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Proposed Sotutions

Antioch believes that potential sofufions may exist that could allow the BDOP 1o meet the

co-equal goats. These potential solutions fnclude

+  Commit to the goals of restoring substantial areas of the Delta eo e and ko
measures 10 enhance Delta outflow prior to the construgtion of any now export

conveyance facilities

stablish effective and comprehensive restoration and enhancerent goals and
objectives for the Delta that are quantifiable, achievable, binding, and fidly
funded

= Tstablish a "o No Harm™ policy:
Department of the Interfor bidloy

The SWRCRE, Department of Fish and Game,
s Wd ISEP /\ ave wcn \\mmdcd ncrenged

ng fev 01

reduce outflow or increase safinity Mym’xd exist
e Incorporate mitigation for impacts into the BDCT planai
sather than a8 an after-the-fact approgeh within the HR
s identified significant potential inpacts of the BDCP
should be addressed as part of the project design.
e Consider physieal and reglonal n-Delta options to mitigate potential impacts of
the BDCP, such as: regionat eomsolidation of intakes and desalination
e Inclide reducied diversion ant focreased Delta owtfTow altermatives for the
FIR/ELS
s Provide stakeholder engagement and comument disposition as part of the
development of the BDUT and NOCP/AIRELS process. To date, siakeholder
concerns have generally notbeer addressed, nor sohutions discussed, with the
exception of a few of

and projoect des
pmc ess. Mot

yand

Antinch is ready to engage in discussing and developing these potentinl solutions. The
City Tooks forward to working with all partics 10 achieve potential solations that improve
and restore the California Delia. Please contact me if yvou have any questions, or to
discuss how Antioch’s concerns may he addressed at this st

1

Sineerely,
2ty
A/ \3/4;2/(,&("& : ) oS

Phil Harrington

Director of Capital Tmprovements/Water Rights
City of Antioch

P.O. Box 5007

Auntioch, CA 94531

pharrington] intioch e us

City of Antioch: Concerns with BRCP
November 13, 2010
Page 7 of ¥

L8

Crintgressman George Miller

Eangressman John Garamend)

LLS Senator Ditnme Feinsteln

LLS. Senator Burbara Boxer

Senator |,0is Wolk

Senater Mark De Sautnier

Assembly Member Sared Huffinan

Agsembly Member Joan Buchanan

City of Antioch 1y Manager Jim Jakel

City of Antioch 1ty Attorney Lynn Tracy Nerland
Cliy of Antioch Mavor and Qity Council Members
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fegistatively declared "equal,” export water supply reliability and ccogys
are not equal — not yet, Significant restoration and enhandement of the Dieh
will weed to be miumud@;m the Delta ccosystein could over be dedlared
with-export water supply tefiabifity

1 eoosvsiem
T
i

,«_..

co-equal”

As outlined in the D5C White Paper on the Defta Prasysrenr the Delta environment has

beon substantially degraded by systomatic alterations that have oceurred over the past 130

years, including historic anthropog

niv alterations tat ocourred prior w1920 and that
resulted in significant decreases in outflow and increases in salinity. The State and
Faderal Water projects (the Projects) resulted in additional, substantial impacts to the
Drelta following this time perfod. The BDCP proposed project will compound these
historie injurics and will further degrade the Delta environment and the fisheries it
supports The US EPA, State Water Resources Control Board, Califoria hqmmmm of
shand Game. and most recently, Department of Trterior biotogists” have alt cattes
wnereased Delta outflow and reduced diversions, not the opposite, a5 BDCP is pmpmmg

Attached o this letter as Attachment € are portions of fstimony submited by Antioch
outhining the historic alteration of the Delta. This testimony wa
Water Resources Contral Board during the Delta Flow Criteria proceedings. Antioch’s
testimony (as well as testimony submitted by Contra Costa Water District™y shows that
the Delta was historienlly fresher thaw today s Delta and that the availability of
freshywater in the Delia .md at Antioch’s mmke has dechined as the result of historic
anthropogenic alterations.” Thistestimony also shows that while salinity historically

varied more than foday™s Delta, the variability occurred in s much Fresher Delra with
frosh water extending well into Sulsun Bay in most vears

No Proposals {0 Mitigate BDCP’s Potential Impacts

Antioch hag been actively engaged in the BDCP planning process, regularly attends the
BOCP Steering Comimittee and DSC meetings. and makes and submits conments on
issues as they arise. Antioch has sought to collaborate with the BDCP project proponents

7 See Department of Tnterior binlagists AT et fsse Brivf dnteit September 27, I0180

* Cona Costa Wat iet adso subaittied @ oompretionsive histanc safinity stidy tothe SWROB during
the Dielta Flow Criterta proceedings This study ean be found
~

R PR EIRT O

¥ As sot forth b more detsil in Attachment O Tidal maish ac n the Delty ¢
250,000 weres i the TR705 1o tess than 30,000 seres in the 19 and has ghies oo
Total upstrean reservolr st acity inoreased Trom |
30 MAF by 1070 Wit expo iv the Delta have been sreadily fner i
combined annual exports fFom CVPand SWT have increased, on average. fronyabous 75 M A
faty 19503 to about 5 MAF/yrdoring the 1 periad

of Antioch: Concerng with BDCP
November 15, 2010
Page s of 7

and agendies in the interest of protecting Antioch’s water supply and the western Delta
ceogvatens and the public st résources. However, to date there linve been no fruitful

discussions berveen Antioch and BDCP proponents or dgencies o mitigate the impadts
of'the BDCP, through cither regionalsolutidng or other measures

Antioch tas raised its concerns about the fmpacis to its water quatity and water rights
both in writing and verbally at numierous BDCP Steering Committee meetings.
Cormment fetiers onrecord from Steering Committer members and other stakeholders
raise simifay comeerns ; Hu ke requests that have not beory addressed to date, some from
more than a vear ago ™ Antioch, COWDL and North Delta Water A ency submitted a
Joint fetter in December 2009 to request both information on specific model parameters
and inputiontput data from the TP modeling analvsis, to confirm the accuraey and
adequacy of the models and 1o begin to esthmate impacts " Yo date. Antioch has
reveived only very Tinsited information, such that it cannot fully ov Altuate tie expected
fipacts 1 s veater supply

BDCP, the Defta Reform Act, and the Delta Plan - Getting It Right

Antioch strongly supports the DSCaking a more active role in reviewinyg the BDCP
documents to ensure compliance with the Detta Reform Act, as was discussed at the T
an Otober 21\" “J{HO While the BDCP has analyzed and publicized certain
oject. it has done aim(w nothing to analyze poténtial
vitigation .p“m.\chm 0 Mdtm» ndverse impracts of the projeet

BDCP Sicering Committee has deferred the discussion of mitigating adverse

5. saving that these impacts will b “address i durfng the EIR/TIS process
Steering Committee members and stakeholders have stated that engaging the impacted
varties proactively Will vistd a more effective plawand reduce the current lack of trust in
the process. To date. discu sion of mitigation has been done selectively, orbehind closed
doors. {iiven the icance of the adverse impacts, addressing mitigation issues now
could reduce mitigation costs and ensure the BDCP complies with the co-equal goal¥ and
the principles of reasonable use and the public st

Antioch does not appose t the principles and objectives of the BDCP. However. the Oity
betieves that the project as presently proposed would violate the co-equal goats and
continue 1o degrade the Delta environment— this ts-clearly not in the public interest,

e on she BDOCE

welbsite

FETRT R N

L¥STIYID3IY



ity of Antioch: Concerns with BDCP
Movember 15, 2010
Paye 2 of 7

4. The BDTP hag to date not made any proposals to mitig,
adverse impacts to Western Delta stakeholders

te or pay for potential

Addressing these concerns is not only important for the health of the Delt
the success of the BDCP. These concerns are discussed in more detail

s eritical to
selow

The BDCP as Pr

ently Proposed is not Consistent with the Co-iqual Goals

During the October 28, 2010, Delta Stewardship Couneit (DSC) meeting, Antioch was
pleased to hear that it appears 1o be the DSCs pasition that the BDCP mmt be consistent
with the co-equal goals,  Unfortunately, hased onrecent modeling and fffecrs Anafisi
by the BDCP, the BDCP project as presently propoesed is predicied 100

v Ingrease diversions and decrease Detta outflow. The BDCP iy profected 1o
inurease diversions from the Delta above the amounts that have been exporied to
date by up to 1 million acre Toet por vesr These projected additional diversions
witt reduce Pelta outflow,

Yegrade ity signiffcantly in the Western Delty and at Antioch’s Intuke
3DCE modefir s and'/ vy irdicate an incred alinity in the
Western Delta as a result of the export of Sacramento River water from the
northern Delta and veductions v nét Dela outflow,  The progosed BDCP
project i expected to increase avers nal salinily i the Wesiern Delta, w
Antively; and in wm(mm of the Centrat Detti b by 3 1o 30% d spring, sumimer, and
fall.] Daily increases in salinity within each of these periods. and o differ

types, are expected 10 range o signiffenntly higher values

i

niyeas

«  Reloeate X2 inthe summ
(eastward of its present Tocatd

Linwet and above normal

b The most recent BDUP Effsets Aralysis (October 71, 2000) (s altached 1o this lener ag AHachment A

Maodeling results from the BDOP presented at the fuie 17,
“BRCP Physicd Modeling Update: Summary of Dette
atrrchied to this letter as Attachment B

ninitied meeting,
v Resulty

* tuereases in salinity (although Tess than in the western Deltad s alse prediced 10 ogeuras & tesult of e
BOCP project fiv portions of the Ceiieal Delta and'in Old and Middle River Attachurent 1

Ciry of Antioch: Concerns with BDOCP
November 15,
Page 3 of 7

Western Delta Tmpacts

Reducing outflow and increasing salinity would adversely impact the Western Delta
ecosystem, which has evolved as o primarily freshwater ¢nvironment. Further, it appears
that the BDCP project as presently propased would neither protect nor enharrce the
cultyral, reereational, public trust resources or agricultural values in the Westers Delta
Al of these values fn the Western Deita are historically based on 3 Diefta with fower
salinity and greater mxtﬂm\ than the projected conditions following the implementation
of the BDTP project”

4

The BDTP s proposed project will also Rave impacts on Western Delia water suppty
fabifity, water rights and economiy. For examiple, potential costs to the City of Antioch
as a resalt of the salinity incredses projected by BDOP effects analyses are estimated to
be §24,000 per day (up to $720,000 pu monthy, when water s too saling f'or diversion
at the Citv's Treshwvater intake foe ation " Given Antioch’s current buds get of
dnnm\mmui 820 million per year, the impacts of the proposed project will be
mificant

The BBOP as presently proposed will continue the 150-year trend of Delta
Pegradation

The historie dectine of outflowand intrense in salinity cleardy indicates that the Delta
ecosystem has to date been glven far lower priovity than water exports. Although

of isital and
cately balaneed estuinry and wetland seosysem of

* Witdr Code sevtion 85072
enduring nterest 1o alf the pe
hemigplisrie fmporta

* 115 State poticy toachieve the comequal yoals of providing a more refiable water supply for Califorsia
and profecting, restaring and cahanéig the Dol deosyste These goals are 1o beachieved ina
e that pro and enhances the nuique culuwal, 1 natucal resouree; and agricklturl

values of the Del aivevidving place ™ The goid 'of Wwater supply reliabiliy ix oor Hinlied 10 Dielta
exports and mcludes meDejrawater supply relability Tnlerent in the eoequal poals are the following
olijecti 1 forth in Water Code section

i) Restone the Dot o
extrary avd v
{o} Tmprove wi 1o protect human health and the envivonient <o
water Guality objectives in the Dl

sem ticluding jts Gsferies and wildlite axthe heart of 3 healthy

sistont with achieving

Gyt 3 is requirement that e Defta Plan aad the sotions of the Defta
mpiir, o othenwise affect in any manner wharsoever™ water rights

ion 85031 The City of Antioch as an adjudicated pre-
turthe Western Delta Just 1o the casy of Suisun Bay at the
e Clty was Tornded in the 1850s and wag

aver 100

¢ Balanced with dehieving the co
Srewardship Council ot “dimints
i uduw P CHJ mvm :m!\:« Water (ode !

Astioch Ts focat
n- et Rivers
The City has diverted irs water supply front the Dalta for well
vl unhtsf gttty water rfgtns in the Delta. Aldough the €
af the San quum River, the primaty source of the City’s witer ﬁuppi\ 15
o Thiree Mile and Georgiima Stoughs as well ay From the confluence

Rims patnt 1§ ngar zh::
: the Sucramento Ris
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SWRCE Delta Flow Criteria Informational Proceeding March 22, 2010
HIBIT: Written Sumimary: City of Antioch

Pelta. A comparison of C&H data during 19081917 and estimates’ of distarc
freshwater from Crockett during the post-SWP construction period (1966-197
that salinity intrusion into the Dielia geeurs on average aboutd months eartier (in March
mstead of July ) during the post-SWP constroction period of 1966-1975 (AR, at pp. 173
Comparison of C&H data from 1908- 1017 1o estimates of distance to freshwater from
Crackett during the period 19952004 indicates that salinity intrusion during the recent
period not only urs earfier (by 4 months) but also extends farther in to the Delta (by
about § to 20 miles) (Att atpg. 18],

5, Conclusions

e Prioy o 1918, freshwater was almost abvays avall '*M@ at Antioch at Teast at fow
tide. Only during dry years and during high tGde conditions did salinity at Antioch
become brackish

= Between 1918 and the late 1930s, drought c:’)nc’h tions, upstreaim watgr diversions,
and channetization inerased the salinity of ey at Astioch

e By 1940 the drought receded, but salinity at Autioch remained ¢levated

e Salinity has coptinued to increase in recent yeurs at Antioch

e The fraction of time that water at Antioch is suitable for use (when salinity is =
250 mig/L. chlorides or 1000 pSiem ECT has declined significantly

e “Historic™ Delta was significantly fresher than the current Delta

6. Request

The City of Antioch requests that the Stite Water Resources Contrdl Bowrd review and
incorporate historie salinity data into its analyses when considering Dela outflow
requirgients o protect public trust resources in the Western Delta and the flow
sequirements o SB X7 1 e g, volume, iming and quality), and that the Board use
historie data 1o establish and to adjust its “baseling” of water quality for both fisheries
health and drinking water quality standaids. n fact, the Uity asks the SWRCB 1o
establish flow and salinity standards fn fing with the Delw’< historic fresh condition, The
City also requests that the SWRCB consider using the gauging station at Antiveh a5 a
point of interest 1o eusure that flow oriteria and salinitly objectives ate met

Refevences
HLAA '\ﬂ){ Lot

it Freshiaater s vl s

st Wiser Disivic 2000 Bapost Y.m i
¥ Hsiig i Frelta vl Sevson o

FEE IR
( m\d] \X’ [ i
A &\H? partimmé of Pablic Warks um ol mh/
Fremeaeo fhav Dulietn Mo 27 State of Uil
HN!«” qu immt of Witder M«uum s Pt
" .

Meanx

[0 \\’{ Wiy l‘mhhm b
Apdt] 18R Report propssud Tor
Podasan, Vo aind ) F Wobawl 1935 Dnoostividiion of the
Culifirntg Stoifond Unoesy Cilifimis 9\ a m v

stk v Wl vy i

Town nl'

U data in COWD

o made wy witl be

Wister Dmm { during this informa

ionat procecding

City of Antioch: Document

November 15,2000

Sentvia email to;

Phil Isenberg, Chair, and Members of the Delta Stewvardship Councll

Jog Grindst ,m, Acting Bxecutive Director, Delta Stewardship Council

Lester Snow, Director, California Resources Agency

David Hayes, Deputy Secretary of the Tnterfor

Karen Searborpugh. Undersecratary, Califoria Resources Ageney: for distribution to
BOCP Steering Comntitfee menthers

Rer  Antioeh’s Congerns fegarding the Bay Delta Conservation Pl (BDCP;

atrotuction

The City of Antioch believes Tt is important to pravide comments regarding the potential
adverse effects of the Bay Delta Conservation Plan (BDOP) on the Delta, particularly the
fnpacts that may conflics with the soals and policies of the Dela Reform Act

Antioch™s major coficernd with the BDCP pracess and propiosed project are summarized
as follows

L The proposed BDOP proposed project will not comply with the Delta Reform
Avet, wor meet the cosequal goals inthe Western Delta, The BDCP proposed
profect with

- Reduce Delta outflow

w Inerease relfanceon the Detta Tor water supply by incredsing exports
over corrent Jevels

+# Increase sialinity wthe Western Delta fand other portions of the
Dielta)

s Move X2 upstream from its present Tocation.

2. The effects of the BDTP would likely continue the 150-year trend of degradation
af the Delta, which was summarized 10 the deaft Defio Foosysten Whire Paper,
presenred 1o DYSC on Corober 782010

The BDOP has notanalyded the impatts of increased Western Defta salinity on
the Western Delta coosvsten

s
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SWRUB Delta Flow Criteria Informational Procesd Farch 22,2010

EXHIBIT: Written Summary: City of Antioch

342 Post-1918: ncreased wpsirewm diversions deaxtically increused sedinty intr ision

Testimony and measurements from the Delta {19 18-1920) presented by the plaintiff in
the Antioch lawsuit indicated that aller 1918, salinity abruptly fncreased during the
irrigation (rice cultivationy season, but returned to 4 potable level after irdgation
(At at pg. 133 The effect ol upstreain diversions was also confirmed by records |
plainti s testimony from California & Hawaifan Sugar Refining Corporation {
(CCWD 2010} Plaimifs testimony indicated that although Antioch is Tocated along tw
San Joaquin River, the source of much of the warter at Antiotch was the Sacramento Rive
which Howed to Antioch via Georglany and Three Mile Sloughs (At at pg. 14-15% this
was confirmed by the California Supreme Court (At at p. 153,

Information from the Antioch lawsyit is consistent with Hiterature reposts (see the
following discussion) and with paleo records of salinity and river Mow phidined from tree
rings and sediment cores ({CCWD 201

reposts

Several literatare veports confirm that freshwater was avaitable yearround in the weste
Dl ticluding Antioch) dand Suisun Bay dering the late 18005 and early 19008 For
instance, DPW (1931), the precursor ter the Department of Water Resouwrces. indicated
thit the City of /\nhmh obtained all or most of {1s freshwater supplies directly frony the
San Joaquin River until 1947 and that salinity intrusion prevented domestic use of water
at the Antioud mtake in summer and fall after 1907 (AL atpy 90 DPW (1901 and
Totoran and Poland (1935) indicated thay priorte the 19208, water near the Clty of
Pittshurg was sufficiently fresh for that City 1o directly obtain all or most of its freshwater
(AU at pg. 103 Ditlon (19807 and Cowell (1963} indicated that prior to the 19205,
freshwater was available in the Sulsun Bay and Carquinez Strafts for use by the City of
Benicia (At at pg. 10}, Means (1928) indicated that Carguinez Strait {near Martinez
the western Delta) is the approxunate boundary between salt water and freshwater under
natural conditions, Morcover, Means (1928) alse indicated that during the wet season
freshwater extended op to the Golden Gale (AT atpy 91

The Catilornia Departinent of Water Resources (DWR, 1900 estimated that witer with 2
chioride concentration 6F 350 mg/l. or would bie available at San fosquin at Antioch
about §3% of the time under mtumi conditfons (A arpy. 16 DWR (l%(u alsn
estimated that chioride concemtrations at Antioch would be Tess than 350 mg/. about
80% of the tirne n 1900 and about 60% of the time h\ 1940, with decreasing freshwate
availability due to upstromm diversions: DWR also projected further detert oration of
water guality in 1960 and fater, but did nof fnetude the effects of reservoir releases for
salinity control (Att atpg. 16).

4 Curvent Salinity Conditions ut Antiock

Satinity data compiled by the Intersgency Eeological Program (IEP} and Califorsia Data
Exchange Center (CTECY were used to analyze {he present availability of freshwater at
Antioch, These quantitative measurements from the present were compared to the

Page 3 of' S
ity of Antioch Document #5
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SWRCH Delia Flow Criteria Informational Proceeding: March 22, 2010
XHIBIT: Written Summary: City of Antioch

stimony from the Antioch lawsult and to observation recorded by T&H 1o establish
how sa%mm at Antioch and in the western Delta has increased aver fime compared to
historical conditions

4.1 Freshwatetavaitability continues 1o degling

Availability of freshwater at Antioch continues to decline, Antioch may take water at its
intake when salinity is Jess than 230 mgft chlorides fequivalént w about 1000 pSiom

* The number of days per y ed as a percontage, when daily average
salinity ar Antioch waghelow 1000 gSiom eclined from about 70% (i (he Tate 19605
to about 40% during the recent period (At at pg. 19y

Even i vears with above normal runoff in fie Sacramiento River witershed, freshwater at
Antoch fs Tess avaitable dan hiswrically (AL at pi. 28). For instanee, during the above
normnd wate! Vear 0000 warer at the City of Antioch’s intake was below 1000 pS/om EC
for the entire day for ahout four-and-a-half months (eacly February through mid-June}
and for a portion of the day at Jow tide for another threeand-a-hall montlis (mid-June
through September). For the remaining four months (October-January §, water at the

City s intakes exeecded 1000 (S/eny BC for the entire day, regardioss of tidal stage
Testimony from the Antioch tawsuit fndicates that prior to T9T8, water at the CTity of
Antioch's fnfake was below 1000 1S m EC for the entire day during above-noral years
aric in alt but dry 1 monthy,

Satinity at fow tide at Antioch during the present is higher than Histovical conditions (Ad
pu: 2L Por instance, during the period 1985 10 2009, the tenth percentile Tow tide daily
sadintty was below 1000 3 Sem BC for aboat one-ard-a-hati wionthis, and the 75
pereentile Tow tide daily salinity was below 1,000 pSiom EC for abuut ning months,
However, testimony from te Antfock lawsuit indicates that during the driest years prior
1w 1918, Tow tide salinity at the City of Antioc’™s intake was below 1000 uS/om EC for
about nine months: For all but the driest vears, salinity at low tide was below 1,000 p8/em
EC throughowut the vear. These data establish (hat salinity is higherat Antioch Tor @ wid
range of hvdrologic conditions and for a tonger duration of the year than under historic
canditions

cangd extpnds farther

F Sulinity Irrusion o

Since the early 1900s the California & Hawaiian Sogar Refiniig Corporation (C&H),
tocated in Crockett near the western edge of Suisun Bay, obtained its freshwater supply
in Crockelt, When freswater was not available st Crockett, C&H used barges that
traveled upstrears on the Sacramento and San Joaquin Rivers 1o procure freshwater, The
measurements of distance to freshwater from Crockett, recorded duting thise barge
aperations, serve as o surfogate for the historical extent of freshwater in the western

of 250 wy/L chiorides ar the Sin Jonguin Riverat Antoch is based on
of” r‘\mmch and DWR. Ttits threshold i apgrodimatety eoui vident
caf refarfonships bertveen chiloride eoncentration and
wd Tune 24, 1980)

“Fie freshwares satinity tireshole
the P68 agreement between the Cit
PO S/ BO. based on e site
K Guiverchi, DWR \11‘;\1<wndmn 4

Pape 4 of'3
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SWROB Delta Flow Criteria Informational Proceeding: March 22,2010

EXFUBIT Written Summary: Tity of Antfoch

State Water Resources Control Board
Delta Flow Criteévia Informational Procecding
March 22, 2010

Fxhibit by City of Antioch
Summary of Historieal Freshwater Availability at Antioch

Summary

The historic (pre- 1918 Dol was sfgnificantly fresher than the current Delta. The
characterization of the Delta as “historically saling™ is false and {s vot Based on scientific
evidence. Historical satinity and Aow vonditions must be considered when (D
establishing Detta outflows and inffows to protect public trust values which adapted
these conditions, (1) estublishing the criteria (volume timing and quality) requirad by
Senate Bl 7X 1, and (ifi) estabilishing drinking water quality standards for the Delta

