoire will have value for power development and that value will be greatdy
reduced if a large quantity of water is held for saline control. The most
practical suggestion i in connection with a reservoir on Dry Creek, nerth of
the Mokelumne, the water to be diverted from the Mokelumne River. The
rights obtained by the East Bay Municipal Utiliyy District for storage in
Lanch Plana Reservoir practically eliminate this reservoir from consideration.
In conneetion with the proposal for storage and release of water, it should be
remembered that the State Department of Engineering has made the sogges-
tion #s & temporary i with the expectation that permanent relicf
would be brought about by the construction of the salt water barrier, This state
of affairs would leave the dela lands dependent on a temporary right 10 be
replaced by a permanent right which would be arranged for at some later
time. With the growing condition of California and the certainty that the
temporary supply will be invaded by increased diversions, this is a very pre-
carious warer right, not one which will satisfv the delta land owners. Fur ther-
more, the plan does not consider users below the delta, cither towns or in-
dustrics.

New industries will not be attracted by any temporary improvement in water
conditions, Some permanent solution must be reached. It is important
California to have the decision made at once so that the great industrial
cxpansion now going on can be Jocated to a maximum extent in this state.

WATER FROM OUTSIDE SOURCES

Under present conditions the towns and industrial area cannot look te any
place within tide water level for a source of water, Above tide Jevels the
following are the principal supplies which may be considered:

Fel River,

Conn Valley,

Putah Creck,

Mekelumne or Cosnmnes,

Pamped water {rom irrigation districts, San Joaguin Valley,

East Bay Municipal Unlity Distriet.
All of these sowrces may be considered, but as all are distant, with long pipe
lines and other costly works, they will be able to supply water only at relatively
high cost, prohibitory to the types of factorics now located in Contra Costa
and Selano Counties, Piping water across these straits will be a very costly and
diffcult affair. “The barrier removes the necessity of any pipe line crossing.

LOCATION OF BARRIER
For the purpose of providing fresh water to cities, industries and agriculiure
on adjoining land, the lowest Jocation of the barsier accomplishes the mo:t.
However, water supply, cost and convenience to other interests mwst be con=
sidered before the location can be selected. The following may be said on
these points:

No comments

_n/a_
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Water Supply.  The attached tables give the requirements for fresh water - n/a -
above the harrier upon the ption that develo is pl These

figures, in part, arc taken from the Young report—in part are the results of
studies made for this investigation.

Requirements for the full year are:

Army Paint... 1,160,000 scre feet
Point San Pablo. 2,024,000 * ¢
Diff -~ 864000 " 7
For the irrigation peried May to Scptember, inclusive, the requirements are:
Army Peint. . 638,000 acre feet
Point San Pablo. 1,236,000 * 7
Additional storage on the headwaters will be required to supply the barrier at
San Pablo.

Core.  Young's estimate of cost of barrier with bridge of clearance of 30
feet is as follows:

Point $an Pablo, $75,200,000
Ammy Point. e 49,800,000
Difference — $25,400,000

Convenience of Other Imteresrs, San Pablo site is below the Mare Island
Navy Yard, a great obstacle. Navy men will be against the project. Ship-
ping interests will he more inconvenienced with the lower site occupied. At
present about two-thirds of the vessels that pass Point San Pablo continue up-
stream above Army Point. The San Pablo site will be a convenience to
vehicular trafic. ‘The Army Point site will be convenient for both vehicular
and railroad traffic, though at present vehicular traffic is cared Ffor by the
Carquinez Bridge.

FINAL CONCLUSION

27, 1f the salt water barrier is boilt at Army Point to carry vehicles and rallroads,
and the proper part of the cost paid by these interests, the salt water problem
can be solved permanently and cheaper than by any other solution chac has
been suggested,

‘The cost of a bridge for rail and automabile traffic at Army Point cannot be
determined without more work than is possible in an investigation such as
this. It can be safely said, however, thar the cost will exceed $10,000,000.
Automobile traffic over the Carquinez Bridge (which has been in use less than
a year) is at the rate of approximately 1,100,000 biles a year and is
growing rapidly. 'There will be economic justification for an auto bridge at
Benicia before it can be built. Automobile traffic will justify an expenditure
of over $10,000,000. The two combined will be over $20,000,000. If this
figure is taken as the value to transportation, there will be left, approximartely,
an equal sum to be peid by other benefits,

Iron Canyon Reservoir, the only definite storage reservoir suggested fof*
temporary control, will cost $26,000,000. The salt water barrier would
permancntly solve the difficulties for a smaller sum.
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Year  Jam.  Feb.  Mar.  Apr.

1909 69 0 45 77

1910 9.6 100 38 3.0
1911 16 23 162 1.0
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[TABLE 1}

AVERAGE MILES TRAVELED BY WATER BARGL

AWAIIAN SUGAR COMPANY
May  June  July  Awg.  Sept.  Oct,  Nov. Dec

1908 19.8 116 125 140 129 167 26.3 268 33.2 27.1 248 257

5.0 47 105 194 232 242 210 117
6.4 10.8 204 26.7 27.6 25.4 246 19.7
2.0 07 57 164 232 245 247 255

1912 22,0 164 145 127 88 7.0 17.6 247 244 242 190 185
1913 164 136 132 99 6.9 103 210 257 266 27.8 261 204
1914 2.1 1.2 16 25 2.2 34 103 20.0 244 245 239 237
1915 164 23 3.1 43 26 37 126 20.8 244 242 230 175
1916 49 05 1.0 23 64 58 132 226 25.0 2L7 212 15.4
1917 16.0 13.1 63 63 3.5 4.8 155 249 262 260 25.1 244
1918 24.3 151 96 6.2 9.2 150 27.0 385 37.2 230 231 21.0
1919 204 94 7.7 5.7 43 140 353 377 377 268 157 253
1920 238 24.0 17.2 120 12.9 174 26.0

SACRAMENTO

Salmen
Native

4,529,048
3,860,312
2,511,127
1,763,066
2,243,945
2,640,110
2,778,846
1,261,776

920,471

[TABLE 3]

COMMERCIAL FISHING—SAN PABLO AND SUISUN BAYS AND

AND SAN JOAQUIN RIVERS
(Varietias)

Shad Striped Ruts Tutal

Planted Vhaned Froninds
1,573,713 759,733 6,862,194
1,409,322 668,290 3,937,924
97,128 569,608 3,907,953
1,109,445 682,717 3,887,228
1,285,334 906,869 +,436,148
1,538,735 658,244 +,837,089
2,439,441 836,301 6,054,588
902,202 749,571 2,913,551
4,103,012 644,789 5,668,272

Total, 9 Years.. 22,510,701
Mean... 2,501,189

known factors,

decrease in the speeics,

and a static condition in strip

15,158,332 6,506,214+ 44,175,247
1,684,259 732,913 4,908,361

The ron of fish will vary from veur to year in aceordancs with weather, feed and un-
A dow or high run for one year may not mean obsslute evidence of either increase or
For example, the exteemely low run af salman in 1927 does not necessarily wean still

lower run in 1928, and similarly with thad in reverse tendencs.
However, there seems to be a general decrease in salmon, probably an incvease in shad,

ed bass.

No comments

_n/a_
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[TABLE 2] COMBINED FLOW OF SACRAMENTO KD 5AN JOAQUIN TRIBUTARILS
(Fisee in Second Fest)
Year Jan. Fih, Mar. Apr. Mur Juae Iely Aug. Sept. Ot Nov. Det.
10060 6070 92200 95330 BREI 23060 53610 2EA9D Iz 9300 13060 11522 19,98
(G712 S6ND MU TLISE M g7 g8z I 839 74T 5630 11,071
QR0 M9 R0 SLI9L 3914 I 953 bRES BE LM /AT
1963 BAG MO GLI0 63686 183 &N T TG AR Bl 11,460
GO 950 2750 4 58 Ak 9mL 6722 615 BT STH 13,539
000 R4 G40 3091 GOE SMe 15608 B30T T4 759 8389 (947
Is6h SO0 41380 6LIH 1944 @3y W 80 RI9 BiM 1828 3,715
W ZME WIS S0 4190 A U8 909 BRI 100 SN0 1,819
BAIT 19348 02 6 WA AA0 SRL SEN SIL N6 HIN 15,004
0% G0 B005 E 607 5080 BAn L6 b Bi 866 9361 11,720
7 - UN6 AT IS G4 S0808 1RG0 o) R3M Tk TN SRS 11,358
9% 3599 10906 54356 TSI00 9973 455 169 139 10432
No allawance for power storagé or regalation.
Combination of ad
Sacramecto 2t Red Buff, Mokehmne at Cloments,
Feather at Orowle, Sunisdaus ac Kights Ferry,
Yt at Smartselle, Taohumae ac La Geange,
Bear at Fao Trent, Merced st Fxcheuer,
American at Faie Oaks, San Jongin at Friznt,
[ TABLE 4] POPULATION OF RAY COUNTIES= U. §, CENSUS
1920 1oin 1900 1860 1540 () 1860 1850
Ste 1426361 2377439 (485,053 1205,008  B6HG04 EOMT  FI09% 92507
: WL MGUD 01T 9ighe 62070 M2 897
A NI BME 1355 12425 sHL 5 0]
TV £ T 7/ TR YRR R N TR 1
WEE 90 64l 1S 06 it A5 T
COom9 GRAID 8815 40530 M0 880 2404 Wz
0676 16012 HATEL 208997 233050 19473 96802 250
80 ST Bl IEN WME O 2050 04E s,w@@e’
WIS 26585 1400 (0B RG%  G63 324 0o
WG TS0 M4 N9 B BEL A8 N33
N5 2
538
525
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[TABLE 5]
SCHOOL XNROLLMENT - n/a -
BAY SHORE DISTRICTS—CONTRA COSTA COUNTY
Elementary Schools: 1915 1921 1927
(o171 | 118 138
Antioch 454 731
) S N S ORI | 1122 1485
Bay Point H il 162
i = 403 792 1068
Port Costa - 108 75
Carquinez (Crockett) 572 617
e e T 99 128
Rodeo 132 198
Pinole Hereules e 158 2147
San Paolo 227 282
Richmond = 288 3380- 3997
Total Flementary. s cmans 5020 7262 9118
High Schuols:
Aatioch . J103 142 149
Pitnsburg - 183
Allambra, Martine 77 121 294
Juim Swett, Crockett. ... . 86 119 206
Rich d 242 633 754
Tutal High Sehool s 310 1037 1386
] 17 [ 7 | P 5530 B299 10,704

[''ABLE 6]
WATER-BORNE TRAFFIC
5, 5. ENGINEERING DEPARTMUENT DATA
(Total Muvement, Tomage and Values in Thowsands af Tons and
Thousands of Dallars)

Suisun Hay Carquines Strait San Pably Bay Grand Total
Year  ‘lons Value Tuns Valuz “Tons Value Tuns Value
191F Do Data  Incl, in San Pable 11,946 $212,592
1918 NoData  Incl, in San Pable 4,330 152,206

1919 305 $ 7,034 Incl in San Pablo 4,634 184476 4939 191,510
1920 4331 13,877 2,070 $97991 1,696 54,620 4,208 166,438

1921 362 19,670 1,720 2,019 96,077 4,301
1922 1,329 32,006 No Dara 2,682 115,234
1923 2,659 43,704 No Data 2,466 109,022
1924 2,341 51,006 No Data 4,200 156,999

1925 4,204 B8,670 7,673 IEL000 4754 234,409 16,631 506,079
1926 4,205 90,687 7844 135,522 4,667 260,920 16,716 487,129

‘Fotuls are only shown wheee data ave enmplete for atl divisions.

I addition to above, in 1926, Uhere wae a total of 1,752,000 tone valued at 3124,
047,616 to or from the Sacrameate and San Jeaguin Rivers, most of which passed
thiough Carquines Stralt, However, all of this having origin and destjmution in
the shove Bay divitiun, it appears there alio,

Railraad ferey frcight trafic acrass Carquinez Stoait was, in 1925, 2,706,000 wns; n

1926, 2,650,000 tons.
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[TABLE 7}
OCEAN-GOING WATER-BORNE TRAFFIC
U, 5 ENGINEERING DEPARTMENT DATA
{ Tonnage in Thonsands of Tour and Valuer i Thowands of Dollars. )

Sufsun Bay Carquiner Strait San Pable Hay Grand Tatal
Tons  Valse  Tans Value ans Value Tane Valut
2659 343,823 SI88 $147483 4011 360,999 11,858 $238,307
2495 41,173 4264 107,228 3866 58,942 10,625 207,343

Data do net permit 2 separation of bay business frem cccan-going business previous to
1925, and Carguinez Straits’ data are entirely Iacking for thee vears.

‘The magnitude of the Petrolenm Products traflic and he proportion of the tmal it
occupics are chvious when the fallowing 1ables are compared with the above. ‘
Suisun Bay Carquines Strait San Pablo Bay Grand Totxl
Toans Value Tons Value “Tang. Value Tons Value
2464 $34,391 4415 § 49,502 3837 345,714 10,716 $129,667
2168 33,063 3409 40,454 3708 43,837 9,285 117,954
OUTGOING BAY AND OCEAN WATER-BORNE PETROLEUM PRODUCTES
1925 347 320,811 2949 § 38,217 1019 519,783 4,315 5 TSI
1926, 615 29,989 2746 35,197 940 23,837 4,30] 59,023

Boes nat include Standard O Co. Richmond planis.

|TABLE 8]
SACRAMENTO AND SAN JOAQUIN RIVER TRAFFIC
U. §. ENGINEERING DEPARTMENT DATA
( Tonnage and Value:)

Saceamenta River San Joaguin River
Year “Pons Value Tans Value
19140, 496,147 § 29,322,151 631,681 § 32,878,108
503,283 32,139,048 600,128 35,768,215
477,292 27,753,325 632,591 38,834,539
733,394 33,856,791 §20,399 38,341,174
721,090 38,211,760 T30 35479741
766,933 38,027,703 B3L234 36,358,240
873,780 46,908,003 824222 42,179,160
947,600 06,820,002 1,890,856 50,367,760
1,053,310 113,991,123 2,114,382 65,204,825
1919..... 1,666,025 78,601,238 647,136 54,100,043
1920, 1,377,700 33,946,146 692,306 42,203,211
976,596 52,002,263 646,657 17,263,122
1,291,133 60,606,728 678,731 14,291,675
1,264,821 62,470,235 697,773 38,027,909
1,796,103 58,662,997 727,499 38,185,313
1,427,230 B0,500,143 B49687 47,192,499
1,222,993 85,315,284 934,809 56,453,662

Containg s movements between river puints il

No comments

_n/a_
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[TABLE 9] -n/a-
WATER REQUIREMENTS FOR OPERATION OF SALT WATER BARRIER
WHEN FULLY DEVELOPED
( Quantities in Second Foet)

Poiwr Sax Pam.o

I 2 3 4 5 & 7 8 o {£] 1" 12
Fisgh: Iadder_. 35 3% 35 35 35 35 35 3% 35 - 3% 35 35
Industrics, ete. . 322 322 322 322 322 322 322 322 322 322 323 322
Guie Leakage . 166 166 166 166 166 166 166 166 166 166 166 166
Oper. Locks . 705 705 705 705 705 ¥05 703 705 705 705 705 705
Fvaporation . 250 300 450 630 950 1200 1250 1170 1020 800 3500 200
Irrigation 610 1680 2290 1910 1150 .. s o
Flushing 200 200 200 200 200 200 200 200 200 200 200

‘Totals, 8. F._._1678 1728 1878 2078 2988 4308 4968 4508 3598 2228 1928 1623

[TABLE 1]

WATFR REQUIREMENTS FOR OPERATION OF SALT WATER BARRIER
WHEN FULLY DEVELOPED
{ Quantities in Second Feet)

Army Porer
1 2 3 L 5 [} i 8 | 10 11 12
Figh Ladder.. 35 2% 35 35¢ g5 '3%: 33 35 35 3% 3% 35
Industries, ete. . 135 135 155 1335 135 153 155 155 155 135 155 153
Gate Leakage . 166 166 166 166 166 166 166 166 166 166 166 166
Oper. Locks... 246 246 246 246 246 246 246 246 246 246 246 246

Fvaporation ... 110 146 200 288 422 530 555 522 455 155 221 89
IPrgAtoN covemeem scme "o i e 380 1050 1430 1190 710 e e
Flushing 200 200 200 200 200 200 200 200 200 200 200 200

Totals, 5. F..... 912 948 1002 1090 1604 2382 2787 2514 1967 1157 1024 891
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[TABLE 1] -n/a-
WATER REQUIREMENTS ABOVE SALT WATER BARRIER
WHEN FULLY DEVELOPED
{ Quantities in Acre Feer)

Army Point Point Su Pable
January 36,000 102,500
February 52,500 95,500
March . 62,000 115,000
April 63,000 123,000
May ... 98,500 184,000
June 147,300 256,000
TJuly .. 171,000 305,000
Auvgust | 134,000 277,000
September 117,000 214,000
Ocrober .. 1000 137,000
November 61,000 115,000
December 54,500 100,000

‘Totals L ET,000 2,024,000
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September 30, 2011

Via email to: DeltaPlanComment(@deltacouncil.ca.gov

To: Phil Isenberg, Chair and bers of the Delta Stewardship Council (DSC)
Joe Grindstaff, Acting Executive Director, Delta Stewardship Council and DSC Staff

Re: City of Antioch comments on the Fifth Draft Delta Plan

The City of Antioch (Antioch) is pleased to submit its comments regarding the Fifth Draft Delta Plan, Our

comments are presented in tabular format, with chapter, page and line references, to make it easier for DSC staff to
review,

Included in our comments is an important issue that does not appear to be discussed in the DSC Delia Plan. We
bring this to your attention in hopes that you will consider add;'essmg it in the final Delta Plan and EIR T‘ne issue is

this: sed i : 58

creatin; t or regulatory agency to monitor ov: Ilheah.hcflh D In Forexample who will
track the combinad impacts of the BDCP, Three Mile Slough and Old and Middle River gates projects on the Delta
as a whole?

Different agencies track different Delta indicators, yet there is no scientific body that addresses the viability of the
Delta as a whole. As projects come on line, and “adaptive management” is used for both ecosystem restoration and

project operations, who will wack the lative i of the ination of projects coming on line? It seems
appropriate that the DSC address this in its Delta Plan, even to suggest a scientific body or group of agencies to take
this ‘system-wide' approach to track ch infi to the overall health of the Delta. Without such oversight,

another Delta crash could occur with no way to determine what went wrong, and what factors led to such a crash.,

We very much appreciate the work that the DSC is doing and its ongoing efforts to obtain and incorporate public
comments and input. We look forward to your review of our comments. Please call me at (925) 779-7025 if you
would like more information or if you have additional questions.

Sincerely,

Phillip Harrington

Director of Capital Improvements/Water Rights
City of Antioch

P.O. Bex 5007

Antioch, CA 94531-5007



Delta Plan Fifth Draft Comment from the City of Antioch 9/30/2011

committee of agencies responsible for
implementing the Delta Plan...

[ Chapter pagerumber  |Lnenumber | Text Comment
Chapter 1
2 13 No water rights declsions or water | Does this indicate that the Delta Plan
% 15 contracts that directly or indirectly. | seeks to replace the current water
impact the Delta are made without | rights system in California?
tonsideration of the coequal
goals..etc.
Chapter 3
5 131 Incorporation of Another Plan into the | In cover letter fo our comments
Delta Plan, Updating the Delta Plan | regarding the Fifth Oraft, dated
9.30.11-The Delta Plan does not
mention nor address cumulative
impacts to the Delta system from
ongoing + new projects/programs. The
effect of not taking a systerm-wide
approach to policy is a Delta ecosystem
or water quality/supply crash with no
understanding about which event,
program, or project caused it. Needa
policy or recommendation to create a
scientific oversight body to monitor the
health of the Delta system-wide.
55 1314 ..the Delta Reform Act requires the | Is this committee only responsible for
56 17 Countil to establish and oversee a Implementing the Delta Plan, or will it

meet on an ongoing basis? Wha is part
of this committee, and will the Delta
stakeholders and/or the public have a
seat on this committee n addition to
agencies?

No comments

...n/a...



o1 1631 Discretionary Incorporation of Another | Again, no discussion of considering the

Plan or Program into the Delta Plan | cumulative impacts that an additional
plan may add to the Delta System,
Need a policy/entity to provide for
oversight and monitoring,

1 3% Upon appeal the Councllretains the | This seems to indicate that a project
authority to find the specific project | under BOCP could be found
inconsistent with the Delta Plan even if | inconsistent with the Delta Plan. s this
the Council finds that the larger plans | correct?
consistent with the Delta Plan.

62 03 ..must file a consistency certification | This seemsta indicate that BOCP only
indicating only that he covered action | needs consistency with BOCP. The
is consistent with the BDCP, The ahove comment from Page 61, lines
Councll refains the autherity to find the | 32-38 seems to contradict this, Please
covered action inconsistent with BDCP | clarify.
and therefore the Delta Plan, _

Chapter 4

8 48 WRP1 -Acovered actiontoexport | Would thisindicate that the BDCP
water from, transfer water through or | would be inconsistent with the Delta
use water inthe Delta is inconsistent | Plan ifit significantly impacts one of
with the Delta Planf the covered the water suppliers (such as Antioch)
action negatively impacts one or more | causing the need for a covered action,
of the coequal goals and one ormore | suchas a change in Antioch's diversion
of the water suppliersthat receive | point, a water rights transfer or
water from the Delta significantly anather regional solution driven by the
causes the need for the covered action | impacts to Antioch's' water supply and
by falling to comply with one ormare | quality?
of the following o)

I 8 840 Evaluation of regional water balance | How are current water rights impacted

by the water balance activity? Does
this mean that water supply would be
curtailed, despite holding pre-1914

water rights?

No comments

...n/a...
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#37

WR RS - SWRCB and/or DWR should
require that proponents requesting a
new point of diversion, place of use, or
purpose of se that results in new or
increased use of water from the Delta
watershed should demanstrate that
the project proponents have evaluated
and implemented all other feasible
water supply alternatives

Antioch may need to change its point
of diversion ar place of use, because of
the impacts of the BOCP. Does this
mean that such a mitigation would
have to demonstrate that all other
water supply alteratives have been
evaluated, even though the change in
diversion or place of use were a
mitigation for a BDCP project? Also, do
pre-1914 water rights holders have to
comply with this?

Chapter 5

1

Map text

Since the 1960's our water system with
upstream reservoirs and “other
human-created management” has
chianged these patterns in two ways:

Insert“such a water exports” after
"gther human created management.”
Add a Number “3) Delta outflow was

influenced by large outgoing flood
flows that are now controlled "

10:12

ER P1 Prior to the establishment of
revised flow objectives criteria
identified above, the exlsting Bay-Delta
Water Quality Control Plan objectives
shall be used to determine consistency
with the Delta Plan,

The current BOCP operation
alternatives contain a move of water
quality compliance point from
Emmaton to Three-Mile Slough. This is
willnot be in compliance with the

existing WOCP.

No comments

...n/a...



114

Determine that a covered action that
wauld increase the capacity of any
water system to store, divert, move, or
export water from or through the Delta
would not be consistent with the Delta
Plan until the revised flow objectives
are implemented.

Recommend that the State Water
Resources Control Board cease issuing
water rights permits inthe Delta and
the Delta watershed (ar, if the absence
of flow criteria is specific to one o
maore of the major tributaries, then the
recommendation could be focused on
the impacted areas).