{. Introduction

The City ol Antioch {Antiochy, Tocsted along the San Joaguin River in the western
portion of the Sacramento and San Joaquin River Uelta (Delta), is one of the oldest rowns
in Califormia, Since the 186Us, Antioch has obtained all or part of is freshwater sapply
directly fromy the San Joaguin River. The City, bee position in the weste
Delta, is also eoncerned with the ccologicat health of the Délta and its torg-term viabitity
as w recreationat destination:

As part of the informational proceeding on establishing fow criteria in the Delta, this
document sunvmarizes thie historical salinity and flow conditions near Antioch and
contrasts them with the fargely saline conditions prevailing today. The supporting
document to this sumimary {s a “powerpoint style” document containing text and figures
refevant to the material presented i this summary :

2. Systemic changes have reduced frestovater flows and fncreased safinity in the
western Delta, inchuding at Antioch

Salinity tn the western Delta {Including at Antioeh) is influenced both by nataral factors
including ocean tides and hydrology of the upstremm watersheds, and by artificial factors,
inchiding channelization of the Delta, elimination of tdat marsh, reservoir storage and
release operations, and water diversions,

Major anthropogenic modifications to the Delta that affect salinity intrusion began with
the European settiement of the regfon around 1830 Tida! marsh acreage in the Delia
decreased from over 230,000 aores in the 18705 to less than 30 000 acres in the 19205 and

' Much of the water in the western Delta (iickiding the City's water suppl
River Historically, significant amouns of Sacramento River water flow
of Antioch as Three Mile and Ge aughs. Sacy
fiver iverges with the San Joagum Rive
19275 188 Cal 431 458

Page of 3
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SWRCEB Delta Flow Criteria Informational Proceeding: March 22,2010
FXHIBIT: Written Stmmary: City of Antioch

has since continbed o decredse (COWD 2010, producing significant changes in the
Defta landscape (AW at pg. 7y, For exdmple. deedging of the Delta river channels
create the Stovktan and Sacramento Deep Water SHip Channels afTected the salt ranspont
and disivibution inthe Defta (CCWD 20103 Construction of reservoirs for storage
purposes started T the carly 1900s and the fargest reservoirs of the Central Valley Project
(NP, Lake Shasta) and the Sate Water Project (SWP, Lake Oroville) were completed In
1943 and 1968, respectively (COWD 2010 Total upstream reservoir storage capacity
increased from 1 million sere-feet (MAFY in 1920 (o more than 30 MAF by 1979
(CEWD 2010). Water exports from the Dielta Rave been steadily increasing since the
19505, and the combined annual exports from CVP and SWI* have increased, on average,
from about 0.5 MAFAT I e Tate 19505 1o abiout § MA duving the recent period (At
atpg 83

3. Historical extent of freshwater

Testimony froi the lawsuit filed By the Town of Antioch in 1920 and from various
Literature reports demonstrates thay freshwater {fow salinity conditions) prevaited in the
western Delta i the fate 1800s and carly 1900s,

{n 1920, the Tows of Antioch filed i Imwvsuit ag
that the upstrean diversions werg causing Inere salinity intrasion at Antioch (Town
of Antiocfi [plaintift} v. Williams Treigation Disirict et al. [defendants] (1922, 188 Cal
45133 The estimony from the Antloch lawaul provides o perspective of the salindry
conditions prevailing in the early 1900s,

ainst upstream irvigation districts alteging

A4 Pre1VTR Freshvater was avafluble af dpifoch veo-rond

Testimony fron the defendants fn the Antioch Tiwsuit indicated that in the late 1800s,
water at Antigel wis knowa to'be brackishat high tide during certain time perivds; but
Antioch was able 1o puing freshhwater at fow tide thepughout e vear,owith the possible
exception of the Tall season during one 61 two dry years. Water at Antioeh was fresh at
Tow e at least until around 1913 Lwhén the pumping plints started pumping
continunusty, regardless of tidal stage) (At at pg. 1Y

Testimony from the plaintiff in the Antioch lawsuit indicated that Antioch’s freshwater
supply was obtained divectly from the San Joaquin River {see footnote 1 above) from
ahout 1866 to 1918, first by private water companies and then by the manicipality after
1903 [when the City acquired pre-existing water rights) (At at pg. 12} Plaintitf’s
testimony included salinity meagurements taken at Antoch (1913-1917) that indicated
that prior to 1918, freshwater was available a1t Antioch even during dry years and in the
fall TALE af pr. 123,

Page2 of §
ity of Antioch: Document #5
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Figure -3 - Sensonal Disteibution of low-tide salinity at Antioeh, 19832002
Conclusions

o The window, when Antioch is able o pump water with salinity tess than 1000 uSiom
EC, has substantially narrowed in the'last 125 vewrs

@ Antioch was apparently able to pump fresh water at Tow tide vear-round in the Tate
180075, with the possible exception of the fall season during one or two dey

e During 10 of the 20 yvears between 1983 and 2002, salinity was less than 1,000 nS/em
at low tide for only about eight months of the vear.

»  During the driest 5 years between 1983 and 2002
ouly about four manths per year! e, no fresh water wag ¢
for about eight montlis of the year

salinity was Tess than 1000 uS/enm for
aitable at any tree of the day

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

The appellants in'the Antioch Case, representing the upstreany diveriers, identificd one

regident of Twitchell Tsland who reported the water at Kentueky Landing was brackish on
“one or two otcasions” between 1870 and 1875 during Aupust and September. During this
tine, he had 1o travel up the San Joagquin Riverto Seven Mile Slough ['the eastern Boundiy
of Twitchel Island) and saited as fr as the mouth of the Mokelumne River {approximatel

Y
v 2

nifes further up the San Joaqum River thin the Seven Mile Sfough junction) to obtain fresh
drinking water

For comparison, we look at salluity moniwring dara in that cegion for 1981 and 2002 0 see
the Tocation of potable water ' The source document {Town of Antioch v. Williams
trefpation District, 188 Call 4813 Yor the 18707s drought uses up'to 100 my/lL chloride
sntration as the threshold for a potable water supply. Monitoring data from FIST shows
similar salinity fntrusion as described by the Twitehell [sland resident; satinity alony the San
Soaquin River at Bradford Istand {aboul 1.5 miles upstream of Three Mile Slough excesded
LOO0 180m BC (abour 250 /L -CH durfig August and Seprombier. Puring the same time
period. salfohy Wit around 400 uSiom hout 654 wig/l O approsimately S miles
apstreqnyon the San Joaguin River belween Seven Mile Slough and the Mokelimne River
This comparison fndicates thar die extent of salinity intrusion i FORTIS similar to that which
aceurredin 1870 and 1871

COHY

Simifariy, in Septembier 2002, the salinity in the San Joaguin River at San Andreas Tanding
(fess than 2 miles downstream of the Mokelumne River mouth) peaked a0 977 uS/em BC,
which corresponds to approximately 225 mg/l, chioride concentration Therefbre, i the
abserver wis 1o trave] upriver for potable water in 2002, they would have tikely traveled ap
tor the mouth of the Mokeluaure River as they did'in 1870, Salinity intragion fn coitically dry
vears s even farther fnto the Delta than was found in 2002,

T conelusion, salinity intrasion up the San Joagquin River during the dry years of 1870 and
1871 as deseribed by a Twitchel Istand resident is consistent with salinity intrusion in 1981
and 2007 under similar hydrologieal conditions. There Is no evidence that salinily fntrusion
during the drought of 1870-71 was mors extensive than salinity intrusion during similar

5 in the current salinity regime

water ve

HOTORT it 2002 wers both dry water vears in the'S
snimpaired §
{87E 198 and

251

acramenio River basin 4 defined tn D- 16471 with simifar asnual
dre vears 180 and 1871 Acouat uiimpaived Sacrampnto River flowin 1870,
HEMAF, s T MAT resy ¢

asranento River fTow
7 wis B AMAT,

February 12, 2000
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The defendants appealed to the Supreme Court of the State of California, which
opinion on Mareh 23,1922 The Supréme Court reversed (hr: lower court and wi
injunction, declaring “[iltis evident from all these considerations that to allow an
appropriator of fresh water near the outlet of these tvo rivers to srop diversions abave so o
to maintain sufficient volume in the stream to hold the tide water below his place of dives
and secure him fresh water from the stream ag that point, under the clrcumstanées existir
thiis state, would be extremely unreasonable and unjust to the lwhabitants of the valtevs above
and highty 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 onr aw, which undoubtedly favors in every possible manner the
uge of the waters of the streams Tor the purpdse of frrigating the lands of the state 1o ren
them fertite and productive, and discourages and forhids every kmd ni unAneeessary waste
thereof.” (Town of Antioch v. Williams Iirigation Dis 481Y The Court
concluded that allowing 3,300 eubic feet per second (efsyt nta the Rm 1o provide
less than 1 efs of adequate quality water for the Town of /\ﬂtlm h would constitute
unreasonable use of California’s timited supply of water

wervations ot Antioch, which
at all times fom 1864 w0 Mli(,
Section 3.1)

The court did not base their decision on historical satinity of
indicate thar Antioch was able to divert freshwater at tow
except possibly for some fall months during some dny

E.2.2. Salinity at Antioch - then and now

I the present day, the City of Antioch maintaing @ municipal water intake on the San Joagquin
River at Antioch. As a gengral Upt*r:ftm” rife; the Clty of Antioeh pumps water from the
river when salinity at the intake is less than | (}{10 uSlem EC. Salinity varies substanti
with the tide: m.mmﬂy the greatest salinity is observed near high tide and the fowe
is observed at fow tide. Figure £-2 shows tht saltaity in.the $an Joaquin River al Antoch is
highly variable und s dependent on tidal conditions and seas Figure B-2 indicates that for
water year 2000 (an above-normil water year) the City of Antioch could pump water all day
For about Tour and half months (early Febroary theough mid-June) and could pump fora
portion of the day at low tide for another three and hall months { mid-Juwe thronigh
September). For the remaining four months (Oefober-Jantaryy, water at Antioch’s intakes
exgeeded 1,000 pSiom BC for the entire day, regardless of tidal phase

Testimony from multiple witnesses inthe Antioch Case indicates that fresh watgr was aly
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 Anfioch’s witnesses, the upstream irrigators demonstrated that hrackish
conditions did oceasionalty exist at high tide

10000 .

. Houly Data
2006 : e Dty Average
A-br Low Tidh

8000

700

B0 [lom]

Jarno Apron Juon Geton
Figure £-2 ~ Safinity varistions fn the San Joaguin River st Antech, water year 2000

3 shaws the distribution of fow tide salinity (safinity during the freshest 4 hours of
each davy for the period of May 1, 1983 through Septermiber 30, 2002.% These data indicate
thiat, onaverage (in 50% of the water years), Tow tide salinity exceeds 1,000 pS/om £
Lte- A ugust Uratioh December, The ddra in Figure F23 provide contiext for the qualitative
obsarvations from the Antioch Case. During the driest 25% of the years {5 out of 20 yeus),
tenv tide salinity exceeds 1.000 1 FC from June through Jantary, leaving the Antioch
ntake with no fresh water for eight mionths of the vear

Under average conditions corresponding to the period !Q‘%J(U? A minch veuild have o
stop pumping from fate August to Tate December in 10 of the 20 years; e, they would fyve
an average of gight months of fow-tide pumping peryear, ¢ umparo(i w the pre- 19135 average
of tivelve months per year (based on the anecdotal fnformation fled by the Appeliants
Capsirean diverters) i the Anfioch Case}

Y Datd Sourcd Interagendy Boologicst Propeany, HEC-DSS Time-Seiies Databases tom REANOOT  Agenoy
DWR-ESO-DIISSC. Measurentent: Phour BO Timie Range May 1, 1983 thirough Seprewber 30, 2007
Fel February 12,2010
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Figure £-1 - Observed salinity at Collhusville, 10652008

Under current management conditions, the monthly aver
Adgust through October §s only less than 1000 pS/em BC (the interpretation of the “sweet™
threshold for deinking water) when the dnimpaired runeff s grenter thart about 20 2
MAF/yr (Figure B-1) This suggests eithér thie “sweet™ threshold used in this report s oo
small, or salinity at Collingvitle is Bigher today than i0was in the Tate 18th and early 19th
certurios

e satinity at Collinaville from

1F the definition of the “sweel™ threshold is changed to 1300 08fam EC and the post
vears { 1H04-2005) are excludad, then the moathlv-aversged salinity at Collingvitle duy
August-Octobier is “fresh™ (Tess than 1,300 1S/cm EC) when runolT is greater than 16

MAFyr. This corresponds better to the anecdots! observations, discussed above, but

suygests a recent increase Tn salinity ol Collineville diring moderately wet v
between 14 ond 76 MAT/yr) In 5 of the 17 post-BESA vears {1997, 1999, 2000
26043, the water at Collinsville in October would not Be considerad “sweet” even under the
relaxed criterion of 1300 p¥/cm BC, sungesting that Cotober salinfty onder presént
conditions could be grenter tan {twas In 1811

E.1.2. Brackish Conditions

vecific about

The qualitative observations of high salinity fntrusion in Table B 1 are'less s
focation, However, somi of these observations ha
in TBE, 1998 Fox, 1987h) to indicute infrusion as farapstream ds Rio Vista, The drought
periods of 1976-1977 and 1987-1992 are similar to these periods when these qualitative

Fehruary 12, 2010 ok

v {avith runoft

been interpreted by others (Cook, 1960,

observations were made. During 1976- 1977 daily average salinity ot Rio Viss exceeded
1000 pSrem for approximartely six months ofthe year. During 1987- 1992 sulimity
Wistaoar high tide offen exceeded 2,000 nS/om, particudarty during the falt
with the anecdotal observations made in 1796 and 1841, which report salt water ¢
it the western Dielta

Sunimyavy: [nterpretation of the above observations i the context of the reconstruatéd
Sacramento River flows Shows that the Delta is generally saltier than the historical levels for
equivalent runoff conditions and does not support e hypothiests that the présent-day Deltais
managed asw freshwater systen i cormparison with its historical safinity regiime. Morcover,
this analysis indicates that salinity In the western Delta bas increased during September and
Ceroler in the recent vears (post-1994 period)

EZ Observations from early settlers in the Western Delfa

Observations from earfy seftiersinthe western Delta provide a more compleie description of
salinity in the Tate 18007s and early 190075 tha the ohservations from early explorers
discussed earlier. Assuming the eatly settfers inhabited a particular region for Tonger time
periods thin the early explorérs, observations from the carly settlers capture the emporal

variabiiity befter than those from the eaify exploters

E.2.1.  Town of Antioch Injunction on Upstream Diverters

1 1920, the Town of Antoch filed a Iawsuit against upstream irrigation districts alleging that
the upstream diversions were causing ncreased salinity intrusion at-Antioch: The count
decision, legal briefings, and petitions provide satinity gbservations from a varjety of
witiesses. Althoteh aneedatal testimony suntmarized in thése legal briefs i far from
scientific evidence, it provides o perspeetive of the satinity conditinns prévailing i the early
1900°s. Beeause the proceedings were adversarial in nature, this report focuses on the
estimony of the upstreaim inferests, who were trving fo demonstrate that salinity intrasion
was common near Antioch prior to teir diverting water (prior to 19201 Consequently, the
testimony may be biased in support of this “more saline™ argument. Nonetheless, these
snecdotal testimonies indicate that the western Delta was tess salty fo the past than itis
roday. Analyses of some of the westimonies aré presented below

Case History

On Juty 2, 1920, the Town of Antioch filed suit in the Superior Court of the State of
California (hereinafier referred to as the “Antioch Case™) against upstream diverters on the
Sacramento River and Yoba River, A hearing Tor a temporary injunction bepan on July 26,
1920, g fasted approximately three months. On January 7, 1921, ludge AL F. 3t Sure
inted a termporary infunction, restraining the defendants “from diverting <o niuch water
fom the said Sacramento Riverand its ributaries, to non-riparian fands, that the amount of
water flowing past the Clty of Satcrimento, in the County of Sacramento. State of California,
shall be fess thai 3500 cubic Feet pérsecond™{ Town of Antioch v, Williams rrigation
District, Supplément to Appellants” Opening Brief, p 131

February 12,2010
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Appendix E. Qualitative Salinity Observations

The eartiest writfen accounts of explorers were often gongerved with adequate drinking
water, and salinity was generatly desceibed in qualitative rerms, such as “brackish,™

or "sweel.” For the purposes of comparing the present-day water quality with the Ristorion!
conditions, these qualitative ohservations need 1w be quantified

Tegtimony from Antioch Case (Town of Antioch v, Williams Trrigation District, 188 ¢
$5 1Y indicated early settfers required water with Tess then 100 mg'L m"&ﬁ[(‘md;
{approximately 523 uS/cm EC) for monicipal use.” Similarly W L1031 indicated that a
“noticeable” level of salinity was 100 mg/L chloride. The current «wundm}’ water quality
standard for municipal and industvial uSe 5 230 myg/l chloride (1,000 uS7em ECHSWROB
2006: LS EPA 2003). This report assumes a vatue of 250 ing/L chloride {equivident to 1000
pS7em BCY to be the demarention between ™ fresh™ for “sweal™) water and “brackish™ water.

E.1. Observations from Early Explorers

Table E-1 summarizes some reported observations of water quality made by ¢a
and settiers. These observationy were qualitative’and were most Tike! yonly ag
ambient conditions and may not completely represent trug historical sater qual
Moredver, these observatiang were from a time period when anthrop
region were mimimal and this reglon was close to naturgl conditions

v explorer
mpsc of the
conditions

it
nic effects on this

Table F-1 also lists the reconstructed Sacramento River annual flow (VAT from Meko or of
(2001D) for the year of observation and for the pm\'imm year, For ru&mncc the avernge
Sacramento River flow from Meko of o (23D for the perind 1860.1877 s 18 MAF

Table E-1 — Gualitative saltnity observations from early exploress

Year f
Date f.ocation Drescription | Recoustructed Observer Reference
Tlow IMAY]
775 near the sweet, the 1774 Cantzres Brfton. 1987
August Sacramiento- | same asina 1775/ in Foy,
San Joaquin | lake 19870
confluence
1776 near Antioeh 1 vary elenr, 17757049 Fant Britton, 1987
April (San Joaquin | fresh, sweet, 11776/ 9 in Fox,
River) and wood 1G87h
1776 yicar the sweet V775019 Cantzargs Britton, 1987
September | Sacramento- N in Fox,
San Juaquin 19870
confluence
Supplement to Respondent’s Answering Brief p 10
Folwupey 13,2010 . Bt

Year/

Diate Location Description | Reconstructed Observer Reference
Flow IMAF]

{796 ko salinity 1793576 Hermengildo | Cook, 1960
wfar 1796 7 10 Sal i TRI, 1998
upstream’™ at
Tigh tide

1814 near the gwiest 18107149 Akl Britton, 1987

October Sacramento- 1811723 i Fox,

San Jonquin 1987h
confluence

1841 Three Mile brackish 18407 16 Witkes Britton, 1987

Avgust Stough north | (undrinkabde) | 1841 in Foy 1987h

of Emmaton
E41. Fresh Conditions

Table E-

I inditates that some early ex
e Sacramento ad San Joaguin Rivers
October of 1811, reconstructed runoff about 19 MAF/
(September of 1776, reconstructed runoff about 9 MAF/yr)
swhether these observarions were made al

plorers obscrved “sweet”
hoth in refat

water near the conflaénce of
vely wit years (August of 1775 and
)xnd in relatvely dry years

;7). Exeept as noted, it is unknown
Chigh tideor low tide

In order to provide a contest Tor these ancedotal observations, preseni-day observed monthly

satinity
Joaguin Rivers) are pi

" conditions at Collinsville (lovated near the confluence of Sacramento and San
avainst wiimpatred anmual Sacramenta River fow in Prgure B-1,

The observed data are monthly-averaged satinity (pSiem) during August-October for the

periad 1965-2005. The daty for ¢

ears { 1994-2005) are shown as shaded

cireles Note that the anecdotal observations in Table -1 arg likely “oné-time™ observations,

while those shown in Figure B-1 are average monthly values

February 12, 2010
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EhiEEH
B S A
L W PRI RARTEUR RS
5
EREEY &

i
Ry pt
@ w o
it o e g
B0 g
so0n &
] s @
# B
5 A .
b
= o
. - # W
A I AR O R T 1 B AR IR S R TR S 1
Fotal Sawramantes Hosys Rignstd (88459
ifte Safinity in the Fall
Fan
*®
i ]
LS 4
L
W
st @
® @
s .
st
o 4
# L]
Ef P -
e
= % " -
:v 2
#
5 Pouw
24 EORSER IS TR 1
YRYE
in the Fall
Ay

® P Ny
- T EIR NG

L doeenhy

“
FOE
4 ]
T i
E oo w o
T yam %
s VA @ g ar &
L A
Vi »
2 # *
s 5 ®
N = o B ¥ e Yee¥  a

DA 6 ROWUED PR Gn IN20 00 31T MR WM W W
ot} Sieratents Biss Hanoll (3 47

Figure D-18 Post-ESA salintty In the Zuisan Bay smd western Delia

Figure D-19 shows the observed salinity at Chipps Island diiring the Tall {October-December)
for the perfod of 1976- 1992 (pre-ESAY gnd 19932005 {past- ESAY. Fall salinity ar Chipps

tstand during normal years is now comparable 1 all satinity during dry and eritical vears
prior to 1994

2 ok Average Octaber, November, and December
2006

19761993
1993-2005

o0
— K00
.
=000

4000

2000

0 :
Dy & Critical Normal Wet —
Figure =19 ~ Increase in Falt Salinity at Chippy Istand
D.4, General conceptual overview of salinity changes

Observed changes in seasounl salinity with time

The salinity vegime fn the western Delta has changed as the fevel of development has
increased and water project operations have changed due to regutatory requirements. The
comparison of three decades with simitar hydratogy i Figure D-20 presents a conceptual
itfustrtion of the changing salinity regiime in Siisun Bay and the western Deltd.

Monthiy-averaged salinity forthe spring and summérwas substantially greater from 1966
through 1973 than during e earty 19007, However, fall and eaily winter salinity was Tower
than theearty 19007s. This veduction in salinity tnthe fall and carly winter was Hkely due in
gart 1o CVP and SWP reservolr releases Tor tTood contral purposes in the fatl, which
freshened the Delin, Flood control releases during this perlod wete large bectuse OVP and
SWP diversions and exports were not fully developed and upstroany reservoits wire often
above flood vontrol maximum storage fevels in the fali, eitering the wet season,

Salinity during 1993 through 200
during all months, for vearg s

however, exceeded the salinities iy the carly 1900
siimilar hydrotogic conditions. The dramatic increase in fall

24 Pebruary 12,2010
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The effiects of water management on salinity at Collinsville are hi
which shows the estiméated safinity under actual historieal conditfons as 1 percent change
from the unimpaired conditions. The data in Figure D-16 are the change in G-maodel
estimates of salinity at Collinsville for the period of 19562003, computed as the difference
botween actual and unimpaired salinity as @ percent change from the wiimpaired safinjy
Positive values indicate an inerehse in salinity under actual conditions and negative values
indicate a decrease in salinity (frestiening)

sted {n Figure D14,

From April through August, estimated median salinity under actual historical condifions fs
substantially greater (more than a 100% increase) than median satinity under unimpaired
conditions (Figure D18, For the remainder of the year, there are no substaniial differences
between the estimates of median salinity under unimpatred and actual conditions. These
distributions of estimated salinity indicate that water management practices result in
significant inerease in salinity throughout the yvear at Collingville

1500

o B

inraires

1

1000:

Wistorital FE -

e

S0

L4

Cipbeint 1

Pasrent Chanee { Ag

T Mov Dec Jen Feb Mar Apr M Ang Sep
Figure D-16 — Estimated changein salinity at Collingville under actual historieat
conditions, as a percent change from unimpaived conditions, 1956-2003

Figure - 17 shows the estimated satinities st Collinsville under aotual historical and
unimpaired conditions Tor just the more recent years (1994-20031 Positive values again
indicate an increase o salinity under actual conditions and negative values indicate a
decrease in salinity. The ef ol water management on talt salinity are greater during
recent period 1994-2003 than during the longer period {1956-2003) bat the effects durin
vecent period in the spring and carly summer are small :

this

g the

This response reflects
implementation of the X2 regulatory requitements agreed-upon in the 1994 Bay-Delta
Accord and regulated by the subsequent 1995 Water Quality Controt Plan

Febouary 12, 2010 324
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Figure D-17 - Estinared change o satinity at Cotlinsvilic ander actuad historical
conditions, as'n pereent change frowm unimpaived conditions, 19942003

.33, Fall Salinity in the Western Delta

rure D18 shows the average fall salinity {October-Decémber) at three stations in Suisun
Say and the western Delta (Chipps Istand, Collinsville, and Jersey Point), The fall satinity
data categorized according o the pre-ndangered Species Act (ESA) period ol 1964-1992
and the post-ESA period {1993-20061". Figure D-18 illustrates that there has been a
noticeable incréuse o fall salintty since the release of the TSA biologital opinions for winter-
v sabmton and Delta smédt i 1993, These increases ovcur during sormal water years, when
total annual runofT ranges from 150 JOMATY, During very wet vears, there are farge Delta
outflowws and the ESA Himits do notaffect water operations. Simiiarly, during very dry vears,
the hiological opinions do not have a Targe effect on water opérations because upstream
reservair storage 15 Jow anid exports fronythe sowth Delia are already smalt

P 1003 detta smelt and wimer-tun salmon were Beed under the Calitornia ESA L irigpering new water
EREEL

went reaslations
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3. Temporal Variability of Salinity in the Western Delta

.31, Seasonal Salinity at Collinsville

Collinsville, near the confluence of the Saeramento and Sar Joaquin Rivers, was one of the
first long-term sampling locations implemented by the State of California. The Sufsun Marsh
Branch’ of the DWR estimated monthly average safini v at Coltmsyille for the period 1920
2002, using a combination of 4-day TDS (1otal dissolved solids) grab samples {fom 1920-
19771 and EC measurements from 1966-2002, Data from the ovedap period 6F 5 vears
between the TS grab samples and BC measurements were used Tn a statistical re
modgl, and the monthly averaged deday TDS sawple
(Enright, 2004, The result of this
values at Collinsville for the period of |

fon
converted to monthly average BC
was a time series of onthiy EC

10 L

- v i Payp L T
E . . ;\v{‘rzigc Winter {Jan-3ar) Salinify
2 ;
(23 B 0
B I
P ; ;
E S
= i ; ;
RPN TR © e
1o :

Salinae {rmS/em)

v Lm/om)

18

Salin

1930 ] ]
Figure D-14 ~ Average Seasonal Salinity at Collinsville

d{?lb

! Pata provided by Chris B

b (DWR persoaal commumication

Tebruary §2, 2040 1314

D.3.2. Effects of Water Management on Salinity at Collinsville

1o order to compare the effccts of water management on salinity at Collinsville, an empivical
model of salinity transport (Demon (1993, Denton and Sultivan (19931 was used in the
follonwving analvses. Contra Costa Water Diistrict™s salinity-outflow mode! talso known as the
Canodel) estimates salinity in the western Dielta as o fonction of NDO. Estimates of salinity
at Collingville weve derived Tor Both adtuat historicat fow £1930-2008) and unimpaired flow
(19222003 conditions

Figure D~ 13 shows the estimated monthlv-averaged salinity at Cotlinsville under unimpaired
and actual histovical flow conditions. The predicted seasonal and annual variations of EC at
Coltinsvilleare dependent on corresponding variations of NDO under both animpaired and
actual flow conditions, Water management practices have a sigrificant efféct on the Seasonal
variability of salinjty at Collinsvilte, particularly during dry years (19307, 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 untmpaived NDO
HRUYE P

om)

ué Ay T ST . s ; :
K n Tl B * o o B iy
= et s e [ ot fom o [t 1
Z thy BC based oreporaal Ristorieal NDO

v \ . :

R ciy . :

‘tf FHEN

x:”' Ny

it

ar HEEIR = - - -

o . S s e SRR S S

E - - : . ?

5 5] ) o W 146 ) [

b to) actual BC - unimpaired EC

e pay R
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g ERRHY %

':5:' Eit
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£

W‘?t" l“}’«m el 19541 4% 1Rl PR i

Figure D-15 - Fstimates of Collinsvitle salinity using the G-modet for
animpaired and actuat historieal flow conditions

Higtorical (actual) NDO duw the 193075 was relatively fow, sometimes averaging about -
1000 efs far several mondhs under actual conditions. The low values of NDO resultin the
high variability of estivated salinity in the 19307s under actual historical conditions
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LYSTIUI3Y



T

Hrasis

(5%

T Te sKhenw
,c ;m TG
ler

(g 13 e i
P mden,

TAPLOH ST I AR
Eatratptn ettty

sy

HISTORICAL SALINITY INCURSION
2320~ 1960

Figure D-12 — Salinity tntrusion during 1920-1960 (DWR, 1960}

Pebroary 12

317

Figure D13 iftustrates the maximum annual salinity intrusion for comparable dry
Water vear 1913 expe rienced the Teast gxtent of intrusion, most Hikely becadse apstream
diversions were significantly less than {n later veare, Water years 1996 and 1937 were
subject to exfensive upstrean agricultural diversions. while water years 1979 aud 2007 had
the benefit of the CVE and SWP 1o provide “salinity control™ The CVP and SWP operations
now regufate the amount of freshwater flowing through the Delta in order to prevent extreme
salinity intrusions such as those observed during the 19207s and 1930
\

Safinity intragion duving 1917 is estimvated
based on the location of peak salinity
ntrasion of S0 py/L water as obseived by
C&H (approximatély 40 wiles upstream of
Crocketron the Ban foaguin Rivery, Te
deterhiine the corresponding Tocation of
wateywith 1000 mp#l, chiorides, o
refationship was forined based on
maniforing data from 1965 16 2005

Figure D-13 -~ Annual Maximum Sdhmty Intrusion for re Ahveh dr
\»rlmm istrpsion For refarpie ¢ Wit similon foted conied voimpaied rmm/ nsing
O g b corid coteomyedion gy distingnisl the evient of tirinn,

51 for comparison: total unimpatred

32, 1979, and 2007 way 15 9 MAF,
:F witer ear tepé driddex Tor water
pectively; and San Joaguin River
36T and TN regpectively

L T98 MAF I8 MAF. and 18T MAF, rcspcc;(i\‘cly
$ JOTT 1076 O 1O and 2007 was 624578 S 48 667, and 6 35,
wates yearvpe indes for water yeary 1913 1079, and 007 was 7 3 R0 3.4
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for irrigation and storage on the Sacramento and San Joequin River

D22, Maximum Annual Salinity Intrusion Before and After Large- systems. reducing the inflow naturally available 1o the delta. s probable
scale Reservoir Construction that the degree of salinity {n the ower channels of the delia and the extemt

of saline invasion above the confluence of the Sacramento and San
CVP period), prior to J(}aqufn fivers have been about doubded by reason of the second factor.™
(DPW, 1931, page 47y

Figure D+ 18 shows maximum salinity intrusion during 19211943 (pr
the completion of the Shusta Dam of the Cemm! Val siect in 1
presented in terms of contours o TO00 mg/, igive D
salinity intrusion during the post-CVP pumd of I‘)»H
CVP period experienced greater salinity intrusion tn’m 'hc DS
infruding fariher into the Delta during 6 of the 24 pr
1934, and 1939) than in any of the 47 vears in the posi-C

Satinity fntrusion is
P11 shows the pmsimum
¢ figures fndicate the pre-
» pcriwd with SERWRIET

Conclustons from OPW (193 1) and simifar fvestigations have been corrobomted by
paleosatinty studies (see Section 2,33, which indicate that Browns Bland In the western Ditta
was @ freshwater. marsh for dpproximately 2500 years until salinity intruded in the early. 20%
Century

The dxtreme saltnity intruston during the pre
runoff during these vears, Meko o7 ci/. {2001y dete
1936 was the driest 20-year period in this past 400 ye
16 of the 24 vears in the pre-CVP period. Tn addition, ¢s
the Sacramente River {obtained from hupfedec water ca iodir"\;\f“x‘ THIST)
indicate that the Sacramento River had 6 critical water vears during the 24-year period of
1920-1943, whereas, the Sacramento River had anly 4 eritical water years dumw he 47-vear
period of 19441990

CVE perfod was due, in part, to refatively low
vined 157'« the | 'nd from I‘?!'z’ through

{

Figure D-12 shows that the peak satinity intrusion duri ¢ pre-CVP perfod occurred
betwean mid-A ugust and mid-September, while peak salisiy Mitrusion during the firsy
portion of the the post-CVYP period (1944 19607 oocurred betiveen fate-July and late-August
Salinity intrusion cilumg the pre-CVI periad swas not onty affected by uﬂm\d} Torwy roncft,
but also by extensive opstream diversions (DPW, 1931,

The salinity invistigations of the pre-CVE era found thar the extreme satinity fntrusion was
larger than any proviobs ntrusions known 1o Tooa! residents and conchuded the tnigion was
due, in part, to the eXtensive upstream diversions. As obiserved in DPW (1931

“Under conditions of natural steeam Gow before upstream irrigation and
storage developments octurred, the extent of saline favasion ard the
degree of salinity reached was puch smaller thae during the last ten o
fifteen vears " (DPW_ 1931, poge 19)

“Beginning n 1917, there Tas been an afmost wibroken succession of
subnormml venrs of precipiiation and stream flow which, in combinasion
with increased freigation and storage diversians from the upper
Sacramento and Sar Joaquin River systems, has restlted in o degree aud
extent of saline mvasion greater than s soeurred ever before as Tar 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 tor first, subnormal
precipitation and run-of T with o subnormal amount of stream flow
naturally available to the delta, and second, increased upstrean diversions

February 12, 2040 SN [AE February 12, 2010

LYSZoYID3Y



Setected Dry Years

Figure D-& shows that the most visible difference between the distance 10 fresh water in ¢
years of the earty 190075 and move resent dry 3 5 the substantial increase in distance o
fresh water, particularly from April through June This indicates the spring was much fresher
during the dry years of the early 19007%, before targ stream reservairs svere built to
capture the spring runoff Tn dry and below-normal water vears under today"s conditions,
barges would have to travel Tarfher during spring. summier and fall than they traveled in the
carly 20th Century

The C&U barge travel distimce in the dry years of 1913 and 1918 are quite differsnt,
especially the additional 10 miles of distance to fresh waer 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 satinity on
the Sacramento River near Rio Vista fn similar water years, This may be partially explained
by the development of the rige cultivation industry around 1912 (DPW, 1931) and Increased
upstream diversions when seasonal dver flows were already Tow

Distmnee o Freshuater - Div/BN Years

S0 mgl. chlorides

rockett] to

§
‘ 0
'
’
v

b 1012 (41 MAT Y O1H :
P8 (1 MAF S C&H ; :
PO {14 MAF ) Monitoring Das :
e SO0 TS MAT ) Monitoring Date : :

Distance [miles above

, : ; N R
())c! Nov  Dee dan Febo Mar Apr May dun Jul Augg Sep  Ouo

% During August and September 1918, average water quality oblained by C&H
exceeded E10 mp/t. chlorides
Figure D-8 - Bistance to Fresh water in Selevt Dry oy Below Normad Yours

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

Fehrary 12, 7010 -1t

b

dorguy Pniot

i Méwby Locadon

0 uSem EC (about 50 my/l. ciforidesy, Tncontrast, from 19952006, DSM? simulations
1ggest that barges would have to travel sbove the confluence approximately 56% of the time

54
B

1o rench water with salinity ol 350 pSiem I

The Tocation of the SO mg/t. chioride fsohaling during 1908-1917 approxtmately corresponds
to the Tocation of X2{2.640 uSiem EC, or 700 ing/L. chiorides) during 19952006 (Figure
D93, This is eqaivalent to wore than 8 7-fold fncrease iy salinity fron the carly 190075 10 e
present day.

Spatial Variability in Salinlty - Sacramanto River

100

50 mo/L, o B <~ 360 1S/cm (19081917, C&H)
a5 10 2006 EC= 350 uSrem (1985-2006, DSM2)
= 1,000 uSlem {1995-2008, DEM?)
EC = 2,640 uSfom (1995-2008 DSM2)
CEC = 5,000 (¢Slem (1995-2006, DSMZ)

Ele)

BO

0

5(1~

40 30
1908 (o

1093 16 7006

Fercent Excaedance

30

20 *

o 10 "o 3 40 50 )
Milestupstream of Crockett

Tocation of the Confluence of the
Saoramento and San Joagquin Rivers

Figure D9 - Distance atong the Sacramento River to Specific Salinity Values
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Results and Discussion

Seleered Wet Years

As shown in Figure D=7, the salinity patterns during the two selected C&Heern wet years,
P L and 1916, are similar to each other. During these wet years; the location of 50 mg/L
chivride warer is west of Martinez for aboot 4-3 monihs ¢late February 1o early August in
1971 and from early February 1o Tate-June in 1916) In cortrast, during recent wet years
1969 and 1998, water witl 50 my/L chloritdes or Tess was west of Martinez for only abowt 6
weeky in Pefwuary and March, This comparison shoivs that in 1969 and 1998 the western
Uietta wan sattier m the @2l and spring than i vas fn 1911 and 1916, and salinity intrusion
ovcurred much earfier in 1969 and 1998

I barges were stilt traveling up the Sacramento River today 1o find fresh water, they would
have to travel farther during the fall, spring. and summer than the C&H barges traveled
during sivnifar wet years. In 1916. frash water retrented upstream abiout one month eartier
than in 1911, possibly influenced by the increasing upstream diversions during 1911-1916
{see re 1-3) nt years with even greater unimpaired nmofT, fresh water retreats
tover 1o three months eartier thanin 1916 Additionally, fresh water reaches Martinez for a
ek shortéy pericd of time, about fess than one month in recent years compared 1o four and
five months during 1916 and 1911 respeetively,

Distence to Froshwater - Wit Years

% A oo
E- o I .
Z Saltier conditions s §OT{ (26 MAF 3 CR
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Figure -7 - Distance to Fresh Water in Scleet Wet Years
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In 1919, a wetter year than 1918, salinity was high foran even longer period of time, 0
fikely due to increased upstream diversions Tor ierigation. Salinity exceeded 60 ¢
chloride during July, August, and September. Beginning in 1920, C&H abandoned the
Sacramento and San Joaquin Rivers during the summer and {51! scasons. replacing
supply with-g contract from Marin County, However, even during the driest ves
19207, C&H obtained water with fess than 30 mp/t. chloride below the confluence of the

Sacramento and San foaquin Rivers during a portion of every v

Salinity observations from the Ynteragency Eeologion! Program (1£P): Lomg
moniforing ot electrical conductivity (EC) at multiple stations within the Bay and Delta
began arowsd 1964, Publicly-available diily-averaged dats were obipined Toi this ar
from the Interagency Feological Program (15D dats vdalts (Table 125

e

Table D-3 ~ Overview of Tong-term salinity observation records from TEP

fowe futpr wwwr Rop o e )

Loceation Stution Swurce D
Setby ISGS-BAY Historical
Martingz Real-time
Renieia B URBR-CVO Historivat

Port Chicago USBR-CVD Historical
Mallard CDEC Real-time
Pittshurg USBR-CVG Fistorical
Collingville LSBR-CVO Historical
Pmmaton LISBR-OVO Historical
Rip Vista USBR-CVO Historical

DWR-ESO-D4850 Historical

Historicat

Georgiana Stoogh RSATIZE
SURFWATER
V) Hisrorival

Greens Landing REACIZY

Autioch RSANGOS 3 Histarieal
Jersey Pont REANOTS i Historical
Bradtord Point RSANDN4 VERR-CVO Historieal
San Andreas Landing REANOG2 ISHR-OVO 1Hstorica!

Drefta Stmulation Model (DSM2) Historical Stmolation: The TISME historical
simulation £ 1989-2006) was used to provide estimates of water quality to complament the
Timited fiekd data from 1EP. Because DSM2 has a very detailed spatial computational
nehwork covering the Delti and Suisun Bay, DS san output much more detaited spatial
and temporal safinity information than fust the sater guality at the TEP miondtering stations
DSM2 resalts inctude the dally-aver T at each model node along the Jower Sacramento
and San Joaquin Rivers. The tecation of the 350 uS/em EC isohaline (vorresponding to SO
me/L. ehioride) was identified rom the DSMZ results and compared swith the equivalent
C&HM and 1EP data

D8

¥
o

Anatvsiv time frame: The first decadé of C&H barge travel (1908-1917) was a retatively
wet period compared to the entire period of vecord {1906-20061 (Figure 163, To compare
conditiony wwder stnilar hedvotogical condittons, specific recent decades (Figure D-6{1)) and
setect recent vears (Figure D600y were selected that have compaeible or stightly weuer
hydrotogy than the C&H vears. The piviods 1966+ 1975 and 1995-2004 have sindilar gonual
unimpaired Sacramento River flow to the T&H dati period (190819177 {see Figure D-6fa))
In addition. two wet vears (11T and 19167 and o dry vears (1913 and 1918y selected from
the C&H tme perfod were compared with tive wet vears (1969 and 1998 and twe dey years
(1968 and 2007} from the 1EP record

Limitations of the analysie The C&H data apprivximately represent the maxinnun daily
salinity at n givern location - whereas recent conditions (TEP or DDSMY datal are reprosented by
the daihy-iveraged salivity, The estintdtes of the digtance that must be traveled 10 réach fresh
water under current conditions are, ther¢fore, underestimated

fi addition, the C&H barges traveled up the San Joaquin River from 1908 through 1917, ver
the equivalent travel distance for C&H barges under cutrent conditions are estimated for the
Sacramento River, and not the Saw Joaquin River, Under present-day conditions, the
upstream distance to fresh water on the San Joaquin River s greater than for the Sacramento
Fiver, so this approach will also serve to anderestimate the actual distance thar C&H barges
would have to travet under present-day conditions

Febraary 12, 2000
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Figure D-4 — C&H Barge Travel Routes Figwre D=5~ C&H Barge Travel and Quality of Water obtuained
Sap adopred from DPIF (1031} Bed circley indicate ications of Jrdmorio, with & freomn R hage tavel gy the San fodwparv Rivey {1908 ol 9IS, s panel) ad Sacramenns Rives
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From 1908 through 1917, C&H was alvle to obtain water with fess than 50 my/L chlonides
within 30 miffes of Crockett on average (helow Jersoy Point on the San Joaquin River) b
1918, the salinity of the water obtained by C&H barges had increased due toa combination
of # fack of precipitation and upstream diversions [especially for newly introduced rice
cultivation) (DPW, 1931 During Augustand September 1918, salinity exceeded 60 mg/L,
chioride, and the C&H barges traveled farther upstream than any time previously recorded.

February 12, 3010 {5 [a % February 172010
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Thehigh fide maximuny, low tde minimum, od daily-averaged satinity ata given location
are very different. A shown in Figure -2, the daily maximum salinity i the San Joaquin
River at Antioch can be double the daitv-averaged salinity. Because of the large tidal
variabifity tn salinity, any comparisons of salinity observations should be at the same phase
of the tide, orat Teast take into account tidal variability.

Simitarly, as shown in Figuee D23, the daily maxionnny salinity in e Sacramento River at
Rig Vista can b 170-400% of the daily avernge salinity. The dafly minimum at Rio Vista
migy B¢ 10-65% of the daily average

D.2. Variations in the Spatial Salinity Distribution

Oibservations exanthmed i this section and S
from the Californis & Hawaiian Sugar Refining Corporation in Crockett (C&HY and the
tong-tevm monitoring data from the Tnterageney T ical Program {1EP), imates of
salinity a specitic locations of interest were obtained from DWR's DSM2 model and Contra
Costa Water District’s salininv-outflow model (alse known as the Gomode!) (Denton, 19933
Fstivates of salinity murosion were ebtained using the KM equation {Kimmerer and
Monigmith, 1997)

setion 3.3 include records froi the garly 19007

02,1, Distance to Freshwater from Crockett

The Califrnia & Hawaifan Sugar Refining Corporation in Crockett {C&H) obtaihed s
frestvater supply Trom barges traveling up the Sacramento and San Joaguin Rivers,
geneeally twice a day beginning o 1905 through 1929 or tater {DPW 1931, The salindty
information recorded by C&HM 15 the most detaited saliity record available prior to the
inteagive salinity mﬁmtmumhx the Stite of California, which started in 1930, This seetion
presents a comparison of the salinity observations of C&H with reeent monitoring data and
odeliing resulfs w'deternting how the managed satinity regime of the fate 207 Contary
compares 1 the salinfty regime of the early 19007,

Prata Sources and Methods

C&H datar. C&H operations required water with less than 50 mg/l, chiloride concentration
According to DPW (1931}, the C&H barges (ypically traveled up the river on floed tide and
returned downstrean on ebb tide Since the maximum daily salinity for a given location in
the river channel typically occurs about one fo-two hours after high stack 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, (mzf mn\‘imum dismnce traveled
by C&H barpes‘ard shown in Figure D=4 and Figwre D-5! ,
manthly averages of the C&H dafly maximum distances were c\imcmd imm P wurc -3 for
the periad of T908- 1918 (after 1917, extensive salinfty intrusion was reported ﬁnd
agricultural diversions reportedly started affecting flows into the Deltal.