Would these apply to any petition for
change of use including a petition by
BOCP to SWRCB for change of
compliance paint?

T

U2

ERR3 - State and Federal fish
agencies...should complete “ongoing
negotiations" toward a habitat
agreement with water supply agencies

To what "ongoing negotiations” s this
referring to- BOCP? f so, state here. If
not, clarify the scape of projects you
are referring to here.

j)]

1932

Controlling stressorsis difficult or
impossible....discussion about the lack
of science about cause and effect.

Again, the Della Plan needsa poliy or
recommendation for determining the
cumulative impacts of stressors and
projects in the Delta watershed.

No comments

...n/a...



124

3534

ERR7-"..For example, workshops
would consider opticns for varying
salnity to reduce impacts of nonnative
invasive species while providing overall
ecosystem benefits and minimally
disrupting water supply."

Suggest deleting "minimaly." The Delta
Plan discusses options for varying
salinity throughout the Plan,
Depending upon the location and the
conditions, alowing variable salinity
could have majar impacts on in-Delta
M8 water supply/quality. Increased
salinity would also impact recreational
boating and fishing in the Delta.
Recreational boating/fishing are the #1
"recreational" revenue producers for
the Delta, according to the Econamic
Sustainability Plan draft (8.9.11).
Boaters use the Delta for its fresh
water environment; numerous issues
related to boat and marina
maintenance would deter this
recreational use.

127

1937

"Progress toward restoring in-Delta
flows to more natural flow patterns to
support a healthy estuary. Metrics:
tesults from hydrological monitoring
and hydrodynamic modeling .."

This performance measure is very
vague; more detail is required,
including defining what constitutes a
natural flow pattern (which should be
tied to pre-1918 conditions).

No comments

...n/a...
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1921

To support a more resiflent and healthy
ecosystem, salinity patterns should be
consistent with a more naturally
variable hydrograph with high-quality
river inflows.

Delta outflow is missing here and s a
crucial factor for attainment of the co-
equal goals of water quality in the
Western Delta as wellas for species
stich as Delta Smeft, Add outflow. Add
that the salinity variabiity historically
occurred farther west than it does
today (i, salinity was more variable
historically, but the system was also far
fresher than it s today).

13

3536

This freshwater-saltwater gradient has
changed over the past 150 years
because 35 of landscape modification,
water management, and climate
variability

“Water management” should be
changed to “exports, diversions, and
other water management.” Exports
and diversions need to be inserted
wherever "water management” occurs
in the Delta Plan

136

414

..Even with these measurable shifts in
the salinity gradient caused by
diversion, storage, and canveyance of
water, the primary driver of salinity
variability in the western Delta and
Suisun Marsh continues to be the
amount of precipitation in the
watershed,

Thisis not correct on itsface. "Delta
outflow" i the major factor for salinity
and variablity in the western Delta,
Historically, fresh water was present n
the western Delta even during dry
years [see CCWD historic salinity
report). Further, the channelization of
the Delta has changed the system's
response to precipitation, increasing
the smount of salinity intrusion (CCWD
Historical Salinity Report, 2010).

No comments

...n/a...



137 1520 .The endangered Delta smelt Given that Delta Smelt are dependent
(Hypomesus transpacficus) showa | upon low salinity zone in the western
preference for the LSZ, Their Detta, how willthis freshwater zone be
distribution during most ofthe year s | preserved, given the BOCP change to
centered near X2 (Nobriga et al. 2008). | outflows, and move of compliance
The position of X2 i also corretated | points from Emmaton to Three Mile
with the abundance of several Slough, which will allow less flow and
estuaring fish and invertebrates such | higher safinity?
asthe bay shrimp (Crangon
fronciscorum) and longfin smelt
{Spirinchus thalaichthys). That s, higher
outflows (smaller X2 values) are
correlated with greater abundance of
longfinsmelt and bay shrimp
(Kimmerer 2004),

137 nu .. The evidence is strong, however, that | Antiach agrees with this statement

the Delta was a freshwater ecosystem
in the western Delta for 2,500 years
before human modification in the
nineteenth and twentieth centuries
{Malamud-Roam and Ingram 2004).

No comments

...n/a...
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Dredging of channels, reduction in the
amount of tidal marsh, and
construction of levees have changed
the Delta saliity gradient by increasing
the strength of tides in the Delta,
increasing connections between
channels, and reducing the moderating
effects of wetlands and floodplains on
outflow. Consequently, simply allowing
more variabilty in Delta outflow wil
not produce the same salinity gradient
patterns that existed before
development.

Add “water exports” as a cause of
salinity gradient change in the first
sentence,

Exports {since the early 1900s) have
dramatically changed the salinity
gradient. Note Antioch's comment
letterto Isenberg, Grindstaff et al
regarding impacts of BDCP, dated
11/15/10

We agree that “simply allowing more
variability in Delta outflow wil not
produce the same salinity gradient
patterns that existed before
development.”

138

12

Water quality at the State Water
Project (SWP) and Central Valley
Project (CVP) export pumps in the
southern Deita, while usually meeting
all applicable standards for municipal
and agricultural se, is significantly
higher in salinity than Sacramento
River inflow to the Delta. Allowing
salinity to vary in a way that might
benefit native fish species could impact
agricultural and municipal uses of Delta
water at SWP, CVP, and other Delta
diversion points. Elevated salinty
reduces crop yields (Hoffman 2010} or,
if high enough, makes water unusable
for agricultural purposes.

The statement implies that salinity
variations would benefit native species;
hawever, as noted in CCWD Historical
Salinity study report (2010), while the
Delta did experience greater variability
in the past, it did so within a far fresher
enviranment than currently exists.
Thus, it is not clear that greater salinity
variation would benefit native species.

We concur about aflowing salinity to
vary could have negative impact on AG
and M water quality.

Please add that recreational boating
and fishing would also be impacted.

No comments

...n/a...
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%30

Sources of these drinking water
tonstituents of cancern include natural
pracesses, such as tidal mixing of
seawater into the Delta, and the flux of
water and organic matter from
wetlands, as well as urban runoff,
agricuttural unoff, and municipal
wastewater discharge. Pathogenic
protozoa, bacteria, and viruses are also
present in Delta waters and are 3
disease ri for both drinking water and
body-contact recreation.

Add “water exports” to the non-natural
causes listed in this sentence, 35
increased exports increase saliity in
drinking water in the Western Delta,

One of the primary factors for tidal
mixing of seawater nto the Delta has
historically been water exports and
large diversions from the north {Means
Report, 1528 about changing
conditions in the 13005 due to
increased exparts and recent DWR
data about exports and salinity
increase.)

Tapiers

191

334

Boating and water-dependent
tecreation represent the highest
percentage of esting recreation
activities in the Delta. In the California
Department of Boating and
Waterways' 2002 study, annual
boating-relatad visitor daysto the
Delta were estimated at 6.4 million in
2000, with a 1 projected growthto 8
million visitor days by 2020 {DBW
2000).

Delta Economic Sustainability Plan
concurs with this. Increased salinity or
increased variability in salinity will
impact boaters, species and M&!.
Boaters use the Delta for its fresh
water environment, Numerous issues
related to boat and marina
maintenance would deter this #1
recreationial economic factor in the
Delta,

No comments

...n/a...
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pLE}

DPR1 The Economic Sustainability Plan
should include, but not be limited to....

+  The economic goals, policies, and
abjectives in local general plans
and other local economic efforts,
including recommendations on
continued socioeconomic
sustainabilty of Delta agriculture
and its infrastructure to support
the proposed economic strategies
and legacy communities in the
Delts

Suggest change to readt:

“The economic goals, policies, and
objectivesin local general plans and
other local economic efforts, including
recommendations on continued
socioeconomic sustainabllity of Delta
agricutture and its infrastructure, o
well as other beneficial use of public
trust resources (such as water quality
for M&, boating and recreation to
support the proposed economic
strategies and legacy communities in
the Delta"

_Chapter9

208

173

Urgent expenditures for water
reliability and ecosystem protection:
Immediate steps should be taken to
protect the existing Delta water expart
system from flood risks, and protect
ecasystem improvements being
implemented pursuant to existing
mitigation commitments of the SWP
and the Central Valley Project (CVP).
Those immediate needs are discussed
in the various chapters of the Delta
Plan. These recommendations are in
addition to other ongoing efforts that
should cantinue to be funded.
Examples include implementing the
federal biological apinions, funding
levee subventions, funding science,
and many more,

This indicates that only water export-
system expenditures are considered
urgent. What about levees in the
Western Delta, that protect the whole
system?

Suggest change to read:

“Immediate steps should be taken to
protect the existing Delta “water
supply system” expert from flood
risks, and protect ecosystem
improvements heing implemented
pursuant 1o existing mitigation
commitments of the SWP and the
Central Valley Project (CVP).

No comments

...n/a...



1
u P)| FP R6 - The Legislature should Please clarify:
authorize the Delta Stewardship What level of and type of stress is
Council to develop reasonable fees 20 | indicated by the statement “for those
for baneficial uses and reasanable fees | whostress the Delta ecosystem?”
5 thnt Wt e Broadly interpreted, this could meana
Scceyitem hoater, a fisherman, a hiker, as well as
current M/ user.
m 1018 FPR12- Establish a statewide public | This indicates that ecosystem

goods charge (or broad-hased user fee)
for water. The Legislature 10 should
treate a public goods charge (similar to
the energy public goods charge created
in 1996) 11 on urban water users and
agricultural users. This charge could
provide for ecosystem costs that were
once paid with general obligation
bonds, or could be used for State water
management costs such as developing
the California Water Plan Update or
stlence programs

restoration mitigation projects
required by the BDCP would be paid
for by impacted stakeholdersin the
Delta. Thisisa “double hit" cost
impact to in-Delta agriculture and
other in-Delta stakeholders, who would
therefore be required to pay for
BOCP's mitigation credit projects as
well as suffer the impacts of the BOCP
project itself.

No comments

...n/a...
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C.7 Conclusions

Cc.7.1 Summary of Changes in Flow

The preliminary proposal would result in very minimal changes in upstream flows or reservoir
operations. As such, there are only a few instances in which changes to the environment and related
effects on fish may occur. Flow-related temperature effects on spring-run Chinook salmon and green
sturgeon spawning and egg incubation are described in Section C.7.2. In the Delta, flows in and
around the San Joaguin River and south Delta would improve, reflecting the reduced use of the
south Delta export facilities. However, the flow patterns in the north Delta could be altered by
operations of the new north Delta export facilities and the increased inundation of the Yolo Bypass.
These operational changes will reduce some Sacramento River flows, resulting in reduced flows in
Sutter, Steamboat, and Georgiana Sloughs and the DCC: Similarly, the reduced flows in the
Sacramento River would slightly reduce flows in Threemile Slough. These changes in flow patterns
in the north Delta can affect the migration and passage of fish through and within the Delta, as
described in Section C.7.2. The changes in Delta flows are not expected to result in any substantial
changes in turbidity or DO, as deseribed below. However, the changes in Delta operations under the
preliminary proposal related primarily to the new north Delta intake could have effects on salinity
in some locations, as described below. In mostinstances, these changes in salinity are compounded
by the effects of restoration activities that would occur as part of the preliminary proposal and sea
level rise. The following sections provide a discussion of the general trends of changes in flows
throughout the Plan Area. More detailed results are provided in Attachment C.A and are the basis for
the biological results presented in Section 7.2.

c7.1.1 Upstream Flows

The CALSIM results indicate that there would be little to no change in how reservoirs are operated.
The largest changes to reservoir operations result from changes in runoff and inflow caused by
climate change unrelated to the preliminary proposal. Coldwater pool management would be
challenging for the CVP facilities. Oroville storage generally would be higher under the PP scenarios
and would exhibit greater flexibility to adaptto future changes,

In general, the PP would increase carryover storage(end-of-September storage, often the lowest
each year) compared to the EBC scenarios. However, CVP and SWP operations are expected to
change operations to address the increased outflow needs caused by sea level rise and climate
change. These results suggest that the management of storage for the coldwater pool (May storage is
an indicator) would be increasingly difficult in the future, despite the fact that the PP would have
increased carryover, The frequency of the end -of-September storage falling below 2,000 thousand
acre-feet (taf) would increase by about 10% under both the PP and EBC in the LLT. Considerable
adaptation measures would need to be implemented on the upstream operation of the CVP to
manage the coldwater pool under the extreme sea level rise and climate change by 2060. Operation
of the PP would lessen these challenges, but the effect of climate change and sea level rise would
overwhelm these improvements.