February 17, 1010
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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 o the

Sufsun Bay {ealled net Delia outflow or NDOY and salindty m the westors Delts were
discussed using available observations and a suite of cammonty used modethng waks, This
section presents additional information on the historieal variations of NIO and salinity
western Delta and Suisun Bay discussed in Section 3

D.1. Introduction

D14, Salinity Units

Salinity iy specified in this report either as electrieal conduetivity {EC, in units of
micro$iemens per centimeter, of gSiemy or as a concentration of chloride iy water (in units
of milligrams of chioride per firer o water, or mp/Ly Conversion between BC and chloride
concentration is accomplishett asing Site-specific empivical relationships developed by
Kamyar Guivetchi (DWR, 1986). Table D-1 preseits a sample of typical EC concentrations
and their approximate equivatent chloride concentrations

Table D-1 - Typical electrical condyctivity (ECY and equivatent chilorvide concentrition

Elecirical _——

Conductivity Chloride !
(nS/em) (mg/ly)

i 358 50

525 100

1 050 250

1,900 SO0

2.640 700

3,600 1.000

and “prackish” are often used o desoribe refative salinity
The quantitative thresholds of average chloride concentration that distinguish fresh water
from brackish water and the averaging time perfod vary amony studies. Forinstance,
chioride concentrations of 1,000 mp/L.. 700 mg/L and 50 myg/l have been used by different
stucdies (Table D-2)

Qualitative terms such as “fresh’

D12, Temporal and Spatial Variability of Salinity

The wadn varighility (v satinity slong the lenuth of the Bay-Tiells svstom is due 1o the
gradient from saline Pacific Ocean water (EC of approximately 50000 pSfom) to fresh water
of the Central Valley vivers (EC of approximately 100 pS/om). However, the salinity in the
Bay-Celta varies both in spacednd time, 1t {8 impoitant to olarity which time scales and
measureiient Tocations are being vsed when comparing and discussing salinity trends

Table D-2 - Metrics used fo distinguish between “Tresh™ and “brackish™ water

. L. SBalinity Value
Sample timing or Cliloside
x {1y i "

svernging S (uSle
° (mg/L. EC (pS/em)

Deseription

Isohafines in Delty Arnual makiingm of
Atlas (DWR, 1995y the daily maximum
X2 position {Fassby | Daily average

£O00 g/t | 3700 pSlem

FOwml 3680 pSem

et al,, 1995) tora td-tay average)

Tarve travel b Monthly averdge of o o s
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conditions from the 19207 trough the 19307 in the reconstructed precipitation record are
consistent With the annaal unimpaired Srevamento River flow réconstruction from Meko o7
ol {2000 presented in Seetion 2.1,
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Figure B-1 ~ Reconstructed annual precipitation, 167519758
P frimn Clrogantich (19875 Procipiaion indey i presensed iy mirs of stendeed devianon from the
TNVG-JOTF shiservend vean vadue

Estimates of mmunl precipitation (Graumlich, 19877 and unimpaired runoft (Meko
2001a) from tree ring analysis are used tn this study to provide | xdroi()g’c;ﬂ Context
indicating the relative hydrofogy (e.g. wet or dry) of a spec

The reconstructed hydrological dara are not uséd to estimate salinity infrusi
reasons. First, the seasonal distribution of ydrology is coltical in deermining s
variabitity, two years with the swme total annual flow could have significantly different
salinity intrusion due to the timing of the flow (Knawles, 2000). Second, since 1830,
arithropogenic modifications to the fandstape and river flows alter the Tiydrodynamic
response fo freshwater flow, somewhat decoupling the unimpaived hydralogy from the
denwnstrearn response {1 o salinity intrusion)

Matamud-Roam ef of, {2005 and Goman of of (2008 review paleoctimate g3 it relates 1o
San Francisco Bay. Generafly, they found that paleoctimatic studies showed that a setter
{and frosher) period existed from about 4000 TP 1o about 2000 BP. Inthe past 2 000 vears
the climate has been cooling and becoming dricr, with several extreme periods, including
decades-long periods of very wet conditions and century-long perfods éF drought As
discussed in the next section, the century-Tong periode of drought are found i palecsaling
records i Suisun Bay and Rush Ranch in Suisun Marsh, but are much less evident inBrowns
Istand, indicating a predominately freshwister marsh throughout the Delta. Clting Meku et ol
(2001, they note that only one period had a six-vear dmu“h! more severe than the']
period:.a seven~year drought ending in 984 CE. They also not the most extreme dry vear was
in 1380 CFL and state that it was almost certainly defer than 1977 On the whale, however,
the last 600 years have been a generally wet period This is veflected in the salinity records
discussed in the next section

Febeuary 12, 2010 B

RB.3 Reconstructed Salinity in the Bay-Delta

2001 reconstructed historical salinity varability al Rush Ranch, in the northwestern
isun Marsh, over the Tist 3,000 years By examining diatoms from sediment cores. The
wana were classified according (o their salinity préference: fresirwater ha ), Freshwater and
brackish water (0% 10 30%.). hrackish (2% 1o 30%a). brackish and maring {2%e to > 30%.1,
and warine (o 30%. 1 Based on the composition of the distom assenblages, Starrat identified
centennial-seale salimity cyeled {Table B-2%

Table B-2— Salinity Tntervals over tie last 3,000 years at Rush Ranch
Surdfuts: srevvads dctersmined from thy divrsan popalations i a sedingess cove s noriineesiers Spisun
’gl’(!“\h

- present
1850 CF

These results corespond well to other paleoctimatic reconstructions. The most recent broad-
seale freshwater inferval roughly corresponds to the Litde Tee Age, and the most recent
brackish interval corresponds to the Medieval Warm Period

Starratt notes tvat the post- 1830 interval indicdtes an incredse i the percentage of dintoms
that prefer brackish and mavine salinifiés comparéd to the Tast freshwater intervad, indicating
an increase in salinity during the last 150 vears. in comparison to the previous 600 vears:
During the post- 1830 mmd dintoms that prefer “marine” environments constitite as much
15 30% of the total ?mtom poputation, a percentage that iy at or above that ofany other
period, Draring the o recent years, “freshwater” assemblages constitute about 20% of {he
total population, a percentage that is onty about 10% hiyher than the most recent hrackis/i
futerval from 250 to 1250 CE 7

Malamud-Roam o ¢f. {20067 compared reconstragted salintty records for die past thre
thousand vears fidi four locations {three tidal marsh focations and one location i the Bay)
iz the Bay-Delta région (Figure B<2(a)). Figure B-2(b) shows several periods with higher
than avergge salinity (o.g. 1600: 1300 and 1000-800 BP and 1900 CE to presenty and several
peritds with Jower than average salinity (e, 1300 to 1200 BP and 150 to 100 BP). These
paleosatinity records are consistent with each other and with the paleochimatic records of
river flow and salinity presented in Section 2

February 12,2010
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before present (B making # an {deal method for catablishing dates through the period of
interest for the Bay and Delta. When archived proxdes are correiated with the sediment core
chronology, a timeline is established reconstrue

@ past chimate and andscape response

Table B-f — Carbon Tsotape Ratios (87°C) of Pluat Speciés in the San Francisco Estuary

altyr ,

Spaertiia filiose California cordgrass €4
Esenta sl Salt-tharsh dodder 3
Prunkenta

wrendifod iy Alkali heath 3
Cirindelios sirivio Crumplang €3
S carsioseg Marsh jaumea 3
Jinews halticns Baltic rush <3
Lepidiunt lotifoliun - Perennial pepperweed €3

Nerpus colifornicus California bulrush <3
Seirpus waritimns Alkali bulrush €3
Dypha Tattfaliv Cattail €3
Nidlicornia virwniea Pickleweed CAM

A large number of paleoclimatic reconstructions exist for California and the western 118 .
but a complete discussion is beyowd the scope of thiy report, These reconstructions are
reviewed by Maldmud-Roany o of, {20062 2007) and provide Tmportant context o events in
the Bay and Deltd by recording major non-locatized events and Targer regional ¢linate shifts
mportant examples include: Contral Valley oaks, Sierra Nevada glant sequolas, and Wh
Mountain Bristiecone ph ed to gstablish precipitation and temperature froni the Tocation
of the tree line and free rings; Mono Lake sediments and subinerged tree stump rings for
precipitation; and Sacramento and San Joaquin River Noodplain deposits for food
These studics establish a record of gnvironmental conditions 7w the Bay and Delra
formation Lo the present

VRIS

vom thefr

B.2. WMajor Regional Climatic Events

Formation of the Sacramento-8an Joaquin Delta

The Holocene epoch began approximately 8000 BCE at the end of Plefstocene glaciations
(Malamud-Roam ¢ «f,2007), In the early Holocene, a general warming and deving period
in California accompanied high orbitafly driven inselation until insolation reactied current
values ar approximatety 6000 BCE, In the Sferra Nevada, western slopes were in the early
stages of eeological succession follimving the retreat of glaciers. The modern rivey floodplain
systems were forming in the Central Valley. Parts of the Delia and Bay wereriver valleys

Before Present (31) is a fine scale. with the vear 1950 as fie origin, used in many sclentific
disciptines. Thus, 100 B refers fo the calendar year 1850

Febroary 12, 2010 8.3

tentered the Golden
Gate and Tormed the early Bay estuary {Atwater of &/, 19795 A Tringe of tidal marshes
retreated from a spreading Bay until approximately 4000 BCE when the rate of submergence
slowed to 1 {0 2 om per vear, alfowing the formation of extensive Delta marshes over the
et 2000 vedrs (Alwaer er f., 1979). Sedimentation from upstream sources Keptup with
subsidence from increasing sea-tevel rise
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2000 -1 BCE
After 2000 BCE, inTormation from archives indicates ¢limate in the Bay and Delta was
cooled with greater freshwater inflows. The Sierts Nevada bocame more moist and cooler
during a period ¢a. 4000-3500 BP (Malamud-Roam orvd., 2006).

I BCE - Present

The cooler and wetter perfod ended approximately 1 BCE, replaced by miore artd conditions
(Matamud-Roeany, 2007), Major climatic events. known from othier parts of the world, are
captured fn the regional paleoclimatic reconstructions and help to calibrate or correlate these
reconstractions to plobatevents, Unusually diy conditions prevailed during the Medieval
Warm Perfod fapproximately 800- 1300 CRY. Welter and eooler conditipns existed during the
Little tor Age Tapproximately 1400-1700 TR These climate variations are reflected in
variationg i the plant conminitics.

Droughts

T estréme droughts oceurred by the région fram about 900 1o 1130 CE and from 1200 o
P35 CE L Low freshwater niflows w the Delts ocourred during porfods 12301150, 1400-
1300, 27002600, and 3700-3450 B.P

Flood Events

Periods of nerease maisture occurred from $60-730 BP and 630-300 BP. Massive flooding
inundated the Central Valtey in the winter of 1861 (Malamad-Roam cr e, 2006} High
perfods af inflow occurred during 1180-1100, 2400-2260, 3400-3 100, and 3100-3800 BP,

Sampling for pateoctinmtic reconstroctions caplures the modern era, enabling a comparison
atcurrent conditions with conditions over the past several thousand years, The erratic patyre
of precipitation in California observed aver the pust century have been normal and small
compared to nafural vaviations over the past millennia

Reconstructed River Flow and Precipitation Records

Mako v «f (20019 used tree-ring chronologies in statistical regression models to reconstruet
time series of annual unfmgaired Sacraiments River flow for approximately the past 1,100
vears (see Seetion 2.1 Similarly, Graumlich (1987) used tree vitwg data fromy the Pacific
Farthwest 16 reconstruet pregipitation records Tor the period of 1675-1975 (Figure B-1),
Compared 10 the average observed precipitation from 1899 to 1975, the reconstrucied record
fias above-average precipitation during the latter half of the nincteenth century (1850-1900)
(Figure B-1). These relatively wet conditions during fhe fate 180075 and the severe dry

Pelruary 12: 2010

LPSTIYId3Y



Appendix B. Paleoclimatic Records of
Hydrology and Salinity

This section presents paleotlimate records of hydrofogy ( p ipftation and unimpaired
runoff) and salinity in the Bay-Delta region. i nddition to those prasented in Section 2 of the
main report

B.1. Methods of Paleoclimatic Reconstruction

The field of paleaclimatofogy atims 1o deduce climatologicdl information from natural
“archives™ in order to reconstruct past globat climate. These archives are crested By
Farth processes as the formation of ice sheets, sediments, rocks, and for Examp
information sampled from such archives include atmospheric temperatures fronyice cores
and precipitation cyeles from tree rings. When samples are dated, through radiometric or
ather methods. the dat preserved therein become proxy indices, establishing a fimeling of
major events in the local environment of the sample. Multiple samples collected over larger
spatial scales can be gross-duted fo create regional climate and landscape process
chronologics

The material sampled for palecclimatic reconstructions has Hmitations that decrease the
resotution and confidence of data going back ' time. Although paleoclimatic
reconstructions have a codrser temiporal resolution than modern meksuréments, the variations
in climate and landscape responses to change are reliably described “in' the first person™
beeause the evidence of Tacalized ofimate chm\.g_,\: fs présgeved wd o thme serfes i vrw, absent
of human influence '

The Sav Francisco Bay-Delta hag been the focus of' a} paleo
Surveys have sampled from Browns Tsland {Goman and Wells, 0; May, 19
Roam and Ingramy, 20043, Roe Island (May, 1999, M hmud Rm m s Togram, 2004y Ruy
Ranch {Starratt, 2001 Byne ¢f o, 2001 FChina Caimp and Benicla Stite
Parks {Malarmd-Roam md Tngram, 2004)

Sediment cores are the predominate archive used to reconstruct Bay-Delta climate, Cha
in wettand plant and algae commnities are the dominant response in the Bay-Delta fo
clifmte chaige and associated fTuctuations intemperature and precipitation. Pravies of plant
and alpae response o gnvitommental conditions are preserved in the sediment cores and
dummnmi by quantification and taxonomic identification of diatom frastules (Byvme of o/
W01 Starratt, 2007 Starraty, 2004), plant seeds and roots (Goman and Wells, 2000} and
plant potfen (May, 1999: Byrae ¢/ of, 2001 Malanud-Roam and Ingram, 7004) and
measurement of peat carbon isotope ratios (Byrne of o/, 200 1 Malamud-Roan ard Ingram
20047

Plant communities {n the Delta are characterized by salt tolerance. Sali-tolerant plant
communitics are dominated by pickleweed (No/icornia spp:vwhile freshiwater plant

February 12, 2010 B~

assemblages are dominated by tle (Seorpriy spp. ) and cattail (Tvpha spp. ) (Atwater erul,
1979), Plants contibute poflen, seeds, and vegetative tissue in the orm of peat to the
sediment archive. Plantmaterial deposited to surface sediments are significantly correlated
to the surrounding standing vegetation, and thus plint materfal preseived i sediment cores
dre considerad putochthonout 1o the tvpe of watland existent ut the tme of sediment
deposifion, allowing reconstriction of the salinity conditiong in'the Defta over time

Dintom tixg are classitied according 1o their salinity preference expressed as the Diatom
Salinity tndex (DS (Fq 13 (Starrits, 20047 Starrat (2001 cla

freshwater (F 0-2%0), freshwater and brackish water (FR
Ligh and marine (BMLZ
taxa have a DST range o

ificd sitiniy preference as

(503, Brackish (13 2-30%3,

.\5%0). ancd marioe (M 30-35%) Sampk,y dominated by marine
o 030

(1

Carbon-isotope ratios (' C
cateulated as

are measured by spectrometry and the § notation

- 1 s 1000 2

S —

1
|
]

é s proxy for the composition of the plant assemblages
confributing vegetation to the formation of the peat. Plants atitizing the Cy mechanism have
1 than those utitizing the Cyor CAM (2 7%0) (Table B-1). Using
the 87C proxy can detest the presence of upland bunchgrasses such as Suurting and
Fgsriehlix

Polien can be classified to the wxonomic family level Chenopidincene (now
Salivornividéady 1% representative of salt-olerant Swficoriia - € vperacene 18 representative of
freshwater species ncluding Scirpry. The tatio of Chenopodiveéar o the sum of

¢ hetopodiaccas and Cyperoceds (B, 33 s a proxy of the percent relative abundance of safe-
tolerant species (May. [999)

Chenppodivesae

KRS

(3
Chenopeseliuceae &+ Eprerocaas

Ta establish ehronologies for sediment archives, dites must be established for when materiat

was deposited through the length of the sediment cores, Rndmcarbnn dating by Accelerator

Mass Spectrometry (AMS) de teriiines age by Eounting’ the YC content of plant seeds or

carbonase shells calilirated against a northern hensisphiere atmospheric carbon calibration

curve {Malamind-Roam v of . 20061 Radiocarbon dating is valid to about 40,000 vears
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Water management prctices have been aliered by regtidations that require maintenance of
specified ow and salinity conditions ut Tacations in the Bay-Delta region during certain
periods of tho veor. The 1978 Water Quality Control Planand State Water Resources
Coritrol Board (SWRCB) Decision 14835 established water quality standards to manage
salinity to proteet Delta agriciliure and municipal and industrial (M&T1) uses: The listing of
delta smelt vy 4 threatendd species under the Endangered Spécies Actin 1993, followed
the Bay-Detin Accord in 1994 and the adoption of it new watér quality control plan by the
State Water Resources Control Board in 1993 changed the ameont and timing of resetvolr -
reteases and south-of-Defta exports. California’s Rice Stinw Burning Act wits enacted in
1992 to reduce air pollution by phasing out the burning of rice field stubble; by
Sacramento Basin rice Tarmers were diverting additional water to flood harvested fields 1o
decompose the stubble.

Changes i water diversions and reservolr operatinns have altered the magnitude and fiming
ol river flows to the Delta, and anthrepogeaie maodifications t the Délta fandscape have
aftered the interaction of fresh water from the vivers with salt water from the otean, thus
changing patierns of satindty inrusfon fuwe the Delta

Felyroary 12, 2010 A-td ENE] February 12, 2010
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DELTA WATER QUALITY WITHQUT SALINITY CONTROL
Figure A-4 - Salinity on the San Joaguin Hiver at Antioch (DWR, 1968}
T Diepariient of Water Besonrees oxamlned s offety of npstecans dhopdlistions anid sl
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FURD, 2000, ctord 20700 covsrinie Hro i
wrderestimate the cotal qualite ofwates b

s ihse s,

Figure A-4 also shows estimates of the avatlability of water in 1960, 1980, 2000, and 2020
without reservoir releases 1o provide salinity control, demonsirating that upstream deplet
and in=relin exports would ive continued 1o degrade warer guality av Antioéh

February 12, 1010 ATl

Exports from the south Delia started in 1951 with the completion of the federat Central
Valley Project punping facility near Traey, California
Banks Pomping Plant, just to the west of the foderal fHcility, began in 1967, As shown in
Flgure -3 south-of=Delty exports Tnereased rapidly from 1951 through the mid-1970s, and
sinee then the combined exports hove averaged wore than 4 million acre-Teet per vear.

Construction of upstream reservoirs also altered natural patterns of flow into the Delta
Figure A-5 and Flgure A-6 show the extent and vapid dse of constructed reservoirs in the
upstream watersheds of the Deltg (DWR_ 1993 The location, vear of completion and
approximate storage capacities (in acresfe

the temporal development of reservolr capacity. Reservolr construction began in 1850 The

major resereoirs of the Centvad Valley Project (CVP) and State Water Project (SWP are the
Shasta (4.5 MAF capacityyand Oroville (3.5 MATF) reservoirs, respectively. Thess reservolrs
capture the flow in the wet season (redutiog the fTow intd the Delta in the wet season) and
refease water Tor fivfgation and diversions

California Reservoirs

TRINIT
SHABTA % N ..
WHISKEVTOWN e AMANOR Reservoir Capacity [AF]
(OROVRLE - 5,000
NEW BULLARDS BAR < 5000 - 10,000
| Fasom 16,000 - 50,000
50,000 - 100,000
100,000 - 266,000
250,000 - 500,000
500.000 - 4,600,000

INCHAN YWALLEY
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Cessation of hydraukie mininyg around 1884 resalied in crosion o
continues to erode even today, From (887 to 1990, approxim
were groded from Suisun Bay. The net change in valwme of sediment during 1867- 1887 was
68 Mm3 (et deposition} and during 18871990 was - 178 M3 [net mxwm A aresyli of
these changes, tht‘ tidal flar nf Suisun Bay increased from about 41 km® in 1867 10 32 km
1887, but decreased to 12 ke by 1990 rdut 1o erosion subsequent o lhc afion of
hydrautic mining). Cappiella o7 of (1999) attributed the change in the Suisun Bay area fram
being a fargely depositional environment (o an erostonal envirsnment natonly 1o the
hydrautic mining practices of the late 18007 but alse to increased upstream waler
management practives. The Sutsun Marsh Branch of the DWR estimated that erosion of
Suisun Bay (modeled as a uniform chiange in depth of 0 75 meters) has increased salinity in
Suisun Bay and the western Delta by asg much as 20% (Enright, 2004 Enright and Culberson,
2009y

fsum Moy, which
S m’ of sediment

A.3. Water Management Practices

Extensive loeal, state, and federal projects have been built 1o move water around the stafe

attgring the natural flow patterns throughout the Delta and in apstream watersheds. Tor
clarity in the dis ion that follows, définitions and discussions of actua] flovw and salinity,
unimpaired flow and salinity, and natural Row and salinity, are given below,

Historical (actual) flow and salinity

Historical {or actual) flow and salinity refer to the Tlow and electrical conductivity, teat
diysolved sohds concentration, or ehloride concentration that cecurred In the eituary
Histerical conditions have been observed, measured, or estimated ar vanous times and
focations, they are now measured at monitoring stations throughouw the estuary
Historical data are also used to estimate fTow and water quality conditions at other
tocations with the following wols. the DAYFLOW program from [EP, the DSM2 mode!
from the Cabifornia Department of Water Resources, the X2 equation (Kimmerer and
Monizmith, 1992} and Contra Costa Water District’s salintly outflew madel (also referred
10 as the G-model) (Denton, 1993 Denton and Sullivan, 1993}, The use of these tadls to
estiniate flow and water quality is necessarity dependent upon the Deita configuration to
which they were calibrated  Use of these tools in hypothetical confighrations {such as
pre-levee conditions, floading of istands, ete) s subject to - quautlhui giror

Unimpaired flow and salinity

Unimpaired Tlows are hypothetical fows that would have oceurred in the absence of
upstream diversions and storage, but with the existing Delta and yibutary configuration
Unimpaired {Tows are estimated by the California Department of Watey Resources
{DWR) for the 24 basing of the Central Valley: the Delta is one of the 24 basing
Additivnally, DWR estimates inimpaired ine Dol use and unimpaired net Deltd outflow
(NDO), Unimpaired NDO gstimates can be used to estimate unimpaired water quality
usitig o salipity-outflow rélationship such as the X2 or Gonode! tools discussed above

7 X7 is defiiod as the distance frons the Golden Gate to fhe 7 part-

thenisand aline {eanivatent o

Since unimpaived flows agsume the existing Delta configuration, the use of these tools

should not violate their basic assumptions. However, the vesults should be taken in
context, Water quality based on unimpaired flovws compared 1o water quatity based on
historical factual)y flosws shows frow water managenient activitivs affect water quality.
Water quality based on unimpaired Tows cannot be considored naturat

Natural flovw aod salinity

Natural How anid salinity reflect pre-European settlement conditions, with'a virgin
tedseape in both the Cemral Valley and the Delta, nitive vegetation; and no diversions
or constracted storage. As discussed above, the natural tandscape included natural
storage on the foodplaing andextensive Dela marsh, Fstimation of natural flow requires
assumptioos regarding the pre-Puropean landscape and vegetatfon throughout the Central

Valley, Fstimation of natura] salinfty requires development of new models o goenunt for
pre-Furopean Delta geometry, incorporating timates of natural flow. These

asstiptions induce an unknown level of e reason. no altempt s made in this
report to caloolate natural flow or e resolting salinity. Instead, paleosalintty studies wie
exmined W provide evidence of salintty in e pre-Turapean e,

Water managemént practices have continually evolved since tie mid- 18507y, Asd s
inSection 1.1, antfitopogenic moedification include diversion of water umncnm and within
the Delta, construction of reservoirs, and systém operations to meet regulatory requirenients

The irigated acreage in the Central Valley hus been steadily increasing since 1886 (
;} incréaging the upstrenm diversions of water. There were two periads of rapid growth in
reigated acreage: from 1880 1o | and from 1940 10 1980 In-Delta diversions (Figure 1-
i 1860 with reclamation of Sherman Istand: from 1869 16 1930, in-Delta diversions
assumed fo have grown in proportion 1o the area of reciaimed marshland (from Atwater e
ale, 1979

Upstreans divérsions first became an issue widh respect to F‘)tha saltnity around 1916 with the
rapid growth of the rice cultivation ndustry (Amioch Case. Town of Anffoch v. Williams
Treigation District, 1922, 188 Call 4512 see Appendix £.2). These early “pre- project”™
diverstons for irvigation had particularly Targe impacts because of the J:asona]ity of water
avaitahility and water use, Diversions for agriculture typicatly startin the spring and
continue through the early fall (when river flow is already tow). These carly rigation
practices, combined with the decrensé in spring and sumnier flow due to the separation of
rivers frooy their matural Roodplains, fesulted in o significant reduction of the spring and
supner river flow, leading aineredsed salinity infrusion

Figure A~ shiows the Departiment of Water Resources” estimates of the effects of upstream
diversions and soutl-o8-Delta exports on the salinity in the San Joaguin River at Antioch
(DWR, 19607 DWRs 1960 report indicated that water with Tess than 350 mg/L chiorides
weuld be present al Antioch approximately 88% of the time on average “matrally.” and that
wvailability decreased to approximately 6% by 1940 due o upstream diversions. This
{Tustrates that upstream deplenons had a significant effect on salinity at Antioch during

D0~ 1940, prior to the construction of Targe upstreant reservoirs. (For reference, Shasta
Dhen whs completed in 1945)