These general conclusions are based on the CALSIM data, which are summarized below for each
reservoir and river, and the actual operational constraints of the CVP and SWP. Because the CALSIM

Bay Delta Conservation Plan Cecember 2011
Working Draft

€71

CF 0061000

No comments

_n/a_



Kote to Reader: This & o revised.

eking draft prepered by the BDCP eonsuftents, This document 5 eurently undergolng review by the Dapert meat of Witer Resosoes with Input from the Depestmant of

Fish and Gome, US. Fah ond Wikdkfe Service, Natione] Morine Faheres Service, ond US. Busecy of Reclomation and does not necessariy reflect the position of the state or federel ogendes. It & expected
toga thragh several more revisions prior fa being reersed for formal pubBc review and comaent in 2012, Al members of the public wil have to provid the public deaft of @
revised version af this document dusing the formel pubiic review aad comumant perid. Responses wif be prepered anly an comments submittad in the formed pubiic review aad comment period

U RS e

L= =}

23

24
25
26
27
28
29
30

32
33
34
35
36
37
38
39

Effects Analysis Conelusions.

model uses a monthly time step, it does not necessarily capture the day-to-day operations that
would respond to potential adverse effects, such as temperature changes and minimum flow and
storage requirements. However, because the preliminary proposal is not expected to require
substantial changes in upstream CVP and SWP operations, the CALSIM results indicate considerable
maonthly changes are not expected to occur in reality. Rather, DWR and U.S. Department of the
Interfor, Bureau of Reclamation (Reclamation) reservoir operators would continue to operate the
reservoirs and associated flows on a daily basis in a manner that meets flow, storage, and
temperature requirements,

Cc.7.1.2 Delta Flows

The primary changes in Delta operations result from the north Delta intakes and the increased flows
into the Yolo Bypass at the Fremont Weir. These changes generally divert water from the
Sacramento River into either the new intake or the Yolo Bypass, reducing flows in Sutter, Steamboat,
Threemile, and Georgiana Sloughs; in the DCC; and at Rio Vista. Reductions in south Delta pumping
that are possible with the north Delta intakes increase OMR flows and San Joaquin River flows at
Antioch by the amount of the reduced pumping. While elimate change may affect flows in the San
Joaquin, Mokelumne, and Cosumnes Rivers, noéffects of the preliminary proposal are expected in
the Delta channels connected to these river inflows. A summary of changes at each Delta location is
provided below. However, these changes reflect the general trends and not necessarily the outer
bounds of potential changes that could occur across water-year types and months within those
water years. The effects analysis used detailed modeling results to determine the biological
responses to specific daily, monthly, and water year-type changes. These are reported in the Results
section above.

c.7.1.2.1 Sacramento River Flows at Freeport

The Sacramento River flow at Freeport provides the largest Delta inflow and represents the water
available fordiversion al the proposed north Delta intakes, The average annual inflow at Freeport
was reduced by about 650 taf (up to 4%), primarily as a result of the increased Fremont Weir spills
into the Yolo Bypass that would occur under the preliminary proposal. Similarly, PP_ELT and
PP_LLT monthly median flows at Freeport were similar to EBC1 but were shifted in some months as
a result of the increased spills at the Fremont Weirand other changes in upstream reservoir
releases, as discussed above.

The Freeport median flows were similar in October, November, and December for the EBC1 and PP
cases. The Freeport median flows in January, February, and March for the PP cases were about
3,000 cfs less than EBCI flows, reflecting the increased spills at the Fremont Weir into the Yolo
Bypass. The April and May median flows at Freeport were similar for the PP cases and EBC1
conditions. The June median flows were increased for the PP cases. The Freeport median flows for
the PP cases in July, August, and September were reduced by about 3,000 cfs compared to EBC1
flows hecause of changes in upstream reservoir releases. The preliminary proposal north Delta
intakes allowed higher exports in April, May, and June and subsequently allowed reduced reservoir
releases and reduced exports. The PP cases had inflows and exports that were distiibuted more
evenly during the highest agricultural demand period of April through September.
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Effects Analysis Conelusions.

C.7.1.2.2 San Joaquin River Flows at Vernalis

The only changes in the San Joaquin River flows are caused by the assumed climate change effects
on reduced San Joaguin River (above Friant Dam) inflows and reduced tributary inflows. No changes
from preliminary proposal operations were simulated.

c.7.1.23 Yolo Bypass Flows to the Delta

The Yolo Bypass flow is nearly identical to the Fremont Weir spills, with the addition of the Cache
Creek and Putah Creek flows entering the bypass in months with relatively high runoff. Although the
preliminary proposal ELT and LLT cases allow some additional flows into the Yolo Bypass at the
Fremont Weir, the monthly sequence of Yolo Bypass flows was very similar. A few more months
have flows of 3,000-5,000 cfs (notch capacity), and the high-flow months have slightly more flow
(5,000 cfs).

c.7.1.2.4 Mokelumne River and Cosumnes River Flows to the Delta

The monthly inflows from the Mokelumne River near Thornton, just below the Cosumnes River, are
very low during the summer months. These flows were nearly identical for all CALSIM cases. Most
Cosumnes River runoff enters the Delta, and the Moke!umne River is highly regulated by Pardee and
Camanche Reservoirs. The minimum flows below Woodbridge Dam are specified based on runoff,
and reservoir spills are rare, There were no effects of the preliminary proposal on these river flows,

C.7.1.25 San Joaquin River Diversions to Old River

The preliminary proposal would not result in changes in the San Joaquin River flows at Old River,
but some changes are expected as aresult of climate change. The median head of Old River flow for
December through May was abaut half of the San Joaquin River flow at Vernalis. The median flows in
June through September were about 40% of the San Joaquin River flow atVernalis because of the
effects of the south Delta rock barriers, The annual average head of 0ld River diversion flow was
nearly the same for all six CALSIM cases and was equal to about half of the San Joaguin River flow.

C.7.1.2.6 Old and Middle River Flows

The CALSIM modeling assumed that some OMR, reverse flow restrictions would apply for each of the
applicable months (December through June). The restrictions were assumed to vary somewhat with
runoff conditions. The assumed restrictions were held constant for each of the EBC1 cases, the three
EBC2 cases, and the two preliminary proposal cases. Because negative OMR flow is toward the south
Delta pumps, the greatest negative values indicate higher pumping. The minimum values indicate
the maximum pumping from the central Delta. For example, the October and November minimum
flows for EBC1 were -10,000 cfs. The Octoberand November median flows were -8,000 cfs,
However, there are no OMR flow restrictions in October and November. The EBC1 December
minimum flow was -9,600 cfs, but the median flow was -5,871 cfs (the assumed OMR limit in 30% of
the years). This suggests that the OMR limits were reducing the December exports to this level in
several of the years. The January through March and June minimum flows were -5,000 cfs because
the assumed OMR limits were restricting pumping to this level in many of the years in these months.
The minimum flows In April and May were higher than the limitof -5,000 cfs because the NMFS
exports/San Joaquin River ratio that applies in April and May was reducing the exports more than
the OMR limits. EBC1 flows in July through September were -11,000 to -10,000 cfs, and median
flows were -10,000 to -9,000 cfs,
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Effects Analysis Conelusions.

The preliminary proposal ELT and LLT cases shifted pumping from the south Delta to the north
Delta intakes and thereby increased the OMR flows (reduced negative OMR flows). The median OMR
flows for the preliminary proposal ELT and LLT cases were about 2,000 cfs higher in October and
November; about the same in December; 2,000 cfs higher in January; 5,000 cfs higher in February;
3,500 cfs higher in March; 1,500 cfs higher in June; 6,000 cfs higher in July; 6,500 cfs in August; and
4,500 cfs higher in September.

c.7.1.2.7 Sutter Slough and Steamboat Slough Flows

Sutter and Steamboat Sloughs divert about 40% of the Sacramento River flow. The monthly median
diversion flows into Sutter and Steamboat Sloughs were similar for the EBC1 case and the three
EBC2 cases because the Sacramento River flows were similar. The'median diversions into Sutter and
Steambuoat Sloughs were lower for the PP_ELT and PP_LLT cases because the north Delta intakes
reduce the Sacramento River flow at Sutter and Steamboat Sloughs: The median diversions in
October, April, May, and June were about the same for the baseline and the preliminary proposal
cases. The median diversions were reduced by 1,000 cfs in November, July,and September; 2,000 cfs
in January and August; and 4,000 cfs in February and March. The reductions in the Sutter and
Steamboat Slough diversions were about 40% of the simulated north Delta intake diversions. The
annual average diversions into Sutter and Steamboat Sloughs were about 6,500 taf (42% of the
Sacramento River flow at Freeport) for the EBC1 case and three EBC2 cases, and were reduced to
about 5,500 taf (36% of the Sacramento River flow at Freeport) for the two preliminary proposal
cases.

Cc.7.1.2.8 Delta Cross Channel and Georgiana Slough Flows

Similar to Steamboat and Sutter Sloughs, the PP_ELT and PP_LLT cases for DCC and Georgiana
Slough had reduced monthly median diversion flows because the north Delta intakes reduced the
Sacramento River flow. The annual average diversions into the DCC and Georgiana Slough were
about 3,750 taf (24% of the Sacramento River flow at Freeport) for the EBCI case and three EBC2
cases, and were reduced to'about 3,150 taf (21% of the Sacramento River flow at Freeport) for the
two preliminary proposal cases.

C.7.1.2.9 Sacramento River Flows at Rio Vista

The minimum flows In September through December for Rio Vista (3,000-4,500 cfs, depending on
water-year type) were generally satisfied. The EBC1 monthly median flows were about 5,500 cfs in
QOctober; 7,500 cfs in November; 12,500 cfs in December; 22,000 cfs in January; 29,000 cfs in
February; 23,000 cfs in March; 13,000 efsiin April; 10,000 cfs in May; 6,500 cfs in June; 10,500 cfs in
July; 8,500 cfs in August; and 6,500 cfs in September. The median flows at Rio Vista for the three
EBCZ cases were similar because the Yolo Bypass and Sacramento River inflows were generally the
same, The median monthly Rio Vista flows were reduced in the months when the north Delta intake
diversions were simulated for the PP_ELT and PP_LLT cases. The reduced Rio Vista flows were
generally about the same as the north Delta intake diversions. The annual average Sacramento River
flows at Rio Vista were about 14,000 taf for the EBC1 case and three EBC2 cases, and were reduced
to about 12,000 taf for the PP_ELT and PP_LLT cases.
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Effects Analysis Conelusions.

c.7.1.2.10 Threemile Slough Flows

The Threemile Slough flows are about 3% of the Rio Vista flows and were reduced slightly for the
preliminary proposal cases because the Rio Vista flows were reduced by the north Delta intake
diversions. The annual average Threemile Slough flows were about 1,000 taf for the EBC1 case and
the three EBC2 cases, and were reduced to about 750 taf for the two preliminary proposal cases.

C.7.1.211 San Joaquin River Flows at Antioch

San Joaquin River flows at Antioch were increased in the PP_ELT and PP_LLT cases because the
reduction in south Delta exports will increase OMR and San Joaguin River flows by the same
amount For the preliminary propoesal cases, the monthly median flows were about 0 cfs in October
and November, and were reversed to -2,000 ¢fs only in December. The San Joaquin River lows were
about 1,500 cfs in January; 8,500 cfs in February; 6,500 cfs in March; 3,000-¢fsin April; 2,500 cfs in
May and June; 1,000 cfs in July; 500 cfs in August; and 150.¢fs in September. The summer periods of
reverse San Joaquin River flow were generally eliminated by the preliminary proposal north Delta
intake diversions.

C.7.1.212 Delta Outflow

The CALSIM-simulated Delta outflow is the sum of all the upstream and Delta operations, and it is
the major link with salinity in the Delta and with the X2 position. Delta outflow requirements often
limit the Delta exports, so the simulated Delta outflow for many months is equal to the minimum
Delta outflow requirement for each month. The EBC1 case did not include the BiOp Fall X2
requirements, so the required Delta outflow was controlled by the D-1641 objectives, The annual
average outflow required for EBC1 (D-1641) was 4,250 taf. The three EBCZ cases included the BiOp
Fall X2 requirements, and the average annual required outflow was about 5,000 taf for EBCZ, about
5,250 taf for EBC2_ELT, and about 5,750 taf for EBC2_LLT. The BiOp Fall X2 requirements (intended
for wet and above normal years) raised the annual average required outflow. for EBC1 by about

750 taf. The EBCZ_ELT and EBC2_LLT cases had even higher required outflows caused by changes in
the outflow required to meet X2 because of sea level rise and habitat restoration effects on salinity
intrusion.

The monthly median outflows simulated by CALSIM for each modeling scenario are shown in Table
C€.7-1. About half of the months had excess Delta outflow compared to the outflow requirements, but
the outflow in most of these monthslikely was controlled by the maximum allowed export/inflow
(E/1) ratio.
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Table C.7-1. Average Annual and Monthly Mean Outflows for Each of the Six CALSIM Scenarios

EBC1 EBC2  EBCZELT _ EBCZ_UT PP_ELT PP_LLT
Average Annual 15,533 15,743 16,157 16282 14,875 15210
Qutflow [taf)

Monthly Median Qutflow (cfs)

January 22,361 21,730 21,342 21,903 21,277 22,074
February 36,554 35,578 | 35846 37,339 36,181 35,855
March 26,890 26,801 25,701 25,784 24,828 24486
April 18921 18804 18,708 18283 12.470 13,037
May 15,899 15,655 | 13911 12,806 11,352 11400
June 7243 7.249 | 7.243 8336 . 8086 9,200
July 8000 8,000 8,000 8520 8000 8,000
August 4,000 4,000 4,000 412 4000 4,000
September 3.610 3621 3659 . 34300 . 3.000 3.000
October 4,000 4,403 5425 7,813 4,000 9,234
November 5,088 10313 0,844 10415 4500 4,500
December 8,086 7.696 B666 9156 8867 9219
taf = thousand acre-feet.

The monthly median outflows for the PP_ELT and PP_LLT cases were similar (within 1,000 cfs) to
the EBC1 median outflows in October through February; 2,000 efs less in March; 6,000 cfs less in
April; 4,000 cfs less in May; and similar in June through September, The annual average Delta
outflow for the EBC1 case was 15,500 taf. The annual average outflows were 14,875 taf for the
PP_ELT case and 15,200 taf for the PP_LLT case.

c.7.1.3 salinity

Salinity is included in this appendix to assess the potential for changes to habitat as a result of
changes in flows that may cause changes in salinity. (Salinity as a drinking water quality parameter
is addressed in the BDCP EIR/EIS.) The preliminary proposal allows more salt into the western
Delta because of increased tidal mixing associated with the addition of tidal marsh areas and
reduced Delta outflow. Substantial increases in salinity at Emmaton and moderate increases at

Jersey Point and Rock Slough caused by the preliminary proposal are generally attributable to the
reduction in Sacramento River flows in these areas. However, slight reductions in average annual
salinity at Threemile Slough are expected as a result of major salinity decreases in July and August
caused by higher outflows. As the preliminary proposal Is implemented and more tidal marsh is
restored, salinity effects at these locations intensify. At Emmaton under PP_LLT, the largest
increases in salinity eccur from May to September, while there are minimal changes in salinity from
October through April. Jersey Point and Rock Slough are also expected to have additional increases
in salinity in the LLT as a result of restoration activities. The annual average salinity at Threemile
Slough is further reduced in the LLT because of substantial salinity reductions in October and
November resulting from higher Sacramento River flow.

Salinity can be controlled somewhat by Delta outflow. Higher Delta outflow moves the salinity
gradient west and lowers the X2 (decreases the distance from the Golden Gate). Under the PP
scenarios, X2 moves upstream (lower outflow) in some months, with the reduced inflows or higher
exports that are allowed with the north Delta intake. However, the PP scenarios will meet the
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1 required D-1641 X2 locations from February through June and the minimum Delta outflows, as

- described above and shown in Table C7-2.

3 Table C.7-2. Summary of the Location (km from the Golden Gate Bridge) of X2 under each

4 CALSIM Scenario

Oct Now Dec Jan Feb Mar Apr  May Jun Jul Aug Sep

A EBC1

Min 67.1 517 473 472 472 472 473 485 491 562 660 635
Max 947 939 022 897 869 833 832 874 905 012 915 926
Avg 885 863 779 676 607 607 634 675 746 804 852 864
B.PP_ELT

Min 728 522 477 476 476 477 477 493 510 623 747 714
Max 931 926 924 901 868 823 832 871 902 905 921 935
Avg 800 868 783 683 621 624 667 718 770 8l6 865 885
c.pP_UT ; _

Min 738 546 488 487 487 487 490 516 548 699 834 793

Max 924 943 916 901 857 835 845 891 921 9L6 919 927

Avg 857 851 797 689 632 638 680 737 789 832 875 892

D. EBCZ

Min 673 517 473 472 472 472 473 485 493 571 673 658
Max 946 934 922 872 832 823 825 872 902 909 908 924
Avg 841 823 763 674 608 610 636 678 747 B804 852 825
E. EBCZ_ELT i > ¢

Min 695 524 478 476 476 477 479 498 515 621 736 709
Max 939 944 936 904 870 827 831 876 902 908 909 926
Avg 841 823 766 679 617 619 646 689 759 803 851 827
F. EBC2_LLT ! .

Min 722 554 500 496 496 495 500 531 557 714 812 739
Max 946 947 040 904 873 838 846 887 909 009 921 943
Avg 837 827 782 694 635 637 665 714 77.6 808 858 834

The three EBC2 cases, which included BiOp Fall X2 requirements in September through N 1

of about halfof the years (wet and above normal), had corresponding reduced X2 values in the 50-
90% cumulative values. The changes in the monthly X2 ranges or in the monthly median values
were relatively small because the monthly range in outflows remained similar for each of the EBC1
and EBC2 baseline cases. The preliminary proposal cases allowed some of the X2 positions to move
upstream (lower outflow), with the higher exports that were allowed in some months with the north
Delta intake. The required D-1641 X2 locations from February through June and the minimum Delta
outflows were satisfied by the preliminary proposal cases, although CALSIM results reported above
may be based on relaxations of the requirements in certain months.

C.7.14 Turbidity

Firm conclusions regarding changes in turbidity in the Plan Area are difficult to make. Uncertainty in
sediment supply in the future is high because of factors such as the maturation schedule of habitat
restoration within ROAs. In addition, the potential use of fill-in materials or wind breaks in the ROAs
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Effects Analysis Conelusions.

to reduce wind-driven sediment resuspension also could greatly affect turbidity. These and other
factors limit the feasible scope of the analysis.

The analysis focused on whether the different subregions would become erosional, which would
increase turbidity, or depositional, which would decrease turbidity. The analysis also evaluated
whether seasonal wind 1 pension within ROAs is likely to be greater with the preliminary
proposal, thereby increasing turbidity. Factors such as submerged aquatic vegetation (SAV), benthic
filter feeders, organic materials, and the potential substantial effects on the critical shear stress of
erosion from changes in benthic algae and macrofauna have not been considered in the present
analysis of turbidity because of a lack of data, a lack of modeling tools, or both.

The Delta will remain regionally depositional in the LLT time frame, in-both EBC and PP scenarios,
although the location of the depositional regions will differ. The effects of sea level rise will depend
on the balance between sediment supply from the watersheds and the rate of sea level rise, so it is
unclear whether sediment supply will be sufficient to maintain the current extent of tidal marsh. The
initial effect of the ROAs in the PP is to decrease sediment supply downstream, but the longer-term
effects are uncertain as the ROAs reach a dynamic equilibrium.

Under the PP, the North Delta subregion will receive less sediment because of Increased flows
through the Yolo Bypass, but this may not be a large enough factor to differentiate these effects from
the overall effects due to sea level rise and climate change alone in the LLT under existing
conditions. The Cache/Yolo Bypass-region ROAs will become depositional with sediment that
otherwise would be carried down the Sacramento River. While the ROAs have the potential to
increase water clarity in existing open water areas such as Liberty Islandat least initially, wind
resuspension of unconsolidated sediment during the summer is likely to decrease water clarity in
the region seasonally. The West Delta ROA will accrete sediment, resulting ina local increase in
water clarity in combination with decreased supply due to sediment deposition in the Cache/Yolo
region. However, decreased sediment supply could result in erosion and a decrease in water clarity,
leaving a mixed outcome for thisregion. The East Delta subregion is likely to experience increased
water clarily due to the ROAs, both because of decreased flow through Georglana Slough and
because of deposition in the East Delta ROAs of the small amount of sediment originating from the
Mokelumneand Cosumnes Rivers. The effect of seasonal winds will be minor because the ROAs are
not large in the East Delta. The South Delta ROA consists of large open water areas that (barring
establishment of SAV such as Egeria densa) likely will experience decreased water clarity due to
wind resuspension in the summer. However, deposition inthe ROAs also could increase water
clarity, resulting in an overall mixed outcome.

The effect of the Suisun Bay subregion ROAs, bothlocally and due to effects from upstream ROAs, is
complicated. Suisun Bay is currently erosional and the opening of ROAs upstream is likely to
increase this erosion. If Suisun Bay continues to deepen and intertidal regions are lost, wind waves
will become less effective at suspending sediment, so erosion rates may slow even in the presence of
reduced sediment supply. The new ROAs may exert a local decrease in water clarity from seasonal
resuspension due to wind. However, predicting the balance between the depositional environment
in the ROAs and increased regional erosion is very complicated, so the overall result for water
clarity is uncertain. The ROAs in Suisun Marsh likely will be depositional because of local sediment
supply, resulting in local increases in water clarity. The effects of wind resuspension in decreasing
water clarity likely will be limited to the larger ROAs in this region, depending on wind direction.
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The effects of turbidity on fish are not directly linked to survival and are only one component of
habitat that may be required for species success. As such, similar to the salinity changes described
above, the effects of turbidity on fish and fish habitat will be explored further in Appendices E (Fish
Population Analyses) and F (Habitat Restoration) to better integrate the multiple factors composing
fish habitat and the potential effects of the preliminary proposal.

c.7.158 Temperature and Dissolved Oxygen

Some temperature changes are expected to occur in some years in some upstream rivers. However,
these changes rarely translate to adverse effects on species, as described below. In-Delta water
temperature and DO concentrations are not expected to change in response to the preliminary
proposal. Water temperatures and DO in the Delta are affected primarily by atmospheric conditions
(air temperature, winds, solar radiation, and climate change). Water temperatures are typically in
thermal equilibrium with the atmospheric conditions and therefore are notinfluenced strongly by
changes in river flows affected by proposed project operations, Similarly, DO concentrations in the
river channels and bays are typically in equilibrium with atmospheric conditions, and proposed
project operations are not anticipated to result in biologically significant changes within the Delta.
As a result of these factors, it was concluded that proposed project operations would not result in
adverse changes in either water temperatures or DO concentrations n the Delta that would affect the
target species. Changes in long-tefin seasonal water témmperatures are anticipated to occur within
the Delta, however, in response to future dlimate changes that are independent of proposed project
operations, but that also are expected to result in changes in habitat conditions that could
potentially adversely affect the population dynamics of the covered species inthe future (LLT
climate changes).