2 grams Of salt per bifogram of w
indicator of frosfwater avaitab

ter}, npeasured along the axis of the Swn Francisto Exfuary 218 often used 4y an
v and Fish habitar conditions in the Dalra (lassby erad 1905 Monismith, 1008}

Pebruasy ¥2. 2010 Al A0 Febroary 12, 2010

LySTO¥ID3Y



RECIRC2547

GHOL 21 Antuga ER Y v

30 SRHSOILIY SIS
Sl dy panpTiyiig s mn

NMPSTH PP DI SHE L DAL AN (G5 yoygtil
gD 12 S R ] sagint pusglfe 2l A HOUDIIE AN 0] tivtl] 69g] 1 9 1 LAty P PRI TSN g Jis spacint, y
3 Y Seay S5 aid 1 E R R ORI T LA EION D TP BRSAIND N SR Jr8 A it g A z
JRRAS ) (06T WML S0 N.NMM ,M\mwmmmﬁ \Km ..Mc %mwkx p \«. @:&2\ PR AT, § GORT WL g At 30 dugy - 7oy pandy
y1 L E AL gy 2L

€L W




A2, BealevelRise

Sea level Tluctuations resulting from the repeated glacial advance and retveat during the
Pleistocene epoch textending ffom 2 million vears [HORE vears ago) resulted in
deposition of alternating layers of maring and alfuvial sediments in the Delia (TR 19981 A

warming trend starting about 15,000 years ago ended the last ghlacial gdvance and triggered
vapid seaclevel rise. At the end of this perfod (hnown as the "Hoelocene Transgression™)

approximately 6,000 vears ago. seq level had risen
tidde (Atwater ¢ ol 1979}

sufficiently to fnundate the Deltn at

Sea fevel is estimated to have risen at an average rate of about 5 cmieentury during the past
6,000 years and at an average rate of 1-7 omdeentury during the past 3,000 vears (Cavan o7
af., 20081 Observations of sea tevel at the Golden Gate in Swn Frandiseo reveal that e
mean sea level bas risen al an average rate of 2.3 ceade {or 027 sl yrd overthe past
100 vears (Cayan of of, 2008 FPuture increases in sea lovel are expecied To tncrease satini
intrusion into the Delta (DWR, 2000 sctual salindty response to riving sea Tevel will depend
upon actions taken to protect ayaingt flooding or levee overtopping (e wew tidal marsh
would generally reduce salinity intrusion, while construction of sea walls or dvkes may
further increase safinity),

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

Creation of artificial channels, reclamption of marshlands, land use changes and othe
physical changes to the tandscape of the Delta and Contral Vadley have significantly altered
water movement through the Delta and e intrusion of salinity Tute the Delta. Wajor
physical changes to the Delta and Central Valley landscape have occurred-aver the last 150
years, As many of these physieal chaniges were wade prior o flow dand salinity monitor
{which began in the 19207s), anly a qu wlitative discussion is presented belowv,

A.2.4.  Deepening, Widening, and Straightening Channels
(early 1900’s-present)

The lower Sacramento River was widened ta 3
Istand) around 1970 (Lund er of. 2007 Progressive da epen ng o{wymmu hmm'!i
in the carly 19007, Original channe! depths were less thae 10fect: chanpals were
dredged to depths exceeding 31 feet, and maintenance dredgiog continues today

These changes to the river channels have sased salindty intrusion. Deepeni
channels increases the propagation speed 0f tidal waves, leading to increased salinity
intrusion. Stmilarly, straightening the viver channels provides a shorter path for the passay
of the fidal waves and increases salinity intrugfon. Widening of the viver channels ineren
the tidal prism (the volume ol water in the channels), resulting in further salinity intrusron

Larger cross-sections reduce velocities, fowering friction losses and maintaining more tidat

energy. which is the driving force for dispersing salinity into the Delta.

Tebruary 122040 A

A.2.2.  Reclamation of Marshland {1850-1920)

far the Central Valley
The original natural Aoodplaing caplored Targe winter flows, gradually releasing the witer
back info the mu ehannels throaghout the $pring and summner, reswlting in a more uriform
flow into the Delta (reduced peak Now and increased low flow) cor npmvd fo current
conditfons. The increased surfice aren of water stored in these natural ,tmdphm\ ingreased
total evaporation and groundwater recharge. reducing total armval fnflow ito the Delta.

Fugn with less Delta inflow, the différence in the scisonal flow pattern may lave lmited
salinity intrasion. The drainage of Toodplaing back o rivers during the spring and
srovndwater séepage Back 1o the rivers in the summer and tall provided a defayed itcrease in
river flews during the Tow flow perfod. Raistng and strengthening ratural fevees in the
Central Valley efféctively disconndeted the rivers from their floodplains, removing this
matural water storage, increasing the peak flood flovws and reducing the Tow flows. The it
effect of these changes tw the Central Valley was 1o reduce safinity during floods, when
salinity ¥s typically already Tow, and increase salinity during the following summers and falls,
which i% ikely o have Ted to increased maximum annual salinity fnrusion

Fir the Delta
Reclamation of Deha marshland began around 1850, By 1920, ahmost alt land within the
tegal e <l had been diked and drained for agriculture (DPW. 1931, Before the levees were
armored and the marshies were drafned, the channels would ave been shallower and longer
mare sinueus), which would have slowed propagation of the tides into the Delta, reduced
ridat energy and reduced salinity intrusion

The naturl marsh surface would have increased the tidal prism: However, the shaflow
marsh depth and native vegetation would have slowed the tidal wave progression. The
combined efféot o salinity intrusion depends on the Jocation and depth of the marsh, the
native vegetition distribution, and the dendritic channels that were removed from the tdally
active sysiem

haure A-T shows the western. contral, and southern portions of the Deltain 1869, For
comparison, Figure A-3 shows the same area in 992, with man-made channels highlighted
grey

A.2.3.  Mining debris

Hyvdraulic mining in the Sierra Nevada began in the 1860°s and produced farge quantities of
debris which traveled down the Sacramento River, through the Deltw and intp the Bay.
Mining deébris may have contributed to the extensive fooding reported in 1878 and 1887
Cappielta ot vl (1999 estimate that, from 1867 to 1887, approximately 145 miftion cubic
meters (Mm3Y of sediment were deéposited in Suisun Bay. This deposition was due 1o the
inflow of hydraulic mining debiris

U Th

4-n

o tegnt Tholta is defined in Californin Water Code S,
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Al Climatic Variability

Changes in precipitation regimes and sea levels, brought about by a changing climate, can
affect the spatial and wemporal salinity conditions in the Delia or
runoff, precipitation and seatevel are diseussed below

A1, Regional Precipitation and Runoff

Precipitation in the Bay-Delta watershed sets
which could ulfimately reach the Bay and affect salinity conditions. However, since

precipitation fiulls as both rain and spow, runofl o river chamels is spread over more moniths

han the precipitation events themsetves: any ranofT Trom rain genetally reaches the river
channels within days of the precipitation event, but runoff resalting from snow is defaved
until the spring snowmell. For this riason, estimates of inimpaired flow (runoff), rather ¢
precipitation, are genefally used to tharacterize hydrological varability, Unimpaired runof?
represents the naturdl water production ot a river basin, unaltered by water diversions,
reservolr storage and operation, and expirt of water 1o or import of water from othier basins

Knowles (20001 determined that variability in freshwater flows acepunts for the majority of
the Bay’s sabinity variability. The spatial distribution, seasonal timing, anpual magnitude
decadal variability, and forg-term trwds of unimpaired How all afféct the hvdrolopy and
salinity transport in the Delta. Total annual onimpaived flow in the Sacramento and San
Joaquin basins from 1872 through 2009 s presented in Section 3.1, with the seasonal
distribution provided for 1971 through 20073

The total annual unimpaired fow of the upper Sacramento Bagin for water vears 1906
thratgh 2006 exhibits substantial year-to-yéar variability with a strong decada! psoillation in
the Seyear running sverage (sée Famre 3213 Owaverage, over the last 100 years, the wid!
annual unimpaired Sacramento River flow is increasing by about 0.06% or 11 thousand-acre
feet (TAT) edch year. However, increased total annual unimpaired flow does not nece
rechice salinity intrusion. Knowles (2000) Thustrated that the semsonal dawving
significantly alter salinity ntrusion without any change w the &

Frunoff can
annoal rupoft

Typically, most muptmlmn in Califarnia ocours during winter in the form of snow in the
Sierra Névada,
that flow into the Debia. The four moriths from April through July approxinately span the
spring season and reprasent the period of cunoff due © snow melt. The long-term trend in
spring (April-July) runofl decreased by approximately 1.3 MAF from 1906 1o 2006 {Figure
A-1) This efy s hetieved 1o be caused by ¢lmate uimnm, EMPETAtUres Warm, more
precipitation fafls ds vain instead of snow, ard what snowpack that does accumulate tends to
melt earficyin the
spring o sumiier, resalting in the potential for greater salinity intrusion. These observed
changes in the magnitude and timing of spring runoff of the Sacramento River watershed
conststent with similar changes fn spring runoft observed soross river watersheds of the

SO Vay ations i ey

the amount of water available within the svstem

mpaired Sacraments Basis Runoft [My
=

arify

suh\u\ went melting of this snow, beginning in the spring. Teeds the rivers

sear. This Teads to higher runoff during winler mombs, but lower runoff in

dn

weestern United States (e g, Dettinger, 2005 Mate e of 2008 Stewart e o/, 2005). Note
that, from 1920 o 2006, the fong-term tend m sprisg runoff agtually increased shightly
approxtmaiely 05 MAT),

e A il o Jub Towd - (905 . G

3= G010+ 75809
W (el

Avetage ef A
st FApAL e Ry

Linear tApel o Juy

&

Vs

K Xatid vensre”

Precipitation and runoff are mfluenced by reglonal events such as the Little lee Age (ahout
{300 10 1850 CE) and the Medieval Warm Périod (aboit $00 o about-1300 CE). During the
) km fce ’\,“c ﬂk \\m\u st m\hnc in thc ‘ﬂum was generalty at'a fower élevation, and

g4 e stgnificantly tower, This temperature
paﬂcm would aHmv the snmvmcit fey bast f‘xmm:r inthy the swmmer, providing o more uniform
seasonal distribution of runofT such tat sigmificantly tess salinity ntrusion than oceurs today
would Bbe expected. This expectation s borne out by palcosalinity studies {see Section 2.3,

At shorter fime scales, oceanic conditions such as the Pacific Decadal Oscillation (PDOY and
1 Nifio/Southern Oscillation (ENSO) alse impact precipitation and runoff patterns. Runoff

in the upper watershed 1s the primary factor that determines freshwater cmmow frora the
Drelta, Anthropogenie ffow managentent {upstream diversions, reservoir operations, in-Delta
diversions, amd south-ofDetta exports) alterd the amount and tining of flow from the upper
watershed {see Section 2.3, Changes (o the jihysical landscape further alter the amount and
timing ofF flow (see Section 2.2}
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Appendix A. Factors Influencing Salinity Intrusion

Salinity intrusion m the Delta is the result of the iteraction between tidally-driven saline
water from the Pacific Ocean and fresh water from rivers flow
climate change {2 g, sen lovel rige and change in precipiiaton o
the Centrat Valley landscape (e g. tion of artifieial chann
water management practices (e ., TeSeTVOIT storage, wate
municipal and industrial uselaffect this interaction bebwes
freshwater flow, in turn affécting salinity intry
1998, Department of Public Works (DPW), 197
Knmvlcu 20007,

P

tons for agricultural and
the ocean tidis and the

v T the Delia{The Bay Insthute (THY,
31, Nichols 7 o/, 1985, Conomos, 1979,

and

ualty and
s necessarily due 1o

These factors are grouped into three ca {Table A- Uy and discossed Tndivi
qualitatively to provide context for observed salinity varfabd %m whit
the cumulative impact of all fctors

Table A-1 - T mmm \ifeumg Satinity Intrusion inta the Delta
Catriral and o he Dol T
il Clomate c/mu(fe plevsicad chines i

UL LONEY. 1]
practives

Caytegory

Factors affecting salinity intrusion
and specific effect on Delta salinity

# Separation of natorat ﬁondplmn\ from valley rivers
o Confining peak flows 1o river channels would reduce
salinity during flood events
e Preventing foodplains from draining hack into the main
channel wonld increase salinity after floods (ate spring
atid summer)
& Reclamation of Delta islands
o Varies (the effect on catinity depends on marsh
vegetation, depth, and Tocationd, but marshes generally
dammpen tides. reducing salinity strusion
= Creation of canals snd channel “ougs™
Generally creates more efficient routes for tidal flows to
enterthe Detta, thereby increasing salinity intrusion
velative to native conditions
= Dleposition and erosion-of sediments in Soisun Bay

{Cappiefl er o, 1999)

o Deposition of minihg debris (oceurred from 186075 to
approximately 1887} reduced satinity in Sufsun Bay and
the westery and central Delta (Baright, 2004, Enrigdt
and Culbierson, 2009}

o Frosiom foceurring since 1887) increases salimty in
Suisun Bay and the western and central Delta (Enright,
3004, Envight and Culberson, 2008

Water Mansgement
Practices {réservolr
nperations, water
diversions, and
exports from the
Deltay

» Decreasing Net Delta Outflow (NDO)Y By increading
upstrgan and fo-Dielia diversions as well ag exports
o Inereases salinity -

#

Tnereasiag upstream storage capagity

o Cenerally ingrea alinity when reservoirg are Tillic
Reservoir rele may decrease salimity i they more
outflow. Historically, this occurred when flood control
or other refeases were required It wetter vears
[Toweier, as this study shows, tiis has generally been
small and intermittent; salinity measurements indicate it
oceurred oceasionally prior to 1985, and very seldom

sinee. Increased early winter diversion of runoff to
SHOr: H maintain or increase b alinities in the
winfer

Category F zi§t§t‘s :fffemi?g salinity infru.s'ifm‘
; andspecific effect o Delta salinity
Regional Climate e Drecipitation régime
Change o Long-term reduction of spring (Aprib-Julvy snowmelt
runoff may ncreasd salinity I the spring; summer,
fall,
o A shiftto more intense winter ranoff may not ¢
satinity i the seinter because outflows are nypic
tready high during winter storms.
e {yeesn conditions
o Added periodic sility o precipltation (via
mechanisms such as th n Oscillation
(FNSOS or Paci YL\ o (PDOY
= Seu levelvise
o Expected to inereasd salinity Tntrusion (DWR, 200673
Actual satinity responsé to rising séa level will depend
upon actions ke to protect against Mooding or
overtopping {e.g., new tdal marst vs. sea svalls or
dykes)
Physical Changes o e Degpening, widening, and straightening of Delta Channels
the Landscape o Generally Tnersise salinity, but response will depend
apon Tocation within the Della (IDWR, 20063
February 12, 2810 At
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6.

Conclusions

Measurements of ancient plant pollen, carbon isotope and tree ring dala show that the
Delta was predominately a freshwater marsh for the past 7,500 vears, and that the Delty
has become far more salife in the past 100 vears because of Tuman activity. Salinity
itrusion durfng the Tast 100 years is comparable fo the
years,

Fluman aetivities during the tast 150 years, including channelization of the Delta,
climination of tidal marsh, construction of deep water ship charnels, and diversions of
water, have resulted tn increased salinity Tevels in the Delta, Today, salinity tvpically
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 194075, the Delia and
Suisuy Bay would freshen every winter, even during the extreme drought of the 193075,
However, that pattern has changed. During the most recent droughes (197641977, 1987
1994 and 2007-20093, the Delta did not always freshen in winter. Without seasonal
freshening, contaminants and toxics can aceumalate 1t the system and voung aguatic
species do not experience the same Tresh conditions in the spring that occarred naturally
While halt of the past 235 years have been refatively wet, the fall safinity Tovels in 21 of
those 28 years have resembled dry-year conditions. In terms of salinity. the Delta is now
ire 4 state of drought almest every fall because of iman activity'including water
diversions

Seasonal and inter-annual variation in salinity Was also been changed, however, th
change is the result of reducéd freshwater fliws into the Delta. At any given focation in
the wasiern Delta and Suisun Bay, the percentage of the year when fresh wiiter Is présen
has been greatly reduced or even eliminated

The historical record and published studios show the Dettais far saltfer now, even after
the construction of wservolrs that have been used in part 1o meet State Water Resources
Control Board water quality requirements in the Delta. Operation of reservolrs and water
diversiong for salinity management somewhiat ameliorates the increased salinity intrusion,
but the levels still exceed pre- 1900 salinities

ys

wst tevels over the past 2,300
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Available data and observations indicate that, prior to about 1918, fresh water was available
at teast at tow fide during almost the entite year, in all but a Tew dry vears. Around 1918
abrupt change o higher salinity occuried. Althougha prolonged and severe draught also
began about this time, salinity conditions at’ Antioeh did not retien fo pre-drought levels
whien the drought ended, indicating that water mamigement activities (inereased upstream
diversions and later storage of waler i apstream reservorrs) were the primary Causes of this
increased safinity

4.2. Reports on Historical Freshwater Extent

Several literature reports discuss the spatlal extent and durgton of salinity conditions in the
weslern Delta and Suisun Bay during the latt T8007s and early 1900°s, Salinity conditions at
several key Diefta tocations are swmmarized helow.

Location Western Delta
Source(sy DPW (1931
Quotation: “The dvy years of T9TT 0 FHLY conbaned with fncregsed wpstreans

wrigation diversions, especidfo i pice cultire i the Saeramenta Fe
Jured eitready grven rive fo vasions of saliniy o the apper Bay and
lenwer delta chanmets af grevier sxtenr and Weagrtide thun el vver B
knenwes Before” (DPW, 1931 py 22)

Quotation i ax particeloriy inporian ¢
oire of wrnsxnel drenesy and sabiosined saream fow and thet s conditn
has Bovir g most importan coslributing faciar b the abigersd exteat of
salite imvasicny which fies vocovered duyeing iy same time” (DPW, 1931

wite that e i P97 F92T B boen

pg. 663
Summary: Salinity intrusion indo the Delia during the peried 19171929 was much
farger than expericnced prior to thal time
Location: Pittsburg, CA
Source(sh Tolman and Poland (1935) and DPW (1931
Quotation: HProm PRS0 fe {920 Piitsbur (formerie Black Dignrosdy obtaimed afl ar

st of ifs domestic cnd mpsicipol seater supply from New York Sloa
offifire.” (DPW 1931 pg. 60Y
Quatation T here seas ane ineshanstible supplv Gf roves watdr ovailfahte ar the N
Yok Slogalr [rear Pittshurg at 1l nffuence of the Sacramiento and S
Joaquin Rivers), but i thie ssmmer of O3 this river wgar sheovwed o
sicriling vise in selinity o 000 ppng of chlorive, the firse time s meany
ring e diysunone

swers et i Bord grews vory Brockisd

CTolman and Poland, 1935, pg. 27)
Stimmary” Priorto the 192075, the water near the Cliy of Piftisbury was sufficiently
R for the Clty to obtain all or most of its fresh water direetly from the

river
lLocation: Antioch, {4
Souree(s) DPFW {10315
Februnry 12, 2010 LS My

Cuotation “Froimarly ddays, Antioch fos obrained all o moseof s donestic and
pnaaicipal water supphy from the San Jicrgnine River immediately offifiore
froan Hhe cye Fhis supply abvo has abways been affiecred v sonte extent by
seifine frivesivan il the water becaning hrockish dus e cortain perods
i the Tate sammer avd carfy fill months, However, conditions ssere fairly
satfsfiyerony i dhis pespect ungil 1917, when il increased dégree and
it of Salime ivvasion Began b resudf in the sater hoconting oo
Priekivts g doaesiic use during consideralile peesods i the swisiner wnd
SRR {DPW 193 pe 61

Sumiary: Until 1917, the City of Antioch obtained all orwmost of its fréshwater
supplies directly from the San Joaguin River, Salimity intrusion hag
prevented domestic use of water at the Antioch intake in summer and falt
after 1917,

Location Benicia, CA (Suisun Bay)
Source(sy: Difton { 1980) and Convell (1963}
Cuotation’ I TSRO, anr areificial lake was constrieted, This reservan, fiffed with
froesh water Jrom Sristun By during the speing rinofiof the Sieved sing
geelt vty T {Dillon, 1980, py. 131
Quotation < IRSY, consteneion begai ot an artificial Like for tie [Benicia]
arseneld selicl swowdd sorve througlour 18 remaining history dy ¢
reservesty, hemg flled with frods water punped from Suisun Boy drrmg
spwing rnoffs of the Sucramenta nd Sear Joaguin Rivers which ciiplticd
sty the by o stoet distune pertl of the rastalfation.” {Cowell, 1963, pa,
31
Summary In the fate 19" Centiry fredh waler was avaitable in the Suisun Bay and
Carquinez Straiis for use by the Tity of Benieia

Thereported presence of relatively fTesh water in the western Delta and the Suisun T
duting the fate 1800"s and early 1900°s is consistant with the relatively fresh conditions
obiserved inthe padeoctiniate records for this time period {Seetion 237 and the refatively wet
conditions observed in the Sacramento River runoft and precipiiation records (Seetion 3713

Additional observations between 1775 and 1841 arg included in Appendix 2. These
qualitative observations indicated the preseénce of “wiéer” water neat the confluence ol the
Saeramento and San foaguin Rivers ih the vicinity of Collingville in August 1775 (a period
of average or above-averape Sacramente River fowy, and September 1776 (a period of
Befow-average Sactamenta River flow) The presence of “very clear, frosh, sweet, amd
vood” watet was reported i April 1776 (a'dry year). Fistorical observations from 1796 and
August 1841 dry periodsy indicated salinity “fir spsireom’™ at high tide and the presence of
Yrackish tundrivkables water in Threemile Slough, Current salinity controls and regulations
put brackish water (averaged over 14 days) near Jersey Powt and Ennmaton, each about 2.5
miles helow Threemile Stough, on a tegular basis anhually.
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4. Qualitative Observations of Historical Freshwater Flow
and Salinity Conditions

T this section, qualitative observations of satinity conditions in the western Delta and Sufsun

Bay from the Tawsuit filed by the Town of Antioch in 1920 and from various Hierature
report
1800°s and early 1900°s. Qualitative observations from e
discussed in Appendix E

A

e explorers and settlers are

4.1, Town of Antioch Injunction on Upstream Diverters

In 1920, the Town of Antioch filed a mwsuit (herainafter referred 10 as the “Anficch Case™
agalnst upstream irrfgation districes, atleging that UpSHERm water diy “r\mm were ciusing
ingreased salinity intrusion at Antioch. An overview of the Antioch Case is provided in
Appendix I The cowrt decision, Tegal briefings. and petitions provide qucﬂmt salinfty
observations from a number of witnesses. Although testimony in the Antioch Case s
generally ancedotal, not quantitative, it provides & perspective of the salinity conditions
prevailing in the early 19007s. Because the proceedings were adversarial in nature, this
report focuses on the testimony of the upstream inferests, who were tryfng to demonstrate
that salinity intrusion was common near Antioch prior to their diverting water {prior to
1920). Consequently, the westimony may be biased in support of this “more saline”
argument

The upstream inferesty in'the Antioch Case provided information on the operation of
pumping plants aloog the San Jeaquin River at Antiock for domestic vater supply and’the
quatity of water obtaingd from the pumping plants, summarized {n Table 4.1

are discussed to provide a perspective of the salinity conditions prevailing in the tate

Table 4-1 ~ Testimony regarvding pumping piant operations and water quality in the 1920

Antioth Case

Time period
of observation
1866-1878 Me. Dodpe ran o pumplng/delivery operation at Antioch
* Dodge pumped waterinta a smalt earthen reservoir at Antioch
zm(‘ then haled the water fo residents In oy n

& Cary Howard testified that while he wag tiving in Antioch
{1867 1876), the water became bragkish ote or two vears in the
Fall, when they ind o drive intd the Country T get water. This
likaly oceurred during the drought of 187071

1R78-1880 Mr. Dahaken Bought and operated the Dodge dperation

w Drdlisken estified that the water bocame b 11} {5
every year i the late sunmer, and remained brackish at high

tide untit it rained “in the mountaing.”