C.7.2 Flow-Related Biological Effects

The following information is summarized in Table C.1-3, Table C.1-4, and Table C.1-5 above, and
describes in detail the conclusions for each species for flow-related parameters in upstream and
Delta.areas, and for passage, migration, and movement.

c.7.21 Upstream Spawning and Egg Incubation

Conclusion 1. Except for Sacramento River spring-run Chinook salmon and Feather River green
sturgeon egg incubation, the preliminary proposal would not result in adverse effects on
upstream spawning.

Qverall, there would be minimal changes to upstream flows and as such, very few eflects on
spawning and egg incubation. Most ofthe’-d[ﬂ'elences and associated effects on spawning and egg
incubation habitat observed among the modeled scenarios were attributable to near-term and long-
term climate change effects. In many instances, increased steelhead, winter-run, Pacific lamprey, and
river lamprey egg mortality under future conditions is primarily a result of natural seasonal and
interannual variation in river flows, coldwater storage, and temperature effects on incubating eggs
that were largely independent of preliminary proposal operations. Decreased temperatures during
epg incubation periods for spring-run Chinook salmon on the Sacramento River and green sturgeon
on the Feather River would result in adverse effects on these species.

Steelhead. No adverse effects were detected on steelhead spawning and egg incubation habitat
conditions based on CALSIM, SacEFT, and water temperature modeling results, The predicted
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magnitude and frequency of instream flows, reservoir storage, and water temperatures potentially
affecting the quantity and quality of spawning and incubation habitat under proposed project and
future baseline conditions were comparable. Based on the results, preliminary proposal operations
likely would have small annual effects on flows and water temperatures during the steelhead
spawning and incubation period, but would not affect long-term habitat conditions relative to future
haseline conditions.

Winter-run Chinook salmon. No major or consistent adverse effects were detected on upstream
spawning and egg incubation habitat conditions (e.g, reservoir storage, instream flows, water
termperatures during egg incubation) for Sacramento River winter-run Chinook salmon based on
results from the Reclamation egg mortality model, SacEFT, SALMOD, and other tools. Positive and
negative changes in instream flows that affect habitat quality and quantity, such as reduced summer
and fall flows relative to existing conditions, were detected in the Sacramento River. Differences in
flow in the Sacramento River in September of wetter years between existing and preliminary
proposal operations reflect, in large part, differences in fall operations for downstream low-salinity
habitat that was included as an operating criterion under the EBC2 conditions but was not included
in preliminary proposal operations.

Spring-run Chinook salmon. No major or consistent adverse effects were detected on upstream
spawning and egg incubation habitat conditions (e.g, reservoir storage, instream flows, water
temperatures during egg incubation) in the Feather River, Trinity River, San Joaquin River, or Clear
Creek for spring-run Chinook salmon based on results from the Reclamation egg mortality model,
SALMOD, CALSIM outputs, and other tools, Most spring-run Chinook salmon spawn in tributaries
such as the Feather River and Mill, Deer, Butte, and Clear Creeks, in which spﬁng-run egg mortality
would not be affected by preliminary proposal operations.

In the Sacramento River, the egg mortality model indicated that there s a 5- 10% increase in egg
mortality of spring-mun Chinook salmon under preliminary proposal 'opé_rations relative to existing
hiological conditions in wet, above normal, and below normal water years, This increase was a
result of increased water temperatures during fall months, particularly Septem ber. Refinements in
reservoir operations and cold - pool manag t, including real-time management, which
CALSIM cannot model, may reduce this effect, but this has not been evaluated using the hydrologic
and water temperature simulation models. However, results of the SacEFT and SALMOD models,
‘which account for flow, temperature, and other variables in the upper Sacramento River, predict
that spawning habitat conditions will not be different (SALMOD) or will be improved (SacEFT)
under the proposed project compared to existing bielogical conditions, which is in contrast to the
epg mortality model results described above.

Fall-run Chinook salmon. No major adverse effects were detected on upstream spawning or egg
incubation habitat conditions (e.g., reservoir storage, instream flows, water temperatures during egg
incubation) for fall-run Chinook salmon in the Sacramento River based on results of model analyses
using the Reclamation egg mortality model, SacEFT, SALMOD, and other tools. Small positive and
negative changes were detected in the Sacramento River, such as reduced summer and fall flows
relative to existing conditions. No substantive changes in reservoir storage or river flows affecting
fall-run Chinook salmon habitat conditions were detected in the Feather, American, San Joaquin,
Stanislaus, or Trinity Rivers or Clear Creek. Preliminary proposal operations have no effect on flows
or water temperatures in other tributaries, including the Mokelumne, Cosumnes, Merced, and
Tuolumne Rivers, or habitats in areas such as Mill, Deer, Butte, and Battle Creeks.
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Late fall-run Chinook salmon. No major adverse effects were detected on late fall=run Chinook
spawning and egg incubation habitat conditions in the Sacramento River based on CALSIM, SacEFT,
SALMOD, and other modeling tools. Although most changes in spawning habitat were attributable to
climate change, the SacEFT model indicated that preliminary proposal operations would resultin a
small incremental reduction (5%) in the number of years with “good” spawning habitat conditions
for late fall-run Chinook salmon.

White and green sturgeon. Spawning white sturgeon and their eggs would experience similar flow
and water temperature conditions under preliminary proposal operations relative to existing
biological conditions. There are small beneficial and adverse effects on spawning and egg incubation
habitat conditions, but no major or consistent adverse effects were detected in the Sacramento,
Feather, or Stanislaus Rivers. The greatest changes in upstream habitat conditions resulted from
natural variation in interannual hydrology (e.g., between wet and dry years) and future climate
change. These major habitat effects were largely independent of differencés between existing
conditions and preliminary proposal operations. Likewise, no major or consistent adverse effects
were detected on upstream spawning and egg incubation habitat conditions (e.g, instream flows
and water temperatures during egg incubation) in the Sacramento River for green sturgeon based
on results from the Reclamation egg mortality model, SacEFT, CALSIM outputs, and other tools. In
the Feather River, however, there is a reduction in flows during July and August of 29% on average,
but this effect does not translate into a consistent adverse effect on green sturgeon based on water
temperature exposure. There were nomeaningful differences between existing biological conditions
and preliminary proposal operations in exceedance of water temperature tolerances of 63°F and
68°F. The only effect is an increase of exposure to the upper threshold of green sturgeon tolerance of
73°F in up to 8% more months under preliminary proposal operations compared to existing
hiological conditions.

Pacific and river lamprey. No major or consistent adverse effects were detected on upstream
spawning and egg incubation habitat conditions (e.g, reservoir storage, instream flows, water
temperatures during egg incubation) for Pacific lamprey and river lamprey based on results from
the Reclamation egg mortality model, CALSIM, and other tools.

c.7.22 Holding Flows

Holding flows were evaluated for spring- and winter-run Chinook salmon adults. As described
below,; no adverse effects of the preliminary proposal are expected.

Conclusion 2. The preliminary proposal would have no effects on spring- or winter-run Chinook
salmon adult holding flows.

No major or consistent adverse effects were detected on upstream adult holding habitat conditions
(e.g., instream flows) in the Sacramento River for spring- and winter-run Chinook salmon or in the
Feather and Trinity Rivers or Clear Creek for spring-run Chinook salmon based on results from
CALSIM. The greatest changes in upstream habitat conditions resulted from natural variation in
interannual hydrology (e.g. between wet and dry years) and future climate change, Increased
adverse conditions reflect natural seasonal and interannual variation in river flows, coldwater
storage, and temperature effects on holding adults that were largely independent of preliminary
proposal operations.
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c.7.23 Upstream Rearing Habitat

Upstream rearing habitat for covered species would not change substantially, although some
increase in Feather River temperature may adversely affect green sturgeon and river lamprey, and a
decrease in late fall-run Chinook salmon rearing habitat also may occur. For spring-run Chinoolk
salmon, fall-run Chinook, green sturgeon, white sturgeon, Pacific lamprey, and river lamprey, the
greatest changes in upstream habitat conditions resulted from natural variation in interannual
hydrology (e.g., between wet and dry years) and future climate change. Increased adverse
conditions reflects natural seasonal and interannual variation in river flows, coldwater storage, and
temperature effects on rearing habitat that were largely independent of preliminary proposal
operations.

Conclusion 3. Upstream rearing habitat for covered species would not change substantially;
however, some adverse effects on late fall-run Sacramento River rearing habitat and on green
sturgeon and river lamprey rearing habitat as a result of increases in Feather River temperature,
and some benefits to winter-run rearing habitat, are expected.

Steelhead. No major adverse effects were detected on steelhead fry /juvenile rearing habitat
conditions based on CALSIM, SacEFT, and water temperature modeling results. The predicted
magnitude and frequency of instream flows, reservoir storage, and water temperatures potentially
affecting the quantity and quality of rearing habitat under proposed project and future baseline
conditions were comparable. Most of the differences and associated effects on steelhead rearing
habitat observed among the modeled scenarios were attributable to near- and long-term climate
change effects. Based on the results, preliminary proposal operations likely would have small annual
effects on flows and water temperatures affeeting steelhead rearing habitat, but would not affect
long-term habitat conditions relative to future baseline conditions. In the Sacramento River between
the RBDD and Keswick, the SacEFT model indicated that preliminary proposal operations would
result in a small incremental increase (5%) in the number of years with "good” rearing habitat
conditions for steelhead.

Winter-run Chinook salmon. The SacEFT model predicted thatwinter-run Chinook salmon
fry/juveniile rearing habitat in the Sacramento River would be classified as good in 23-26% more
years under preliminary proposal operations relative to existing conditions.

Spring-run Chinook salmon. No major or consistent adverse effects were detected on upstream
fry/juvenile rearing habitat conditions (e.g., instream flows; water temperature, stranding) in the
Feather River, Trinity River, San Joaquin River, or Clear Creek for spring-run Chinook salmon based
on results from CALSIM and the Reclamation water tem perature model.

Fall-run Chinook salmon. No major or cansistent adverse effects were detected on upstream
fry/juvenile rearing habitat conditions (e.g., instream flows, water temperature, stranding) in
upstream waterways for fall-run Chinook salmon based on results from CALSIM and the
Reclamation water temperature model,

Late fall-run Chinook salmon. No adverse effects were detected on late fall-run Chinook
fry/juvenile rearing habitat conditions in the Sacramento River based on CALSIM, SALMOD, and
water temperature modeling, The predicted magnitude and frequency of instream flows, reservoir
storage, and water temperatures potentially affecting the quantity and quality of rearing habitat in
the Sacramento River under proposed project and future baseline conditions were comparable,
Most of the differences and associated effects on late fall-run Chinook salmon rearing habitat
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observed among the modeled scenarios were attributable to near- and long-term climate change
effects. Despite these results, the SacEFT maodel indicated that preliminary proposal operations
would result in an incremental reduction of 14-28% in the number of years with "good” rearing
habitat conditions for late fall-run Chinook salmon. However, based on the weight of evidence
(SALMOD results, flow, and temperature exceedance analyses), there should be no detectable
change in rearing habitat conditions for late fall-run Chinook salmon in the upper Sacramento
River.

Green and white sturgeon. No major or consistent adverse effects were detected on upstream
larvae/juvenile rearing habitat conditions (e.g, instream flows, water temperature, and stranding)
in the Sacramento River or upstream waterways for green or white sturgeon hased on results from
CALSIM and the Reclamation water temperature model. Additionally, larval and juvenile white
sturgeon would experience similar or slightly improved flow and water temperature conditions.
Green sturgeon larvae will experience reduced flows in the Feather River from July through
September, when flows are reduced by 42% on average in wet, above normal, below normal, and
dry water years. However, reduced flows are not expected to translate into water temperature
effects in a major or consistent way, except.during the LLT implementation period, during which
exposure to the upper 73°F water temperature threshold will occur 5-14% more often under
preliminary proposal operations than under existing biological conditions.

Pacific and river lamprey. No major or consistent adverse effects were detected on upstream
ammocoete rearing habitat conditions (e.g, instream flows, water temperature, stranding) in
upstream waterways for Pacific lamprey or in the Sacramento, Trinity, American, and Stanislaus
Rivers for river lamprey basedion results from CALSIM and the Reclamation water temperature
model, In the Feather River below Thermalito Afterbay, there is asmall to moderate increase in
exposure to elevated water tem peratures, although this effect is not ebserved fartherupstream at
the Fish Barrier Dam: This increase in exposure to elevated water lemperatures is expected to result
in a small to'moderate increase in mortality of ammocoetes in the region below the Thermalito
Bypass.

Cc.7.24 Passage, Migration, and Movement

Passage, migration, and movement were evaluated for upstream and Delta areas for all species.
Overall, the results indicate that there will besome improved and some reduced passage as a result
ofthe preliminary proposal.

Conclusion 4. Overall, flows in upstream areas during migration and transport periods for
anadromous fish are not substantially changed under the preliminary proposal, with some
exceptions.

The great majority of modeled river flow estimates upstream of the Plan Area suggested that, once
effects associated with climate change were factored out, average differences in flow between PP
and EBC during covered fish species migration and transport periods would be minor (Table C.1-3).
The general pattern was for little change, with minor increases or decreases depending on water-
year type. There were essentially no changes in migration flows in Clear Creek, the Stanislaus River,
and the San joaguin River at Vernalis. Analvses were based on the assumption that migration and
transport are enhanced with increased flows, although there were few specific thresholds or ranges
that could be applied. Summaries of the main patterns are provided below.
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Effects Analysis Conelusions.

Steelhead. The Feather River was the only location where migration flows during periods of
steelhead occurrence exhibited a number of differences between preliminary proposal and existing
conditions: migration flows for juveniles and kelts were somewhat (generally 10% or more) greater
under the preliminary proposal in most water-year types, but for adults, preliminary proposal flows
were greater (10-20% more) only in dry and eritical years.

Winter-run Chinoolk salmon. The analysis suggested little difference between existing conditions
and preliminary proposal average flows during the juvenile downstream migration period in the
upper Sacramento River (River Mile [RM] 194 to Keswick).

Spring-run Chinook salmon. As with steelhead, the Feather River was the only location with
appreciable differences in migration flows between preliminary propesal and existing conditions,
with the former averaging 5-30% greater than the latter in most water-year types.

Fall-run/late fall-run Chinook salmon. Migration flows for fall-mun Chinook salmon were
generally little different between preliminary proposal and existing conditions at most locations,
except the Sacramento River (RM 194 to Keswick), American River, and Feather River. In the upper
Sacramento River, adult migration flows were around 10-20% less under the preliminary proposal
in wet and above normal water years, and either similarorup to 20% greater under the preliminary
proposal in the remaining water-year types; In the American River, appreciably less average adult
migration flow (7-26%) occurred under preliminary proposal conditions than under existing
conditions in wet and above normal years, whereas in critical years preliminary proposal flows
were 13-39% greater. Juvenile migration flows in the Feather River averaged around 10-20%
greater than existing biological conditions for above normal, below normal, and dry years and were
similar in other years. Adult migration flows were 12-32% less on average under the preliminary
proposal in wet, above normal, and below normal years, in contrastto asimilar percentage greater
under the preliminary propesal in critical years. For late fall-run Chinook salmon adults, there was
little difference in migration flows between the preliminary proposal and existing conditions in the
Sacramento River (RM 194 to Keswick).

White sturgeon: Analyses for white sturgeon focused on the Sacramento River (North Delta to RM
143 subregion—i.e., Wilkins Slough and Verona CALSIM nodes). For juveniles, average migration
flows at Veronawere more than 5% lower under the preliminary proposal scenarios in all water-
year types, ranging from around 6-11% in critical vears to 20% in wet years. Larval transport flows
‘were represented by the average number ofmonths per year that exceeded thresholds of 17,700 cfs
(Wilkins Slough} and 31,000 cfs (Verona) and were variable in terms of estimated effects. The
results ranged from little change or somewhat more frequent exceedances of flow thresholds (16%
greater in above normal years) under the preliminary proposal relative to existing conditions at
Wilkins Slough, to reduced flow threshold exceedances at Verona of 9-50%. (The latter value
occurred in dry years, when the average number of months exceeding the threshold was low
regardless of scenario.)

Green sturgeon. Flows for green sturgeon migration were analyzed in the upper Sacramento River
and Feather River and demonstrated contrasting changes for different life stages. Preliminary
proposal flows that were lower than flows under the existing conditions were evident for larvae and
juveniles in both systems and occurred primarily in wet, above normal, and below normal years,
with the preliminary proposal flows in the Feather River falling in the 25-50% reduction category
on average and those in the Sacramento River falling in the 5-25% reduction category. In contrast,

Bay Delta Conservation Plan c7.14 December 2011
Working Draft = ICF 00610.10

No comments

_n/a_



Kote to Reader: This & o revised.
Fish and Gome, LS. Fish and Wikife So

king draft prepored by the BDCP consuitents, Tins documment & currently undengoing reviews by the Department of Wler Resowrces with input from the Depertment of
i, Natianal Musine Fisherios Serviee, ond U.S. Buseou of Reclomation and does: not necsasily refiect the position of the state or federol ogendies. It s expected

toga thragh several more revisions prior fa being reersed for formal pubBc review and comaent in 2012, Al members of the public wil have ton the public deaft of @
revised version af this document dusing the formel pubiic review aad comumant perid. Responses wif be prepered anly an comments submittad in the formed pubiic review aad comment period

WO~ O W B

13
14
15

16
17
18
19
20
21
22
23
24
25
26

27
28
29
30
31

33
34
35

36
37
38

39

41
42

Effects Analysis Conelusions.

adult migration flows were either similar or, in the case of the Feather River, somewhat increased in
ahove normal, below normal, and dry water years.

Pacific lamprey. Average Nows during Pacific lamprey migration periods were quite similar under
the preliminary proposal and existing conditions (or slightly greater, up to 10%, under the
preliminary proposal) on the Sacramento River (RM 194 to Keswick), Feather River, American
River, Stanislaus River, and San Joaguin River at Vernalis.

River lamprey. Average flows during river lamprey migration periods generally were quite similar
under the preliminary proposal and existing conditions for macropthalmia, with differences
occurring for adults that typically indicated lower flows under the preliminary proposal than
existing conditions. For adults, the difference was less than 5% for the Stanislaus River and San
Joaguin River at Vernalis, whereas flows were 6-13% lower under the preliminary proposal for the
Sacramento River (RM 194 to Keswick), Feather River, and American River:

Conclusion 5. Attraction flows and olfactory cues in the west Delta for upstream anadromous
migrating fish will be altered because of shifts in exports from the south Delta to the north Delta
under the preliminary proposal.

Sacramento River flows downstream of the north Delta intakes will be reduced under preliminary
proposal operations relative to existing conditions, while reduced exports in the south Delta
generally will increase the proportion of water in the west Delta originating from the San Joaquin
River. The change in olfactory cues (percentage of Sacramento River or San Joaquin River water at
Collinsville predicted using DSM2 modeling within the fingerprint analysis) differed by species
(Table C.1-3). Under the preliminary proposal, the average percentage of Sacramento River-origin
water was always lower than for the existing conditions, ranging from 2-49% less for steelhead to 8-
10% less for fall-run Chinook salmon. Under the preliminary proposal, the percentage of San
Joaguin water was generally considerably greater than under existing conditions, atleast in relative
terms; however, the actual percentages involved were low (single digits) because a very low
percentage of San Joaguin River water contributes to the water in the west Delta in any scenario.

Adult attraction/migration flows at Rio Vista under the preliminary proposal were lower than flows
under existing conditions for most water-year types. The relative difference between scenarios
ranged from 5-9% in all except critical water years (little changed) for winter-run and late fall-run
Chinook salmon to more than 20% in some Water-year types for steelhead, spring-run Chinook
salmon, and fall-run Chinook salmon; the latter species had.up to around 50-60% lower average
flows under the preliminary proposal’l'n wet and above normal years. In dry and critical years,
differences in migration flows between preliminary proposal and existing conditions were often less
than 5%, and in some cases preliminary proposal flows were greater (eg, fall-run Chinook salmon
in the LLT).

Conclusion 6. The prelimi limpr infish facilities at the Fremont
Weir and within the Yolo Bypass [CM 2) wull reduce delay and strandmg of upstream migrating
adult anadromous covered fish species.

The suite of actions proposed to improve adult fish passage as part of CM 2 (Yolo Bypass Fisheries
Enhancements) is expected to benefit covered fish species by reducing stranding and delay in the
Yolo Bypass. Limited stranding and rescue data indicate that appreciable percentages (10% or
more) of the green sturgeon spawning population in particular currently may be negatively affected
by the passage impediment caused by the Fremont Weir. The efficacy of the passage improvements
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Effects Analysis Conelusions.

at the Fremont Weir and other locations in the Yolo Bypass (e.g., Lishon Weir) cannot be estimated,
but will be monitored, and adjustments will be made through adaptive management. Resulting,
improvements in migration may vary by vear type as a result of differing inundation frequencies and
volumes, butoverall CM 2 is expected to have a major positive effect on upstream migrating
anadromous covered fish species, in particular sturgeons and salmonids.

Conclusion 7. Chinook salmon smolt survival during outmigration through the Delta includes
tradeoffs bet itive and tive flow changes in the Yolo Bypass and Sacramento River,
with uncertainty to he informed by monitoring and adaptive management.

The results of the DPM showed that through-Delta survival of Chinook salmon smolts was generally
similar or slightly lower under the preliminary proposal than under existing biological conditions.
The difference in survival between preliminary proposal scenarios and existing biological conditions
in the early and late long-term ranged from averages of considerably less than1% of the smolts
entering the Delta (San Joaquin-origin fall-run Chinook) to 1-2% af smelts for fall-, spring-, and
winter-run Chinook from the Sacramento River and fall-run Chinook from the Mokelumne River.
The observed patterns represented tradeoffs between positive and negative aspects of the
preliminary proposal relative to the existing hiological conditions, as assumed in the model. Positive
aspects of the preliminary proposal include the increased diversion of fish into the Yolo Bypass for
smolts migrating down the Sacramento River that encounter the new notch at the Fremont Weir.
The Yolo Bypass migration route is dssumed to have survival equal to the maximum survival in the
nearby Sacramento River, as well as offering the advantage of avoidance of diversion through
Georgiana Slough or the DCC into the low-survival interior Delta. The benefits of increased entry
into the Yolo Bypass were greatest for winter-run Chinook, followed by spring-run and finally fall-
run, for which there was little benefit because their assumed timing is during a period when Yolo
Bypass inundation is generally too low to promote appreciable diversion. The relatively good
survival assumed through the Yolo Bypass is based on studies conducted on fish smaller than
smolts, and the assumption will require refinement based on monitoring studies of acoustically
tagged smolts to be conductedin the future. Reductions in south Delta exports also improve survival
of smolts, although as noted in the entrainment appendix (Appendix B, there are situations in drier
water years where exports from the south Delta are increased because of bypass requirements at
the north Delta intakes. Such situations generally arise during the fall-run migration period and
explain the lower survival through the interior Delta of this race.