Retevant information from the testimony

February 12,2010

Tine peviod

e Relevant information from the testimony
of shservation “

(880-1903 Belshaw Conipany provided water
¥ Dahnken regtified tha Belshaw Company pumped onlv at low
tide,
169031920 *«!muupal Plant
= William B Meek {resident since 1910) estified the water is

1353“ deat high tide every vear, for some months in the vear

& James P Tavior testitied that Tor at least the Tast 5 years,
insufficient storage required the plant to pump nearly
per dav, mg,a:dic,sm “tidal phase.

A LWL DeWit estitied that during October of 'most years
berween 897 and 1918, the water was oo brackish o diink.
Even when the city only pumped at fow dde, the water was
aocasivnally so brackish that it would be harmful o irrigate the
lawis,

This testimony suggests that, fathe Tate 18007s, water at Antioch was known to be brackish

at Frigh tdde duaring vertain time perids, but Antioch was apparently able W pump fresh water
at Tow tide vear-round, A possible exception was the fall season durfng a fow dry years,
Water at Antioch was apparently frosh at Tow tide wntit atleast aronnd 1915, At that time,
due o inereased demand and inadequate storage, the pumping plants started pumping
continuously, regardless of tidal stage. The window of tise each year when Antioch is able
1o piump fresh water front the river has been subistantially reduced in the fast 1725 years:

&g

shown in Appeidix A, DWR (1960) estimated that water with a chioride concentration 6f
350 me/l, or less would Be available abott §3% of the time i there were no witter
managdment effects. DWR {19607 estimated that ohloride concentrations at Antioch would
e fess than 350 my/L abiout 80% of the time in 1900 and about 60% of thie time by 1940,
DWR also projected further deterioration of water quality by 1960 and beyond but did not
include the effects ot reserveit releases for salinity controt

Observations of salinity at Antioch diuring recent vears indicate that salinity s strongly
dependent on acean tides, and the divmal range alinfty can e as miuth as the seasonal
and annual ranges b Salinity. This is discussed in more détail in Appendices D and E. For
instance, salinity at high tide'can Be more than five ties the safinily af low fide {Figures D-
and D-3), and the salinity during the course of a single day may vary up 10 6,000
gure D ‘y. Averge dmh‘ salinit v at lmv tide durmw the pcrmd of W% 7»70 17

Wmmu thv dno }mua bmwcm 1983 mzd 2002 mhmty af low mic was a!wuys grava\u‘ than
OB n&em EC (e, no fresh water was available at any time of day ) for about eight months
ui the ar. Fresh water is currently available at Antioch far Tess frequently than prior o the

vt witer quality erfresion Tor municipal and tndustrinl use ts 250 myfl. equivatentto abow 1000 S/

Febraary 12 7010
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attributed it to water operations. In seven months (January-May. September-October) the

Flgure 3-17 presents the variation in average fall salindty ar Coflingville from 1920 1o 2008
increasing trend was significant (p=0.05) f

{Ootober-Decembert. Fall salinity & now high alrwost every year, while v the past, fail
satinity was only bigh in drv and critical vears. High salinity in the fall has been identified as
Even in the sear drought from 1928 10 1934, the Delta still froshened every winter a factor in the dechine of the Delta ccosvstem. Baxter erof. (2008) noted that “fall salinity
{Figure 3-16). However, as shown in Figire 3-16, the Delta hug not freshened during niore tas bedn refatively high during the POD years, with N2 positfoned further [dic] upstream,
recent droughts (T976-1977, 19871904, and J007-20097 This indicates that the Wistoried] despite moderate o figh outflow conditions during (he previous wintér and spring of imost

i

J

Hlushing”™ of the Delta with fresh water is no fonger occurdng, This fack of flushing can also vears.”

allow waste from yrban and agricultural developments upstream of and within the Delt

accunmulate. Contaminants and toxics have been identified as factors in the declive of the

Delta eco i {Baxter of af. 2007). The data indicate the effect of managing to the X2 Conclusions

standard {Timplemented in 1995), as the salindly levels atained in the mast recent dro
not as high ag the 1976-77 and 19871992 droughts

Tare

e I the 19287 and 19307s, the Delta freshened annually, even during droughts. In roeent
droughts, the Delta does not always freshen during the winter

+  Priorio 1976, fall salinity was high only inrelatively dry vears, Recently, fall salinfty is

ater Yedr Type :
g high almost every vear:

“ritizal i
i
o i :

e Hovmall
ose Mormat |
! B we :

Gray shading indicates dic
) v

3.3.5. Salinity at Mallard Slough

1930 1940 1950 160 1974

A 1967 agreement between the Contra Costa Water Distriet (CCWD) and the State of
Califtrnia requitesthie State o reimburse COWD for the decrease in availability of usable
river water, defined as water with less than 100 mg/L. chlorides, at the Mallard Stough intake
(COWDL 1867, The 1967 apreement, and similar agreements between the State and other
Dl water users, recognized the State Wiiter Project (SWP) would increase salinity at
Maltard Stough The apfeement defined a baseline of 142 days of usable water per year,
biised on the average mitmber of days of usable water at (he Mallard Slough tmake from
51067, Since 1967 the av number of days of usable water™ (for the period 1967
205 has declined fo 122, indicating a 20-day (149 reduction in the number of days of high
quality water at Mallard Slough since the completion of the SWH,

Figure 316 - Average Winter salinity at Collinsvifle
Maptectk averigge safiife during e wisges Clamery et Mooty fof searer year
s creeofarsd By seater yeor typecax defimed by the Secromito 40+
denehicentin madtizveat drenssehos theny soclnde of foasi ane o

ol e Vodr

Salinity [m8/cm)

19%0 1040 1950 1060 1970

* Yislientos ao data are available

Figure 317 ~ Average Fall salinity at Collinsville
Avmao] avervge Sativire during thie Joll matiths (€ etk throngly Decemtior) jor iy years 19214
Y. Rirs are colored by weawr yeat iepe as defitied by fre Saoramyasio J030-30 ey, Girey
shwbiog Bidicaes midiizear dronghts that fuclidy at last s ceitica? water vegs

 The daty are front the USHRIOVD record of BC al Plusburg, approximatel
froan (5677008 ik thid staffon is located ipstreany of Mallard Slough
Matard Yough since the SWP was boilr may be overesumiated

¢ 2 ke upstreans of Mallid Stough
1o npmber of days of usable warer ar

Pebryary
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3.3.4. Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San |
first tong-term sampling focations fmplemented by the Stare ol C xtmma “he ‘xum
Branch™ of the DWR estimated monthly average salininy at Collinsville for the period
2002, using a combination of d-day TDS (total MWWY solits) grab samples from 1970
1971 and BC messuremiants from 1966-2002. Data from the ov wh;} period of 3 vears
between the TOS grab samiples and measirements were used in a statistical regression
wodel, and the m(mthl\ averaped d-day TDS aum;ﬂm were converted 1 monthly averag
(Enright, 2004). The resilt ni“tim rey ion analysis was a time sedes of monthly BC
vatuey at Collinsvitle for the period of 1920-200

30,

donthly Ay

e fovegr Running Average

s Rumbng Ave

EC [mSiom]

/EOSO ) 000

{2 - ' -5
1920 1930 1e4a 1950 1960 1970

Figure 3-14 ~ Observed salinity at Collinsville
Mennhdy averome safinify af Callinsvitfe (Mock dois and Baek b f it the 2omoith vuinring
arerage (red Fired cend Sevear runsiigs average (Bl live)

Figure 314 shows the monthly average salinity at Collinsville for the period o 1920
and Figure 3«15 shoss the Tong-term trends in'monthly safinity st Coftinsville
17m\irnm1x v;}!uc@ uf‘suliniw in the 1920's z\mi l‘ 307 !‘m’ ::wc«:ﬁ a’ub\«qucm s“z\?im’

water at (,nlhnwm@, mslmnui consi de,’un!_y !}unng the dry ;k’?\")()db of W"(t 5 and 1‘)3‘“ 5
monthly average salinity was heloiy 330 nS/am BC (approximately 3O mg/l oiforide for a
feast oive month o every vear  The e exception {s 1924 which s hechuge no
data were available from November through March Monthly average FC data are missing
for a poetion of the winters and springs prior 1o 1926, and data for 1943 are missing entirely

L 207

" pata provided by Chiis Enright (DWRY, persons!t commmmication,
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Figure 3-1% - Year-to-year trends in monthiv-avervage salinity at C olimwme 1920-2002
Shthly aversige sedisalsy ao Collpisville tack dorg. v it the 12 Yot ramiegeaverage fred Buel st
Serdar rumilag aveage e uc) for iddividiad wemths

Refatively fresh winters and springs during the 19207 are consistent with observations by
C&H during that time period. However, monthly EC atCollinsvitle during the recent
droughts {1976- 1977 and 1987-1993) way alwayy greater than 350 pSiem EC, except Tor ane
sonth it both 1989 and 1992, These montlly observations of EC at Collinsville indicate that
during the recent div perd 19761977 andd 1987-1993)3, BC at Collinsville was higher than
that during similar dry periods’in the 192075 and 19307s.

it and (”‘uibem(m (20097 analyzed the trend in salinity var ity at Coltinsvifle from
. Thev found increasing satinity variability in éleven of twelve imonths and

Frrig
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Althou
axtentand duration of salinit
practices than wider historical conditions. Likewi
have changed the overall annual range in salinity (.o, the difference between the huhest and

3.3.3. X2 Variability

An often-used indicator of {resh water availability and fish habitat conditiond i the Detta s a
metric called X2 X2 is defined as the distance from the Golden Gate to the 2 part-per- fon
thousand 1sohaline (equivalent 1o o salinity of 2 grams of sslt per Kilogram of warer)
measured near the channel bed along the axis of the San Francisco Fstuary Migher values of
X2 indieate greater salinily intrusion, Monthly values of X2 are estinated in (s report
uging the moenthly regression equation fFom Kimmerer and Monismith 119921

3

I3

Monthly X201 = 1222 + 032785 X200 13 17 65%log A NDO(

The K-Mequation expresses X2 (in inits of kKilometers? in werms of Net Detta Cutfow
{(NDO, see Section 3773 during the current month and the X2 vatue from the previous month
The monthly K-M equation was based on a statistical re; s {interpolated
from BC measurements st Tixed focations) and estimates of NDO fron
computer program - Hence, the K-M equation is enly valid Tor the existing
configuration and existing sea level conditions

The K-M equation can be used to transform unimpaived aod historical NDO data info the
carresponding X2 valaes for unimpaired (without teservoir opefations or water diversions)
and historical twith historical water management) conditions, respeetively

The seasonal and annual variations of X7 are dependent on the corresponding variations of
NP0 under both historical and unimpaired flow conditions (e 32113 X7 under
historical flow conditions is shifted landward relative to unimpaired conditions by
approximately 3 km During the 19307, historical MDO was often nogative, sometimes
averaging approximately <3000 of< for several mionths, This was due to relatively Tosy runad¥
and signiticant apstream watgr diversions. Unfurtunarely. the KM equation, which includes
the togarithm (base 10Y of NDO, is unableto acvount for negative vatues of NDOL In thie
case of Wistorical ow conditions. this results in high varfability of X2 in the 193075, The

i k
values of X2 under historical flow conditions during 19307 in Figure 311 are Hkely
underestimated

Figure 3-17 compares X2 under uniwpaived and historieal conditions for the perfod from
1945-2003, following fnitiation of the Contral Valley Project (T, after the completion of the
Shasta Reservoir of the CVPY Figure 3-17 shows that, compared to unimpaired conditions,
X7 under historical conditions was higher by about 10 ke during Aprit-July and by abaut 3
b during the rest of the vear, :

Salinity intrision under historical water management conditions (s, therefore, greater (M
X2y than the intrugion that would ocenr ynder unirpaired conditions. Maoreover, the switeh
fromdeclining N2 values during fall and winter months o fnereasing X7 vahues (iricrensing
salinity itrusion occurs tn March under historical water management conditfons and i fine
under unimpaired conditions. Thus, recent water management practices have resulted ina
sattier Delta with earlior occurrence of salinity inrosion in the year

February 12,2010 35 36
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ment practices aperate (o provide salinity control, both the
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Figure 3-11 ~ Location of X2 under unimpaired and historical conditions
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Figure 310 ~ Monthly distribution of distance to fresh water from Crockest
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These comparisons (and other relevant comparisons in Appendix D) show that, on average,
C&H barges would have had 1o travel up 1o 19 miles farther to procure fresh waler under
recent Targe-scale water management conditfons thar in the early 1900°s. These comparisons
also indicate that Tresh water was present Tor significantly foviger time periods, and over a
targer areq of the western Delfa, i the early 190075 than during simitar hydrological periods
ander cureent witer management conditions. Atirapt changes in safinily just prior 1o 1920
cauged CEH to abandon the Sacimento and San Joagiin Rivers and switch w4 water
supply contract with Marin County beginning in 1920 (Appendix D)

The distance w fresh watey during iadividual wet vears and during individual dry vears is
presented i Appendis T The daw in Appendix D also show that salinity has been generally
higher i recent times than in the carly 190075 and that water management has restricted the
range in salinity experienced during @ water year. The perlods when fresh water is present at
fven Tocations ave been reduced, or, in some cases, eliminated

Conclusions

The records of the distance traveled upstream from Crockett by C&H barges to procuré fresh
watet and estitnates of this distance under lirye-scale water management conditions
treservolr pperations and water diversions) show that

e Fresh water was present farther downstream and persisted for longer periods of tme in
the wistern Delta tn the eaefy 19007 than arider tedent fime perfods wity gimilar
hydratogic conditions:

e Witer mandgément praclices result fingreater salinity infrusion in the western Delta for
most months of the vear: and,

o Salinity intrusion beging carlierin the year, extends farther upstream, and persists for a
tonger period ¢ach vear

Febryary
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Figure 3-9 compares surface'’ salinity data from C&H with estimates derived from o
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 Feolagical Program (16, see hitp/fen water.cagov/dss). The location of the
380 sohaline, which approximately coingides with the C&H criterion of 50
chlovide concentiation, was estimated front the TEP measvrements by Hnear intérpolation
between the mvirage daily values at 107 monitoring stations

”I

e to the method of collection, C&H water samples

¢ assumed om near the walgr surthoe
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A ar copt ey note, deponding ok the sauree of information, e U8H Rarges ore satd (o
furve tracveled il e tide, indicating they either ok warer af fiigh téde fmoving up river on
the flesd eond devert on the eBb)or at-fow tide firaveting ageinst the tide, ks meving o
shorter distaicer. Fhis, the C&H recordds cither vapresent the deily arasimn or darity
it distance fraveled. Tn coptrsy, the distancis to fresh swater colentated flfon rocent
mienrioring date are hased on e overage Gl valies of BC measired ar fived focenieons
Thdifferency Beivween daily average distanee imd daifv miniinum or metinmgn is
appraxipudely 2o Imifex. However, sprve the differenge berveen the data fron the carky

T900°s ind the vivire recent tare peridids excced dis 7 to 3 mike incertaingy, o coclisions
hris sevtiom Fema unchonged regardtose of the spee sl travied tinting

From 1908 through 1918 0&1 wag able to coller fresh water for @ targe portion of the vear
within Suisun Bay. without having to travel all the way from Crockett to the Delta

However, a8 cary be seen in Figure 3-9, that would ne tonger be possible in many years (e g.,
20012004y

ure 3 10 shows the monihly distibution of distanee traveled by C&H barges dwring warer
yeurs 1908 throtgh 1917, and the equivalent distatice from deterniined trom obsérved data
for water vears 1966 throtgh 1973 (1op panel) and water vears 1995 through 2604 (hotom
panely. These two fatter perfods have similar hydrologie characteristies to the period of the
C&H dara ™ The monthly distribution for each dataset illustrates the seasonat fluctuations of
the salt field as well as the varability between years for each month

Dhuring the earfy 19007, the median distwnce raveled by C& M barges o procure fresh water
was fess than 8 miles in the spring (March-une)and about 23 miles (between Collingville
and Emmaton in the fall (September-October), In contrast, due to water management
canditions fron 1993 1o 2003, the equivalent distances would be 13t 23 miles'in the spring
and up to 30 mites iy the fall. 1t s worthmoting that from 1966 1o 1977, the disiande to fresh
water in‘the fall and early winfer months { Seplember through January) was generally Tess
than the equivatent distance in the early 1900°s, indicating that targe-scale water
management operations circa 1970 tended 1o reduce salinity in the fall and early winter.
However, this trend has reversed in the more recent water management period {1995.200%),
with salinfty mirusfon significantly increased over levels in the carly T9007s during ali
months

Filowre 3-10 also shows that the range of the average annual distance from Crockett 1o fresh
walter from 1995 10 2005 was appraxiviately 15 miles (from about 13 10 30 mil while the
range durhiny the éarly 19007s was approximately 20 wiles (from 6'to 25 miles), This
analvsis fridicates that farge-scale water management activities Hmit the fuctuating nature of
the salt field by preventing fresh water from reaching as far downstream as it did in the early
JO00 s,

Finatly, Figure 3-10 indicates that salinity intrusion in the Delta occurred Tater in the year
sginning in July ) in the early 190075 than under more recent e period conditions
theginnfng in March).

Hy in hydvotogical chiaracteristics between the petiods was established by approxiinately metching
bution of dnnas! Sicrameitd River flov durdivg these periads (ses Appendiv I}
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Suisun Bay. Operations by C&H required water with fess than 50 me/l, chloride
o . concentration ™ Additional detail o C&H operations and the detailed barge travel data are
3.3. Salinity in the Western Delta and Suisun Bay fietuded in Appendis £ N

Observations and model-based estimites can be used 1o examing historical variitic
salinity by the western Dielta and Suisun Bay, The abservations examined in hi
include records from the carly 19005 from the fornia & Hawaitan Sugar Refining
Corporation in Crockeft {C&H) and longeterm monitoring data published ofitine by the
Interagency Feological Program (1EPY. Estimites of satinity intrusion were obtained using
the Kimmerer-Monismith cquation describing X2 (Kimmerer and Monismith, 1992)

S

Section 33,1 addresses the hnportance of consis
spatial variability of a specific salinity level
while the temporal variabitity of salinity at specific {
33 4 and Section 335

samined in Section 3.3 7 and Section 3
xed locations is explored in Seetion

3.3.1. Importance of Consistency among Salinity Comparisons

Water salinity in this report is specified either as electrical conductivity (ECor as a
concentration of chloride in water. O is a mensure of the ability of an aqueous solution 10
carry an electric current and is expressed in units of micioSientens per centimeter {uSiemy™
Chiforide concentration is specified i uaits of milligrams of éhloride per ther of water

tmg/L). Conversion between and chtoride concentration can be accomplis
speeific empirical relationships such as those developed by Kamyar Guiverchi

Previous studies have evaluated the level of salinity in the Doy and Delta, using a varien of
satintty units (e.g. BC, chloride concentration, or concamtration of total dissolved solids in
watery and various salintty parameterste g aonual maxinum location 1000 p8k C.
monthly average location of 30w/l chloride, or dally ave s location?
Therefore, when comparing studies, s critical to usé consi ;
anid timing, incfuding the phisse of tide and time of vear. These conicepts are discussed
frther fn Appondix I

Figure 3-8 - Map of Suisun Bay and Western Deita
with tocations of continuous monitoring stations
CEH barges frovetod e estnary fiony Crickoy (Pellow stad. Locttions af IR contitstons stowitorivg
Sty g st i red, Neade i miles i pidicoted T the npper feftcorner of the map

o

3.3.2. Distance to Fresh Water from Crockett

The Catifornia & Fawaiian Sugar Refining Corpovation 1C&HY is Tocdted in Crog
thiz westérn'boundary of Suisun Bay (see Figure 3.8y, C&H either obtained its
supply in Crockett, or, when fresh water wag niot aviilable at Ciockett, from barge
traveled vpstream o the Sacramento and San Joaguin Rivers. The barges gencrally travelled
upstream twice a day beginging in 1908 (DPW 19319, C&H recarded both the distance
traveled by its barges to reacly frosh water nnd the quality of the water they obtained This
provides the maost detaited quantitative salinity recond avaiiable prioe w the inftation of
salinity monitocing by the State of California in 1920 The distance traveled by the C&H
ey serves as a surrogate for the prevailing safinfty conditions in the western Delta and

i
i

onduciance. i e | the elbctrical o Pty of the wiier solution af o comparison, e 3ma/l ¢
L as b5 standard practice industrial sater quatite standand onder

sicentration required for CEM operations fs one-thivd the concentration of the

artedt conditions in the elta
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Conclusions

tny September (and October, not shown i 371 hustarical {actual) NDO excecded
unimpaired NDO (rom about 1945 10 1975, with an increasing trend in the percent change,
Since 1975, the porcent change has shown a downsvard trend with 5 defic higtorical N " . X .
Tess than unimpaired NDOG during most years since 197% ® !.nwngimqrm data c!e’nmw:'mc; that the L}iflti@xgc between historical (actual) NDO and

. . urimpiired NDO s indreading pver tme, indicating thal water management actions have

Anthropogenic water sanagement practices have altered NDO in the followdng wi

e o - reduced Delta autflow significantly
fxeess o Tanuary . . .
N : . - o During most months, water management practices have reduced Dielta outflow relative
! - tor unimpaired condifons. Prom the mid- 19407 1o the mid- 198075, reservoir operations
Beficit : resulted By historicat (actuady NDO dlightly greater than wilmpaired N ightly ina
st : [ number of months, Targely in the fall. However, since 1985, reservolr operations have
. " resulfed in ingre SO ondy in the wettes! vears, and NDO has declined in afl other
At " v
o March mionths
o Mare:
‘ - . .
g 9 m w O averdge, water manageien{ practices have resulted i oreduced Delts outflows wall
B “*“;7*‘% months except September and Octolier, The preatest reduction i Deltd outflow relative
EE . w yninipatred conditions noturk i the wonths of March through June, when sp
g g - ! sy mele I captured inreservoiry and somie of the retnaaing tiver flows wre diverted
EE for dirget use.
= Deficit : : May
= e N
B e TR
©
&2
z g g
R
IS g‘ Excess July
8.z
25 Dreficit
43 v
B Ay
Lo -
g’@ i L
B A
& "'g“ il . ; - s
‘5 = fxcess ; . s Seépember
[, S I & & T R
L3y * ¥ " o
2 E ; . ; .
5.2 i
Fa¥huioy '“« ; %\"\
- R : : 7 o
, Drefieit . :
cess : : . November
e RPN, :
; ol .
Defieit ; : B
i {934 1ot [‘r;ﬁ("! SWZ'(” iy B Ry
Figure 327~ Longsterm trends in monthly NDO
Porcenr change of 8DO vokaive wo muimpeived o e, Cireles awdivare the pergent cliceg

vl drnnif of the poviod of recdnd Thie red B dadicates o maving S-vecy avdige of 18 p
chenige; white the Wack fae indipates the Torgetorm S irewd ovet tie entive perod of record
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south-of-Dela exports. During most months, water manag
resulted in historical {actual) NDO that is tess than unimy
negative value for the quantity (historical NDO -~ unimpai

eg have historically

fhva

rement ol

Baecause the difference between monthly historical and waimpaired become mo
negative over time, the periods of vxcess conditions Gwhen Ristorical NDG exceeds

unitapaired NDOT have become very infrequent. The enly oo
the wettest years, primarily due to releases from rexery
winter flood control stor

5 are now followd

As afsashown in Figure 3-6, water management practices also shift the peak flow periods to
carfier i the vear, The unimpaired NDO hydrograph peaks in May when snow melt
contributes to bigh river fows, with at least 4.1 MAF 10 May i 50% of the vears (averaging
AT MAF In May over all vearst The'historical NDO peaks in February with at least 2.0
MAF/month in 50% of the years (a 3.7 MAF /month over all years). The variability
hetween vears, represented by the vertical bars and “+7 marks, indicates the distribution is
positively skewed, which mdans a relatively fow yearshave excessively Tigh flows

+ | ® Uniipaned
S — * » |8 Viswiical
¢ NP0 P .
Svorige nf Mot
& of Monthdy
1 L i Excaedance |
MaK 4
3 & ’
————— * R
e SSURU PRI IR R | mediar
* . LA
min
e s
Flistorical NDO - Unimpatred NDO
ficlt T T “ o - -
. e
&
; P R SRS N . 2 . 0
1930 1340 1956 1h60 1970 e . ok .
Figure 3-5 — Time series of Monthiy Net Delia Outflow underuaimpaived conditions and G B I e e %"% .
historical (actual) conditions 8 %) N Doc Jon Foly Mar Apr . May Jun tul Aug Sep

Foie thins cosber He on vk pesid nodicages the pesidedy XPOL the hick color e iedicates o ram
Sevoor averase of the montlife NEXY gk the déshoed bl Hre indicate o Tnear

The monthly distribution {Figure 3-6) of unimpaired NDO and historical NDO for water
years 1930 to 2003 revenls that Tor all months except September and Ocrober (when NDO
fow}, average unimpaired NDO 15 greater than average wmontily istorical NDO. The
tendency inthe averdge histovical NDO toward greater flow in Seplember and October is
influenced strongly by the period prior o about 1975 when resrvadr opefations v
more flow in those monthis (see Figure 3-7 and related discussion bielow’. On dverag
[930-2003, water management practices reduced Delta outflows in the months of Novernber
through August (and inalf months since dbout 1975 sge Figure 3273 The greatest reduction
in Delta outllow rélative to animpaired conditions vecurs in the months of Mareh through
June, when spring snow melf is capiured in reservoirs and a portion of

diverted for divect use

the river flow is

Figure 3-6 — Monthly distribution of Net Delta Outflow
Bhisieitufions Gf monhlic SEC for water yéars FO3U ihrougdy J008. Monthiv averages are indicared By
e Binses sl ek civiches. KRty nodind 5 wivon by the synares, seliehe the mieygidiiie rangge is
fuelivenred by thevorneat e Jor caely menily oid the vertival grev lioe ety to fe Hith and $6ih
poveeniitos. A fvinen cie winiti vofuey are ndicated by amrks

Figure 37 shows the Tong-term trends in the difference betiveen historical {actual) monthly

NDO and unimpaited monthly NDO, Incrensed water vsage and increased divession of water

1o storige as reduced Tisiorical NDO relative to uaintpaired NDO in most monthis of the
vear Hi July (ard Angust, notshiown in Figare 3-7), the deficit Is reduced, likely due to
réservoir réleases which provide a portion of the water diverted by upstream users prior o
reservbir colistruction. The 1994 Bay-Delta Accord called Tor higher minfmum Delta
outflows in Julyand A t 1o protect Delta fish species, which should also serve to reduce
the defielt. However, historical tactual} MDO still remains less than unimpaired NDO
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Foiyuary 12

Conclusions

The feng-term observations of precipitation and unimpaived flov indicate

e Relatively wet conditions occurred in the late 1880%s to about 1917 hn bt the
Sacramerito and San Joaquin River watersheds prior to Targe-scale water management
operitions:

= Unusually dry conditions occurred frony shout 1918 through the tase 19307, these
persistent dry conditions are not representative of the average conditions over the last
V38 vears

»  Precipitation in Sacramento River watershed pm!\a en Deceriber and ¥
2

unimpaired river flow lags by about 1 to 2 months because of snow melt

Y

3.2, Net Delta Qutflow

The quantity of water flowing trom the Delta into"Suisun Bay, defined ax Net Delta OuttTow
(NDOY, iy the primary factor in determining salinity introsion'in Suisun Bay and the westers
Urtimpaived NDO s ealculated using aiimpaired Tow o the Sacramento ﬁnd San
Joaguin Rivers Section 3.1y as well as contributions from other minor tributaries
Unimpaired NDO is the hypothetical Delts outflow that would ocour in the absence of any

Lon

Because the cutflow [fom the Delta at the wide and deep entrance o Suisun Bay cannot be
measured accurately. the parameter of historical {actualy NDO {5 estimated from a daily miags
Butance of the wigksured fiver inflows to the Delta, measurements of water diversions at
mafor pumping plants in the Delta, and estimates of net within-Delta consumptive use
tinchuding Delta precipitation and wvaporation),

The effect of antliropogenic water management on NDO is iHu xtmt:d below by comparing
Mot m estimates of unimpairved \‘l)(\' ang historical (actual) NDOY ( pure 3-3). Since
unimpaired flow estimates also assume the existing Central Valtey and Delta tandscape
trectaimed fstinds, no natural upsticar Tbod storage, curfent channel configuration, etc.).
this comparison reveals the net effect of water management only. This analysis does not
address the chiange dug 1o physical modification to the Tandseape or son Tevel rise

For the period of joint récord, when bath unimpaired and historieal NDO values are available
fwater verr 1930 through 20031, historical NDO decrensed even though unimpaired NDO
e shightly. Thi Tong-term (74-year) Hngar trend in monthly unimpaired NDO (the
black dashed Hne in wop parel of Figure 337 increased omaverage 0,49 MAF/monthy: thus,
2003 the average annual umm‘mnui NI had increased 5.9 M AT Avear gince 1930 In
contrast. the Totig-term Hnear trend i monthiy historfcal NDO (the black dashed tine in
middle panet of Figure 3- 7 decreased on average -0 79 MAF month, totaling a decrease in
historfcal {actual) NDO of -3 5 MAF/year. This coreesponds (0 1 net iherease indiversion of
94 WA vear of water "mm the Dela upstream waterched refative o the 1930 tevel ™

Increased diversion and export of water have decreased historical NDO (middle panef of
Figure 3-3Y, but (his has been partially offserby a natwral increase in unimpaired NOO (top
panet), The dilference betweer historical and wnimpaired NDO (hottom panel is due o the
cumulative effects of upstrennmt diversions, reservair operations, in-Delta diversions, and

R mmg«m"d NDT doed wot naluds wate

supply imporred from (he Teigiy R

23

wported Tromn thie Trigfty Riversystem whivh is owdide the Delra

{3000, whiclh 15 an updated version of DWR (19873
front the TEPs DAY FLOW program

oy higndd

estimates of approximately 13 MAF e ol diversion from the system, which
diversions established prior to 1990 and ipprovimately T MAF vedr additional water
system
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- MET - Mount Shasta fity
- SH& - Shagts Dam

L LTt ;
= QR ~ Guiney ‘me:m Five
BCH - Brusiy Creak

SRR - Flerravitie B
BYM - Bl Canvan

~PEF - Pagifis Houss

Figure 3-2 ~ Locations of Precipitation and Runolf Measurements
Facation of sictions wied hi the déternibiation of e S-shotion precipitsion sudee i noethern
Califesraie (hefrmapy, inchadiisg the Incatton of (e (ORI, and the npitapairad S
Honr fied ststions. rghit oyt cond tosimpired

ted that the seasonal tining of runoffean
to the twtalannual runol? For this reason, it iy erf

Knowles (2000) itustr
infrusion without any change

precipiation and unfmpaired flow values are s
1921 to present) than the total annual values (generally 15

510 present

The monthly distribution of the Sacramento cight-station procipitation index™ indicates that
most of the precipitation In northern Califormta doeurs during Novémber through March
(Figure 3-3). The variability botweeh veatd, represented by the vertival bars and ~+ ™ miarks
shows the distribution ¥s positively skewed, e, execssively Righ precipitation nocurs in
relatively fow years

Figure 3-4 presents the monthty distribution of unimpaired flow for both the Sacramento and
San Joaquin River basins. River flow fags precipitation by about two months because off
storage of some precipitation in the form of snow and subsequent snowanelt 1 the spring
Mast of the unimpaired inflow fo the Delta originates from the ‘Sacramenio Basin, although
the contributfons from the rwo basins are apyroximarely the sartie during the months of late-
spring and early-summer snow melt, when unimpaired runolt from the San Joaguin Ba
penks

T P from 1971 through 2008, downtoaded from
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Figure 3-3 = Monthiy Distribution of Precipitation in the Sacramento River Basin
Distiahusion of momhdy procipitorion fisivater vears T3 through 3008, Klonifify averigges e
snclivred By the bl line swith bk cireles, Manihle mediens s given by the b squares, white e
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Figure 3-4 - Monthly distribution of unimpaived flow in the

Figure 3-4 - Monthly distribuat { unimpaived fi the

Sacraments and San Joaquin River basing

Pistrifucrionr eof monthiy whmgraicd fowes Jor wager iy 92T throvigh 2008 Xoahly averages e
inidlicieted By Wie Hoek with blick coctes, Moy medio is gieen by sl sqmeres. while the
isterauarite vaige I3 finficoged b the virtivad Gk Jor-cach monih ol the vertical grey Lo extends d
dhe (006l st Vi percentiles, Mesctmmmn amd it valies see pidicated By < ks
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3.  Instrumental Observations of the Last 140 Years indicates that (e trends fevealed in the total annual unimpairéd Sacramento River flow
{middle panel) are also evident in the total annual precipitation at Quincy (top panel) and the

Field measurements of rain and snow have far greater accuracy and resolution than the total anvual unimpaired San Joaquin River flow (bottom panell. Alternating périods of wet
paleoctimate records of precipitation: simitacly. field measuremients of salinity have far andd dry conditions are evident in both river basins, These data indicate there were wetier than
wreater acouracy and resolution than the pateosalinity records from sedimént cores These normal conditions inthe late 18007 and carly 19007, followed by severe dry conditions in
mstrumenial observations will be used to analyre in more dewd! the salinity Increase the 19207c and 193075, These were then followed by generally wetter conditions unti] the
identified in the paleactimate records approxtimately 100 vears ayo and determing i the mid- 19705

increase i salinity has persisted
g bl v
i ) ) y Precipitation at Quiney ool e ;
The first sub-section presents observations of precipitaton and unimpaired runoff in the 5 00 ' . : . : ! ;
upper basin, indicating the natural climatic varability and amount of fesh water avaitable %o ;
within the Boy-Delta walershed, The second sub-section examines Net Delta Ouiflow H

(NDOY, which & the amount of water flowing through the Delta tnto Siisun Bay, directly
affecting the fevel of salinity intrusion into the Delie. NDO is analyrzed under both
unimpaired (without water diversions and reservolr storage and releases) and historical
{actual) conditions; comparison between unirapaited and actual conditions reveats the effect P
of water management practices, The third sub-section presents ficld measufements and
model-based estinmates of salinity at various Tocations within the Deha and Siisun Bay

it

3.1. Precipitation and Unimpaired Flow in the Upper Basin

Precipitation in the Bay-Delta watérshed indicates the amount of water available within the
system, which could ultimately reagh the Bay and affect salinity condifions. However since
precipitation falls as both rainand snow, the timing of runoff 1o the river channels iy often

lageed n fow months dug to snow melt conditions. For this reason, estimates of unimpaired it
flow {runoffy are penerally wsed o characterize hvdrological variability. Unimpaired runcf?

represents the natural water production ofa river basin, unaltered by water diversions, Figure 3-1 - Total'annual preeipitation and unimpaired flow in the

reservoit storage and operation, and export of water 1o or import of watdr from other basins apper Sacramento and San Joaquin River basins (1872-2009)

o it procipifuiion Jf Oiiney by i vortheastorn Npeerved Veys psndf, woked sl ninipaived
Setcrrupeintor Kaver flow michfe penol), asd teted el ypimpadred Sow Toceprin River fln thottom
pratedh, Bt wolesr vy o panied Tadicesies fhe regiomal locatibn of the préasaféme iy, reflected it
e Fraure s Figrive 3 fo Clrey Kine withi evich
e for conli paraister,

Figure 3-1 ilustrates the total anmual precipitation al Quin "in the northeastern Sicrra, the
totat annual unimpaired Sacramento River fow™ dnd total unimpaired San Joagquin River
flow”. Figure 3-2 shows the locations of the eight precipitation stations in northem
Catifornia osed to compute the Sacraniento eight-station precipitation index (left panel} and
the measurement tocations of eight How gages used o cadcutate the Sacramento and San
Joaquin unimpaired fow data (right panel), Additional information on the anmial unimpaired
fTonws 15 provided in Appendix €

rencriniing frawex of thiv sectis
srepsred i the 10ver maving erve

Ax diseussed in Section 2.2, the totad snnua! onimpaired Seeramento River flow
stremy variability between years, both in the reconstructed and observid data

¥ Precipitidion data are from Monne of ol {7

“Unimpaired Sacrdnrento Rived flow™ 15 d
at Bend Bridge, Peather River inflow wLa
to Falsom Lake (hiyrfodeswater cd govies

“Unimpaired San Joaguin River flow™ is 5 the sum of the Tufl naural flows on the Stanistaus River
inflow to New Melones Lake, Tuslumne River inffow 1o New Dos Pedre Res o River Hiflow o
Lake MeClure, and San Joaquin River inflow to Millertor Lak
progsfiodid/ W SHHIST)

=

ined as the sum of the "ol naturs! flow
rovitle, Yaba River at Swartvills. and the Amerean Rive
propsfiodis/ WSIHIST)

CH OV
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Rush Ranch Roe tsland Browns tslang Conclusions
Suisun Marsh Buisun Bay Wegiern Delta
Reconstructions of salin

ne satinit

the Bay and Delta indicate

tncraasing satingt incraasing salinity

s Precipitation in the drainage bamt {‘m‘ San Franeises Bay {as recorded 0 tree vingg) is
y ) sriod 1932-1955:

3, increased water diver “nm have {ncreused observed salinity
c!a’d from precipitation estimates

Location of hiwvever, sinde 'z‘)
Sediment Cores abiove the Teved pred

& The Deltw was g predominately freshwater svstem for
190075, even dutiig century -tong drvughts,

rears, until the early

e The multi-century dry period identified in unimpaired Sacramento River fow
reconstrucdion is evident in Shisun Bay sediments but notin Delta sediments,
indicating that salinity did not Intrude s fav ino the Delta during pust droughts as {1
has during the Tast 100 vears

Years Before Present

/

o g o o5 Yo oo Py i # The evidence from most $Hes suggests that Surrent salinity Tovels are a8 saline as, oy
Poltu s st it moge saling than, previeus Ristorical conditions
thactiony Lsnztiony

Figure 2-5 -~ Paleosalinity evidence der wed trom pellen dat
Sediviry variahilify e dae fast 3800 vewrs at fush He PRGN
Nuisme Bay feenter paosetl, cond Brosens Telonidn the Westorn el (right poase
vepradieed from Moakasak-Roas and Pugram (2000, Tirensge shendifsg ovross v ’i/»m
to the nearly 8vec ey perioil kleatiBed i the mwmi’UHHN[?\‘{MJ’ Sacrdnema /2)\" Thay
ecunstrnction fiee Seetion 2.1 Lbeatis afeact of the sediment'coresare ifusgrared i thie map on
Hhe vight

i Kewe tefennd in
o

coprrdatds

Malamuod-Roam ¢f of. {2006) atributed the differences betiveen sites (o a combination of
methodological issues (such as sampling frequeney and core chironoloey ) and site-spect
ceological differences fsuch as site elevation, focation relative to channe! and sedimentation

rates over Hime). However, ol of the paleosalinity veconstructions based on potlen, diatoms

and carhon {Sotopes are o general agreement and suggest thal salinfty increased ghrupthy

about 100 years ago, reathing or exceeding salinity Tevels ar priy other tine in the 2500 vears -
af reconstructed records.

This increase fn salinfty may correspond to the reduction fn unimpai cramento River
flow evidenced {n the tree ring reconstructions by Meko v of. fa), which determined vhat
the 1920%s and 19307 exporienced the worst droughts Ty the last 400 yems. However, the
droughits in the 19207 s and 19307s do not appear 10 he a5 severs as e droughts between
1100 CE to 1400 CT (600 to 900 years ago’, as categofized by unimpaived Sacramento R
flonw, Yot satinity i Suisun Bay and the western TRl appears 10 meet or exceed the loy
the medigvatdroughts, indicating factors besides natural precipitation and runoff patterns
have affccted salintty in the Tast 100 veurs
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1630 to 1952, reconstructed salinity increases as reconstrycted unimpaire
flow decreases, The agreement i3 strongest in dry years, The incres
may reflect the limitations i the troe ving methads

cramento River fitgh ¢

uracy estimates to approximately the fast 400 years. A second possible disadvantage
d geatter 1 wer years of using tree ring reconstructions Tor paleosatinity is the remote focation of the trees rélative
1o the estyary. Paleosalinity estimates from treg fings in the upper basin necessarily assume
that the pretipitation patterns archived inthe tree vings are representative of the quantity of
vence of observed salinity refative o wigter that reaches the estus However, as objerved by Stahle of of andhropogenic watey
11e, 244 grid suggested that the magority of management alfeets the mmount of water that Tows thraugh the estagry,
differences are due to increased water diversions Drwing the ealibration perfod (1922-19352),
the observed salinity is typically within + of the reconstracted satinity” However,
1953-1994, the data show an ihcreasing nmd for observed salinity fo be greater than Sediment Core and Fossil Data
predicted, exceeding reconstructed salinity by over 15% in 1978 WTQ 1941, :\mé 1993
Since 1969, observed salinity has exceeded reconstructed salinity
extrentely wot years of 1987 and 1983,

Stahite o7 o, (2001 identified an iner
predicted mwm‘ruuuh salinity after 19

Because of uncertainties in estimates of precipitation and satindty derived from tree ving data,
ather paleosatinity methods that rely on loval ossils to determine local salinity have also

heen explored. Organie deposits accumulated i1 the sedimenits contain signatures of the
20 amibyient conditdons that can be used 10 {nfer the varintions in salinity over gevlogic time
scales. Although reconstructions from sediment cores have a coarser emporal resolution than
) tree rings, the variations in climate and landscape responses to change are better defined
8 " a ) geographically hecause the evidence of Tovatized climate change s preserved as a time series
Ei uritn, dtthe site of interest
% = e 5
% 0F—" : P 2 = H“ W . . . . .
& . b . Thi: San Franciseo Bay-Delra Tas been the focus o sevéral pateoclimatic reconstructions
’{3, " from sediment céires. Changes in wetland plant and algae communities are the domihant
Z -10 . : response in the Bay and Delta to climate chinge and agsociated fluctuations in temperature
[ # and | precipit tafion, Proxies of plant and algae response w epvirommentol conditions are
: : preserved i the sedimént cores and ds\crmincd by
g 1930 (40 Vasa o - oEn 1950 & quantification and taxonomic identification of

Water Year 53] diatom frustales (Byme of ol W Stareaty, 2001 Stareats, 20045,
(ify plant seeds and roots (Goman or ol 2008),
Gy plantpollen (May. 1999 Bye of o/, 2001 Malamud-Roam and Igram,
2004), and,
s measurement of peat carbon isotope ratios (Byrne of o/, 2001, Matamud-Roam and
Prgram. 2004}

Figure 2-4 - Percent change in observed salinity relative to predicted (reconstrueted)
salinity for the period 1922 to 1994

The roeagstryeted safbnice ropond By Siofile ot af 0N F averkaps with i ofir
Jrowr FOT2 1o PO Pyyriarg this peviek, the percont eliesmgge of ¢hserved sadi
seslftiiny 1$ detepmivicid oy m/uuz soed salinity roconstriciad sl Brided he rseon
witli puxitive valies indicaring wihei ofser wu seiffre Pihe recoustraiod salinity prod
The Gittibration poriid is sidicoted with Blck spares, widh the period sapside the-calibravion window Resalts from plant pollen’ids
idicitfised by red viretes. T steaiigh o T b the Binear trond i e post-culififation periad and Marsh aré sumiiarized below in
nudicating ebserved swfiniye i ivercosingle divergmg frons praficied froconstrogted) iy warsh, riear e confloence of e S

{Figure 2-8) was predondnately a freshwater
torg drowghts F?m condition ;mxask& unitil the carly 19007, The shading in Figure 2-%
corresponds to the pearly 300-vear dry period identified in the reconstructions of annual
ynimpaired Sactamento River flow (Figure 213 Atthough salinity intrusion accurred during
fhifs perfod i Suiswy Bay at Roe {sland. and during earlier long ¢ mm*ht pe fods, salinity did

sndification for three sites in the western Dielta and Suisun Bay
aure 2-5. The data indicate that Browss Island tdal
ramentaand San !oaqnin Rivers iy the western Delta
stent for 2,500 years, even during century-

These data suggest that sirce the 19507 warer management ope rattons have incr
mhmt, with an escalating ¢ffect over the periad of vecord. Tnaddition, ft isworth notin
that signiticant anthropogenic modifications to the landscape and water usage had already
ocourred prior to the 1922-1953 ealibration period (see e 1-2 and Fignee 123) Mr*‘m ih i A N N
this ﬁtlld\’;l\ unable ta evaluate the effect M'?; thropogenic modifications prior to 1953, the not affect tm: western O‘j““ 0 the "‘“‘;‘j ?V&}f’vvﬂhh U&'m.sh!d <,:mmx; i %lﬁli’;‘:h‘:ﬁsl;r:\lKm
followiig section examines salinity prior fo luman interference at multiphe sites in the Bay- gradient chamuwcnsz‘ - aml s pos: oy “UF tf”ff’ ¢ L‘U “n_?‘) inily intruston ot the vas ’
Ditta ‘ marshes that existéd i the Dedtg wntil e carly 20t Centary

Tree ring reconstructions such as Meko of o/ (2001a) and Stable of 31j have the
advantage of providing Nigh tcm;mmi resofution {Le, annualy over approximately the tast
1,000 years. However, a possibie disadvantage of this method is the age of trees, lniting

i Tebraary 12, 2010
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Figure 2-2 - Reconstructed amnual unimpaived Sacramento River flow from 1630-1977.
Al reconstructod mimparred Sacramente River flaw (5 fae it ntin pesnef el dnsen) for ihe
TA3E b TO77 4hi prerioed was ideniifiod hor 8 leke ot gt {2 oy The st sccaee period of
rieppastrnctivon. fiset penel (Hustrates H Fiser vl St sond veenmsirected Trey
wnimynied floves during e overkip poriod e wmean of the sl P o 1630
(97705 477 MAL o fddasled Borizontal Tine in min peneds. The Ssvar comered raviig
tibiick soliid Bune ke i1 i purield ittustrcitey diedéeadal sropds

RIS

Meko of of {2007 a) identified the severe drought periods in the reconstructed Sacramento
River flow record (1620-19773 by computing the fowest n-year moving average. For
immncc o dum‘mim’ thc most | mc(» year dmum( c‘&u viu’ s

fied the towes

Y ‘;02'\ § m fate 19307s éxperfenced
v dtoughts), both ththe

twnnstmclui and observed recm‘ds The mh&cr\ *d h’mtg;h!:\, i Table 2.7
through present (1906-2009) using the same analysis: this update did not ¢hany
time periods identificd by Meko o of. The reconstructed record of unimpaired §
River flow shows the period from early 192075 (o e 19
drought conditions since 167 ¢

§

ramento
some ol the warst

Table 2-2 - Periods of drought from the reconstructed and observed records of
waimpaired Sacvamento River flow
Neverse draught periods i the reconsteneied Sacromeio River flow pecord (18301
determined hy Meko et of (300 gl By compatine the Jew eS8 umreay maving average of the
receistetted cunial ummpmml Setcrainentiy River flin i semsc sigsthonf gy 5ol 1o detrngng e
st severe dronglus of e ofisorced recored (P69