Negative aspects of the preliminary proposal include an assumed increase in predation of
Sacramento River—origin smolts inthe vicinity of the north Delta intake structures because of
predators holding station in the area; the current modeling assumed around 1% of each run would
be lost, but again this number is uncertain.and will be refined through targeted studies. The
potential benefits of habitat restoration in the Delta also are not captured by the DPM results, which
focus on flow-related survival and migration routes through the Delta,

Conclusion 8. Increase in Stockton Deep Water Ship Channel DO Ievels {CM 14) will improve

upstream migration conditions for fall-run Chinook st 1, and other species in the
San Joaquin River basin,

Preliminary results from the oxygen diffusion system that forms the basis for CM 14 suggest that it
can raise DO levels to meet total maximum daily load objectives (at least 6 mg/L of DO from
September 1 to November 30, and at least 5 mg/L at all times). The long-term funding for operations
and maintenance of this facility, coupled with improvements that would be implemented based on
adaptive management and monitoring, will ensure that any passage impediments caused by low DO
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Effects Analysis Conelusions.

in this area for upstream migrating adult fall-run Chinook salmon and steelhead in the San Joaquin
River basin would be minimized. Improvement of DO in the vicinity of the ship channel also will
benefit any other covered fish species using that area of the Delta.

Conclusion 9, Modification of the Suisun Marsh Salinity Control Gate operation will improve or
maintain passage for adult anadromous fish.

As operations of the SM5CG become less frequent, upstream passage for adult anadromous fish such
as Chinook salmon, steelhead, sturgeons, and lampreys will have less potential for delay and
subsequent effects on reproduction in natal tributaries. Passage will be improved or maintained at
low levels expected from reduced operations under the preliminary proposal.

Conclusion 10. Nonphysical fish barriers (CM 16) have the p ial to inhibit j ile fish from
entering the interior Delta, but further researchis r y to luate effecti sunintended
passage impedance for adults also requires research.

Juvenile Chinook salmon and steelhead, and juvenile and adult delta smelt, angﬁn smelt, and
Sacramento splittail are most likely to benefit from nonphysical barriers at important channel
divergences such as Sacramento River-Georgiana S]dugh and San Joaquin River-0ld River because
these species have hearing abilities that are likely to respond to the main barrier stimulus (i.e, the
acoustic signal). As such, these barriers could be an effective tool for precluding these species from
entering the interior Delta, where mortality may be higher than in the main channels of the
Sacramento and San Joaquin Rivers. There is little potential to inhibit white and green sturgeon or
Pacific and river lamprey from entering theinterior Delta because these species have little
sensitivity to the acoustic deterrence of the nonphysical barriers; further, in the case of deep
channels, the barriers are not constructed to include the channel bottom area where henthic-
oriented species like sturgeon would be migrating, The effectiveness of nonphysical barriers will
depend on the water-velocity characteristics in the vicinity of the barrier and on the extent to which
predatory fish congregate along the barrier.

However, nonphysical barriers could be encountered by upstream migrating adult anadromous
fishes (e.g, winter- and spring-run Chinook salmon, steelhead, Sacramento splittail, sturgeons, and
lampreys). The potential for impedance or delay would be low for fish with poor hearing ability
(sturgeons and lampreys), whereas the potential for impedance of the other species would increase
aswater depth decreases and a greater portion of the water column is occupied by the barrier.
Ongoing testing at Georgiana Slough and the head of the Old River will provide more insight into the
potential effectiveness of CM 16 under various flow and geomorphic conditions, as will monitoring,
research, and adaptive management of the CM.

Conclusion 11, Reduced Sacramento River flows may reduce longfin smelt and delta smelt larval
transport, with the potential to reduce survival for longfin smelt,

Decreased transport flows in the lower Sacramento River have been identified as one mechanism
that could adversely affect the growth and survival of larval delta and longfin smelt. Compared to
existing biological conditions, the preliminary proposal reduces Delta outflows during the winter-
spring delta smelt and longfin smelt larval period, potentially reducing downstream longfin larval
transport and subsequent survival. Projected reductions assume a direct relationship between
outflow (expressed as X2) and longfin smelt abundance. However, the correlation is not understood,
and it may not reflect larval transport but may instead be reflective of some other relationship. The
longfin smelt analysis estimated that once climate change-related flow effects had been factored
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out, changes in outflow during the larval period have the potential to reduce abundance of older life
stages represented in Bay-Delta trawl surveys by 8-24% in the ELT and 1-18% in the LLT on
average. Results of particle tracking modeling for longfin smelt estimated that the potential for
emigration to the LSZ in Suisun Bay (as represented by the number of particles reaching Martinez)
was on average 0-8% lower under the preliminary proposal compared with existing biological
conditions when accounting for climate change-related effects.

For delta smelt, larval transport under the preliminary proposal as assessed by particle tracking
ranged from little difference from existing conditions up to 20% less, after accounting for flow-
related climate change effects. In contrast to longfin smelt, relationships estimating subsequent
abundance of older life stages from changes in transport flows are not present, so the estimated
changes solely reflect changed potential in larval transport.

Cc.7.25 Delta Area Effects

Conclusion 12. Changes in Sacramento River flow may resultinan overall decrease in channel
margin bench habitat, but restoration will offset this effect.

Results of the analysis of the effects of changesin Sacramento River flow and water surface elevation
on channel margin bench habitat showed site-specific differences attributable to site elevation and
the interplay of differing flows and other effects such as tidal muting from the preliminary proposal.
At the north Delta sites, inundation frequency under the preliminary proposal was on average
similar to or lower than under existing conditions, whereas average inundation duration was lower
in the early long-term and higher in the late long-term. At the Cache Slough site, considerable
increases in inundation frequency and duration under the preliminary proposal may be a result of
the site’s low elevation combining with tidal dampening because of restoration, Redugtions in bench
habitat inundation at eéxisting sites may be offset by restoration at other sites within the North Delta
and Cache Slough subregions, as described for CM 4 (Tidal Habitat Restoration) and analyzed in
Appendix F, Habitat Restoration.

Conclusion 13. The reduction in OMR reverse flows and the corresponding increase in net positive
downstream flows through the south Delta channels are expected to improve migration cues,
improve migration rates and pathways, and contribute to imp dlarval andj ile survival
and reduced adultstraying; reverse OMR flows will be greater in certain water-year types.

As aresultof preliminary proposal operations, the frequeney and magnitude of OMR reverse flows
are expected to be reduced significantly during the late winter and spring period for wet, above
normal, and critical years, which coineides with the seasonal period of migration of many of the
juvenile fish such as Chinook salmon, steelhead, larval and juvenile delta and longfin smelt, and
juvenile splittail through the interior Delta channels. The predicted improvements in south Delta
flow conditions (significantly reduced OMR reverse flows, improved net positive downstream flows,
improved olfactory cues, and attraction flows for the San Joaquin River and its oributaries) are
significant benefits of the PP operations on flow conditions affecting habitat, migration, and survival
of fish inhabiting the Delta

Improved hydrologic conditions in the south Delta in response to proposed project operations are
expected to contribute to improvement in the flow cues followed by juvenile and adult fish passing
upstream and downstream through the Delta and thereby improve migration and survival and
reduce straying. Reduction in OMR reverse flows also is expected to reduce the movement of
planktonic larval and juvenile fish (e.g, delta and longfin smelt, Chinook salmon) from the
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Effects Analysis Conelusions.

Sacramento River through the interior Delta to the south Delta and thereby improve their survival
and abundance. However, as noted in Appendix B (Entrainment), OMR reverse flows may be
increased in the late winter/spring in drier water-vear types because of export restrictions at the
north Delta intakes, which would negatively affect species present there at the time, such as juvenile
spring-run Chinook salmon and larval-juvenile delta smelt.

In dry and below normal water years, the reverse OMR flows are increased compared to existing
hiological conditions, which may translate to adverse effects on Chinook salmon and splittail
juveniles, and delta smelt and longfin smelt larvae and juveniles. However, the reverse OMR flows
under the preliminary proposal for all water years are still within the requirements of the NMFS and
USFWS BiOps for CVP and SWP operations, and the biological response of these species to relatively
small OMR reverse flow changes may not result in adverse changes in species survival.

Conclusion 14, Increased Yolo Bypass inundation will create sub tial biological benefits to
Sac nto splittail sp ingand ing, with other species likely to benefit; stranding risk is
generally low.

Based on results of hydrologic models, modification to the Fremont Weir to increase inundation of
the Yolo Bypass floodplain during the winter and spring menths (CM 2) would create substantial
biological benefits to splittail spawning suceess and rearing; increased benefits to rearing and
migration by other juvenile and adult fish also are expected. The benefits of enhanced growth for
Chinook salmon fry on the Yolo Bypass are examined in Appendix F, Ecological Effects. The benefits
of increased inundation to splittail were found to be greatest in wet, above normal, and below
normal water years, when seasonal flows in the Sacramento River are greatest: In these water-year
types, habitat area for splittail was on average 60-300% greater unider the preliminary proposal
scenarios compared to existing biological conditions. The anticipated benefits would be greatest for
those fish that rear in floodplain habitats as juveniles during downstream migration, including
juvenile winter- and fall-run Chinook salmon. Other fish such as steelhead, late fall-run Chinook
salmon, green and white sturgeon, and Pacific lamprey would be expected to benefit from using the
floaded bypass as a migratory corridor, but would not be expected to rear extensively in the flooded
area. Splittail, which spawn on seasonally inundated floodplain habitat, would be expected to benefit
from access o spawning and juvenile rearing flood plain habitat. There is little or no change in
inundation of the Yolo Bypass floodplain in dry and critically dry years when river flows are low.

Fish species such as splittail and juvenile Chinook salmen that historically used seasonally
inundated floodplain habitat for spawning or juvenile rearing have adapted behavior to respond to
flow recessions and draining of floodplain habitat. The DRERIP analysis of stranding suggested low
magnitude of negative effect for all species examined other than juvenile steelhead, for which the
potential for stranding was assessed to be slightly higher. In general, the risk of stranding juvenile
fish in the Yolo Bypass has not been identified as a major potential source of mortality but will be
informed by monitoring and adaptive management of improvements to the floodplain.
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Conclusion 15, The delta smelt fall abiotic habitat index is estimated to be similar between the
preliminary proposal and existing biological conditions in the drier 40-50% of years and will be
lower under the preliminary proposal in the wetter 50-60% of years, with the magnitude of
difference depending on existing biological conditions; if occupied by delta smelt, restored habitat
may decrease the magnitude of difference in wetter years and result in a greater habitat index in
drier years,”

The delta smelt fall abiotic habitat index was lower under the preliminary proposal relative to
existing biological conditions, particularly for years with higher flow (Table C.1-3). The greatest
differences were for years with higher flow under the EBCZ2 scenarios, which incorporated the
USFWS (2008) BiOp requirements for Fall X2 in above normal and wet years. The differences were
relatively low between EBC1 and preliminary proposal scenarios because the requirements for Fall
X2 were not included under the modeling for EBCL. Under the agsumption that restored areas have
abiotic characteristics similar to adjacent areas, the magnitude of the reductions under the
preliminary proposal may be reduced in wetter years, and there may be a similar or greater habitat
index in drier years (Table C.1-3). However, this assumption will depend on the characteristics in
the ROAs, a topic explored in more detail in Appendix E (Habitat Restoration). The likely change in
the X2-abiotic habitat index relationship under future configurations of the Delta and the potential
influence of additional factors such as water temperature add uncertainty to potential effects.
Monitoring in restored areas will provide information on physicochemical characteristics of the new
habitat to inform the nature of changes in the delta smelt fall habitat index. Fish sampling in these
new areas also will reveal the actual extent to which the areas are used by delta smelt.

5 The scientific value of the abiotic habitat method and its application is currently the subject of Endangered Species
Act litigation between USFWS, DWR and the public water agencies, has been under scientific review, and is the
subject of ongoing data collection and evaluation. The utility of the results of this method, along with other methods
used to evaluate delta smelt habitat, will be reported in Chapter 5.
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