Period of Jowest #- Year moving average Sacramento River flown
-Year 3-Year 6-Year t0- ‘x’ o ”’UV\{'car 50-Y enr
Reconstruction {7750 1929 w 1812 to
(1630-19773 1924 1778 1934 1961
Ohservations 1990 1o 1979 1o 191710
{1906-2009; 1a77 1947 1934 1a66
Conclusions

Reconstruction of unimpaired Sacramento River flow indicates:

e Annual precipitation is Ty
can be very wet,

Fuen doring Tong dry porinds, indiy

al years

a The Sacramento River basin experfencer! a mufti-century dry period from abouwt 1100

CE w1400 CE

e The drought perfod in the [9207cand 19307 rep
condittons inthe last 400 vears

sonts some of the worst drought

Febrogry 12,7010 13

2.3. Reconstrucied Salinity in the Bay-Deffa Estuary

Tree Ring Data

The fnteraction between saling ovean water from thie Pacific Ocean and {resh water from the
rivery flowing into the Delta dc*mmmu the amblent salinfty condifions in the Delw and the
Bav. Estimates of histarical precipitation devived from trek ring data can therefore be used wo
estimate the corresponding salinity conditions in the Delia

Stahle ervd 120011 used free ving chronologies frony blue ouk trees located To the drajn
hasin to Son Francisee Bay to reconstruct salinity at the mouth of San Francisco Bay.
Recognizing that o number of factors infTuence salinity other than precipitaion (estimated
from tree ringsi. the authors chose a time perfod prior o substantial water development when
the salinity data were Tairty constant In mean and variance. Durng the calibeation perfod
(10721957 annnal tree ring growih correlates well with average salinity near the Golden
Gate Br 0814 Using this wransfer function, Stahle er o/ (2001 réconstracted annual
average Januarys 10 Tuly 1y for all vears 1604 w 1997

2
g
2 E B
< .
5 *u om
"
PR
"
LR
o ;
& vt I
e E i i 20 h7 3t 35 40 45

Recanstrocted Annual Dhimpaired Sacnmento River Flow [MA

Figure 2-3 ~ Reconstructed salinity near the mouth of San Francisco Bay compares well

with reconstracted wnimpaired Sacramcnto River flow in the upper watershed
o ceclt vedw frinn TR ko 1957, IR el sitmpedred Servemuento River flene (from Meke eral.,
HitEEb) s plotied ettt i compaed qeesage softnity or Vot Painl {from Shilite ofal. 20015

As slown in Pighre 2-3, the salinity reconstruction by Stalile ef o, (20015 compares well
with the unimpaiied flow recanstruction by Meko er o/ (3001h) The data follow the
expected inverse exponential relationship between fow and salinity. Dver the period from

i Fehpary 17, 2010
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1906 1o 2009 of 18 million acre-fo

ret per vear {MAF/ vy The recostructed record shows Meko vr e (20010} indicared that for their 1100

rear reconstructed period, the 1630-1977

alternating periods of wet and dry conditions and 15 cmw'ﬂzm with historical drouy na such data aremore reliabile than the earlier thing peried, because o Detter availability of trecsring
as the drought tn the Mono Lake region m California in the medieval perfod. around 1150 information and superior regression model statfstics, Fraure -7 shows the reconstructed

reported by other patenctimate al; ‘.mc.»”{wuz.\ of af., J006) ed Sacramento River fow front 1630 1 1977 from Meko o of

\ha\w there is a wmd mm% hctw(;cn the reconstructed

s of anoual unimpg
! xmct Vn F-

As indicated by the shading in Fi 2.1, the drivst o i drot
River basin in the fast 1,100 years occurred from approsimately 110
the Sthyear avernge ﬁow was seldom above norwal for nearly 00 vears Followlng this

draught, conditions were relatively wet (from approximately 1550 CE i 1€

betwenr ﬁw £ ma!mf:!cd and oh, spved recards :ﬁ‘nm W(N& o 19773

CEY The Mudti-decadal pedinds of shermating wet and dr¥ conditions arc porvissive throughout the

tiniing of these droughts and wet pedods will b compared to paleosatinity records in the reconstrueted fecord. Tl wet condftions of the late 180075 and varly 19007s. whicli were
Tollowing section. follawved by severe dry conditions in the 19207 and 193075, are consistent hath with

abserved pr
250, | s ) : . . g

sitation and estimated Sacramento River ronoft for these time periods (see
ction 3 and oith Drerpture repores of bistorical conditions (sce Seotion 4%

rage Ruroff )
e (i ey el Recansiugied

48 - ! - .
')i%) H ) Rt 20 ER ) st FHA 10608 [t
g 38
b
<t
]
é’: 38 4
b
@ o
5 ESN
e fe L3
S g
= e
z,
34 P 20
o 2
-
H g 15
i o oy
| i
‘ 1
3 ; |
0 IO § 100 B TR jang P53 FO0G Py GO0 5
Water Year E ucted
05y - W FAVErage
“ Average of 1006-2005 (bserved Rinofl is 18 MA o ui"(‘(‘}f‘f}{ g o7 5o
i ,
Figure -1 - Reconstructed annuatunimpaived ‘mm’mwnm Rtw; ﬁ()\\ 869 C¥ to 20(}9 ( LA LTGRO 178G 1830 1880 1450 1980
Asnnid recousteucted aninpeired Saceéminte River fl A3 ] ALY 83 aab 3 ph
e alserved pawfl e FOBG g 2009 Munes sertaed vl im’ fm Hetwven vears, The
crnsiing average (thick Klack tme) illismates there swere extendod periods of abmss funJ hidfoie.
seariprd] et eomditions. Fhe oringee hadiseg Bightiafis ot eNERded diy pesiord el reconsiru /“/
winipaireid Sacrepsato River dasawhet the 3t year averiage flon ix soldom ateve sorinal for s
300 yoars, Dt for §69 ¢CF e 1905 CF wiie drnetidd Fo Nibe or als (2007 B3 chaed far 1
#2000 CF e abserved vocosds from e € ok FEER 20045
ebruary 17, 7010
Felruary 12, 2010 it 34 Fepruary 12, 201€
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Approxinite

3 N . Spaviet 1 O INGT -~
2. Paleoclimatic Evidence of the Last 10,000 Years Thme Peviod Prevaifing Clinte and Geomarphology
N . N N . . 4 Ko tor 2k = Codling trend with incregsed predipitation
Paleoctimatic evidence from the watershed of San Francisco Bay (Bay) and Sacramento-San OO BCE 1 1 OF s Large flood occurted ~ 3800 vears ago (1600 BCE)
Joaquin Delw (Delta), obtained from prosy information such as trae ¢ ’ =
deposits, provides a history of conditions before meder direct fnstramiental observations Y F Frend womoreand: dry wndtimm

Evidence ol iajor regional elimatie events that represent long-torm wet period and drotght
cycles will be discussed, followed by discussions of Dielta watershad runoff and Delta
salinity, as measured by How and electeical candoctivity instrimentation

G 6kt 07 ka = R ehtwm\ cool dnd wu mmmmm
. . , ., 1400 CEio 1800 CT w Numerous ¢pisodes of extreme flooding
2.1. Major Regional Climatic Events ; * Includes “Litte fee A (1400 CE 10 1700 CF)

Sutramento River Basin:
md inthe fast 420 vé

wered onthe 19307

vear period in the | st 370 v *a S
01936 OF)

The modern Bay-Delta is relatively vouny s terms of geologic timescales. The estuary
started forming around 800010 10,000 \mzmw(w(/\!w ey of ¢f, 1979), whien rapid sea fevel
rise allowed the ﬂu‘m to enter the Golden Gate. At this time, there weas no Bay or Delta, b
sumply river valleys. Ropid sea Teved rise continued, such that approximately 6,000 vears
ago, the outline of San Francisco Bay, including San Pablo Bay and Suisun Bay, resembled
the modern extent, At about the same time, sea fevel rise sfoved to a more muderate pace
aftfowing tidal marshes to begin to form

A wumber of scientific studies have uscd palea-reconstruction wehniques to obtain long-term
{decadal, centennial and millennial time scale) records of river flow ey, Farle, 1993; Meko
e el 2001 and salinity of the Bay and Delta (e.g, Tngram and DePaolo, 1993 Wells and
Gomair, 19952 togram ez of., 1996 May, 1999 Byrne o of., 2001 Goman and Wetls, 2000,
Starratt, 2001 Malamud-Roam and Ingram, 2004 Matamud-Roam o of. 2006: Malamud-
Rioam er ol 2007, and Goman o of . 20081 The reconstructions described in the following

Malamud-Roam o of. (2007) review paleoclimate stuidies in the Ray-Dielta watershed,
summarizing evidence of climate variability through the development of the present day. Bay.
Delta system (Table 2.1}

sections Tocus on the 2,000 vears beforg present. Ay fndieated in Table 2.1 this period wae
Table 2-1 -~ Climate during the evolution of the Bay-Delti estusry relatively dry with two extreme rm(ma! droughts, followetd by relatively coul and wet
Orvervien of precipuiion, teayreratnre, arid Soa fovel conditions dirig the Jast LK veers asod on conditions during the ~Little Tee Agel” thon by a retum of dry conditions ut the early part of
dletter o Mebeanned-Hisinn of b L3007} aned Mok o1 o 1220011 Fane gieriods v givés i fvms o the 20 Coantury

snber af veers g

vl ces age, ek for 1R
catemndar systent Ve shadig ndivenes rilgtively dry periods

3 At eed e Cenvanieny Fra o8

PO —— 2.2. Reconstructed Unimpaired Sacramento River Flow
e , Prevailing Climate and Geomarphology

Time Period Meko e ol 2001461 used tree-ring chronologies in statistical regression models to
10 katod ka »  Rapid sea Tevel rise reconstruet time series of annudl ynimpaired Sacramento River flow" for approximately the
000 BCE w 6000 BCE % Ceean enters Golden Gate past 1,100 vears {for the perfod 869 CE - 1977 CE). As discussed in Section 1.2, unimpaired
s San Francisco Bay i% just a river vatley fiow is an estinmate of the fow that would oceurin the basin without the effects of water
= Cooler than 20th Century, bt hvmmnm warmer and management activitiés,

The { 100-vear record shotvs strong variability between individual water years (Figure 2- 13,
with dmm.ﬂ fow ranging from approximately 8% of average to 265% ol average. where
average i defined here for practical purposes as the average observed unimpaired o from

Nk of af {3001 used the anmuat unimpatied flow veeord for the Snocsmento River provided by the Depaitiment
of Witer Res which s the s of the Telfowing Tow of the Sactamento River at Blend Bridge, inflow of
The Fm{?m !lnm mi x\l\t (‘hmn”v hm of zhu ¥ um Ruc M Qmasmnu md the i‘m» (ﬁ the American River 1y

s stodfies of this

Fehruary 12, 7040 o Hx Febraary 17, 2010

LYSTIYIDTY



1.3. Objective

The objective of this report is 10 answer two major questions regarding the historic
of fresh water and salinity in the western Delta and Suisun Bay:
{. What was the extent of fresh water and what were the salinfty conditions prior to farge-
scale reservoir operations and water diversions (1., prior to eardy 1900°¢) and prior 1o
struetural changes in the Delta tie., prior fo the T86075)?

1. What are the effects of Targe-seale water management practices {reservoir operations
and diversions? on salinity conditinns in the western Delty and Suisun Biy?

1.4. Report Structure

The remainder of this report is organiz foltows:

Section 2: Palcoclimatic Evidence of the Last 10,008 Yequrs

Estimated river flow data and salinity records forthe past several thousand years have been
atstained from palecclimatic records, such a8 tree vings and sediment cores. These recards
capture the hydroctimatic variations over decadal ind cenennial Hime seales andd are wsefidt
tools in onderstanding the freshwater flow and satinity regimes before modem
nstrumentation.

Section 3; instrumental Observations of the Last 140 Years

Long-term precipitation and river runoff records front the 18707 to the present provide

context for the salinity observations. Climatic variabitity of precipitation and ronoffin the

upper watershed has o significant influence on salinity intrusion, with greater satinity during

dry petiods and lower salinity durlng wet periods, 1] fm example, the salinity 18 greatey or

less than what would be expected based on the watyral clmatic variabitity. as measured by
untimpaired ronofT, other factors must be influencing salinity iitrasion

Reservoir operations, diversions and consumptive use (collectively wrmed ~water
management™] alter the amount of TunofT from the wpper watershied that actually flows out of
the Defta. Observations and connmon computer wiodels are u s the effects of this

the Sufsun Bay) and on salinity in the western Délta and Suisun Bay, Obse
measwements of salinity indicators by the California & Hawaiian Sugar Refining
Corporation (C&H) from the early 19007 and Tong-term monitoring data from the
Interagency Feological Program (1EP). Modeling tools include the DAYVFLOW program
from (6P, the DSM2 madel from the Califormia Departinent of Water Resnureds, the el

5 X7 is defined as the distance from the Goliten Gate to the 2 pasioper

ved along the axis md a3
an indicator of freshwateravallabilhy and fish habitar conditinns Tn the Date {0 with
1098}
Febivary 12, 2010 7 ]

eauation {Kimmmerer and Mondsmith, 19927 and Comrra Costa Water District’s salinity
outflow model Talsa referred 10 as the (- model} {Denton, 1993 Diénton and Sullivain, 1993,

Section 41 Qualitative Observations of Historical Freshrwater Flow and Sulinity
Conditidns

Cuahitative observations on mlimiy coniitfons in the western Delta and Sufsun Bay from an
uhts fnvsuit and fom Garious lterature reports are disoussed 1o provide o

ﬂ»e salinity conditfons prevailing in the fate 1800°s and early. 19007 Hw
‘)“’() h\xwmt h uj &a\ the 1 oWh ol ‘\mmci mmm st upc;lxcam irrigation districts allegex
salfuity intrusion at Antioch {
) erfmxw arid festimory from (he Tegnl
pmcmdmaﬁ Fits mdwmw of the salinity conditions provailing in the caidy 190075, a3
fiterature repons of conditions i the western Delta and Suisun Bay These reports contain
both qualitative observations and anecdotal information regarding Nstorical salinity
conditions.  Because (he praceedings were ndversarial in nature, this report focuses on the
testimony of the upstream inferests, who were Tiving to demonstrate the extent of salinity
intrusfon I the Delta prior 16 their diverting water. Note that the Supreme Court did not base
its final decigion on'the evidence of whether ornot Antioch had continuous atoess 1o fresh
water The Court’s devision was based on the State policy @ fregate ax iuch land as
possible for agricubture: the Cowrt did not pass juduiment on the ¢ ¢ of e witimony of
eitherside

setion S Conclusiony

This section svathesizes the findings from Sections 7 through 4 and presents the overall
conclustons regarding trends in the historical Delta salinity

Febiuary 172, 2010
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The relatipnship between X2 and estuarine habitat is discussed in detall in Jassby of o

Reservon! Capacity (1995

gutations apply throughout the year and bave modified how the large-scale water
dranagement resevvoirs and export Tacilities are operated. For instnce, dclta smielt way ligted
asw threatened specivs under e federal Fndangered Species Actin 1993 dnd Sacrarmento
River winter-ruf sifinon was Hsted as endangered in 1994, The subsequent biotogical
opinfons, 1994 Bay-Delta Accord, and the adoption of'a new water guality control plan by
the Stite Water Resources Control Board in 1995, required increased resérvoir reldases §
some months for emperature contral in the Sacramniento River beloaw Shasta and 1¢
control in Suisen Bay, They afso applied additiopal Himits on pymping af the export §
in fhie south Delta

weilities

T-Dictia Agriculiuro Diversics igns i Exiorts ; ‘ | Changes in water diversions and reservolr operations have altered the magnirude and timing
o : : ) ) I W " of river flows 1o the Delta, and anthropogenic modifications to the Delta tandscape have
%?\(V:\ i}‘&“iwm ' altered the interaction of frosh water from the rivers with salt water from the oceah, thus
; changing patierns of salinity intrusion into the Delta

’ i : . ] o ot . . e 7 i f“‘ FHi

: . ; Regulatign Milestones Affecting Water Management 1.2. Comparing Histo fcal Conditions

; P ;

’ . v Water Ry « P e . . - .

: Vo ; Wates quatity st o :‘““ Rights Dg Flow and salinity conditions prior to huimnan interferefice v cording to seasonitl dnd

1 H i + o eality stipdands I8 N % i .

: Lo . IWHM,( ”%1 (mem,{, saliity madaoamient annual hydrological conditions, short-term and Tong-terny drought cveles wad othier nataral
a { H ; . , . . changes. so “natural” conditions include variability that must Be considered I any analysis,
g : : ; Congross approves the CVI fnprove Hudrotnute variabilite fs described by “unimpaired” runeff, which represents the natural
Ee : M M ¥ . P e i o . = . . =
& P Cob o dedicating up o 300 TAFvear for st and wiid! water production of a river basin, unaltered by water diversions, reservolr storage and
- [ S BayDeln T Tep— cciives operation, and export of water to or import of water from offer basins,

: Lol for fishiry protection and salinity maragement

As di ed ghove, la cale water management operations during the st 100

: [ New opertioldt reseictio
. Lo Loy { Lo o protect delte smelt mdd silmon superimposed of the anthropogenic modifications to the Delta tandscape have stgnificantly
R T Tt T T T R T TR R e e e 2o chatiged Delta conditions, 1t is possibile to remove the effect that water managemént

eperations have had ow flows and generate a corresponding s of unimpaired Mows
However, it is not passible, without complex assamptions and modeling, 10 alsy remove the
addditional effect of the fand use, channel and tidal marsh miodifications to the Dela

Figure 1.3 ~ Chronology of anthropogenic aetivities that affect water management
Reservodes (top panel) enlirvigated crops o e Central Valley fsecond peare i odior the fi [T

gt of wewrer flow fspoaelt the Ditlia, Diversions amd exports wishin the Deltier tdard ponicll
gurther redine e dmonmy of sarer to fone drosgly e Tidliss b Sufven ey Reguliitions thi
) reqnive madifications Fovarer pdngem i aoiivities o mec spoctfic Jne s waier gl The historica! conditions presented fn this report have been determined from records in
pbjectives pateochimativ fussils and measured divectly with varfous scientific instruments.” The
pateoctimatic-data start well before human influence, but continue through the 20 Centory
s v 3 s s} < . . - - g
Figure 1-3 also presents the timeline for recent regutatory milestones that have affected Delta when anfhropogenic modifications became significant.
water quality. Salinily management was dominated by water quality standards to protect
Yeltn aoeie o H sis T the 1978 Water OluaHiv Contre - . . e - "
Delfa agricuiture and municipal and industefal (M&T) Gses t the 1978 Water Quality Control Because of Ui natural hydroctimatic varfability, wo past hstorical period may fully represent

Plan and State Wiiter Resources Contral Board (SWRCBY )\.uxmn 485 The Ray-Delta atural” conditions. Therefore, this report summarizes the available historical safinity
Accord of 1994 and stbsequent SWRCB Water Rights D m 1641 made Tishery infovmition with reference o the thne pevind of the observations: and then compares each
protection ilhg dominant fuctor Tor salinity management with new estuaring habital or 4 peviod 1o the salinity regime during present day periods with similar upstream unimpaired
Standards™ from Februbry tirough June, with mintmum outflows for the remainderof the %wdm!ng\x Where there are significant changes in salinity. despite similar upsircam
uﬁimpaiwd hydrology. other factors such as landscape modifications and water management

N v disranice. in Flomsters Font the Golden Oate. £ ool il ¥ o o wsand & e A N ; i
X7is iht,’\fxsmmu m”h‘h mstery font .iic Gaolden Ciate, to the Toeatfon ol the Y part per thouss fine A aperations must fe contributing Factors
targer X2 mveans sibinity bas intruded Guther o the Ditia

Febraary 12, 2030 8 & Febiruary 12
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The salinity copeentrations fn San Francisce Bay and the Delta are the result of tides thay
move seawater into the system and are contrelled in targe part by the ameunt of Tresh watey
passing through the system {Denton, 1993 Uncles and Péterson, 19968 Knowles o7 of . 1998
The salinity distribution is driven by the motion of the tides, whicli convey oceail water into
the systeny oo the flood tide and draw a misture of ocean and river water back out again on
thie ebb tide. These tides acton natural divmal trepeating twite per diy) and spring-neap
(repeafing every 14 duys)eyeles driven by the gravitational forees of the sun wnd modn
{Cmann and Simpson, Y997 Burar o7 of | 1998

Other factors affecting Bay-Delta salinity (discussed in Appendix A} may be smaller but are
not insignificant. When comparing historical salinity conditions in the Bav-Delta watershed,
it i often helpful to compare periods with similar hydrological conditions so that the chan
due 10 other factors can be discerned. Thic wilt reveal i there 15 an anomalous change in

salinity, even if the specific cause of that change in salimity is not known

Major anthropogenic modifications to the Delta that afféct safinity intrusion beyan with the
European setffement of the region and can be classified into hwo categories: physical
modifications of the fandscape (.., removal of tidal marsh, séparation oF natural Roodplains
from vallgy rivers, construction of pevmanent artificial viver channels, and land-use changes
and water management activitics (c:g. diversion of water for direct agriculture. municipal, or
industrial use, and reservolr storage and reloase operations)

As shown in Figure 1-2, ddal marsh acreage in the Delta decreased significantly from nearh
346,000 acres fn the 187075 to toss than 25000 acres in the 19207 and Bas since continuad 1o
en after hydraulic mining for gold was banned in California i 1884, large
quantities of mimin M)! s contimied 1o be carried by amelt inte the Delia, where ifwag
deposited as sediment, filling channels in the Delta and Suisun Bay. Betveen 1887 and

1920, Suisun Bay became an erasional envicommentand comtinged o lose sedhment (h*'cs +

1990, Eoright and Culberson {20093 discuss the effects of the changes ty Suisan Bay
bathymetry ou salinity intrugion. Major dredging projects oi'the main Delid channels to
create the Stockton and Sacramento Dieep Water Ship Chiannels (DWSC) have also changed
ho flows and, theretore, salinity are disteibuted !hnmgium the Diehta,

Fach of these factors has changed the salinity regime: Yoss of tidal marsh fands has atfowed
increased tidal energy deeper into the Delta, incrensing vida! flows and salinity disperston
(Enright and Culberson, 20093, net erosion and incre depth within Suisun Bay lkely
increased dispersive transport of salt up the estuary {Encight and Culberson, 2009, and
deeper channels allow incrensed salinity Intrusion due 1o mereased baroctinie cireulation and
ingreased tidal Tlow and dispizesion

wve Tt Tess effect on salinity iritrasion in
ment activities that have resulted in large-scale

e and agricultural, domestic, and industrial water use
(Nichols o7 of, 1986 Knowles, 20025 As will be seen in data presented o this document,
early diversions before large-senle storage projects resulted in greatly increased salinity
intrusion. espectally it the stmmer irrigation season, peaking in September. Later, veservoir
operations reduced salinity intrusion T the summer and fall, but incréased Tt fn the swinter and

However, these physical modification
the Delfta than the major water manay
diversion of water for reservoir stor:

o

Febrary H2

e up undl the mig- 19807 Subsequent water operations have resulted in fncreased
salfnity inirpsion vear round
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Figure -2+ Chronology of Anthrm)nﬂcmc maodifications to the Bay-Delta Lmd«m;w
Here-Dolte Tdsdveapie Tees swgderseont sighificens chaiges sinee the w4800 s, Tiked Wil v
(rogr a1 hens Bueenr stgniftconitly redaced Clate fom Atwrster, efed 197900 Sisun Ben received o
pubsesfdiment from Fydeaartie mining i di¢ fate 18T taddle penel]. Bt fose sediient from 1857
tr J990F fedantis froms Cappiotia er el J999) Kamioroas efforis s wides caof deepes e e chanriefe
within e Tl Tve nccurivd thronglies the X000 e thetionm o)

The Targest resérvoir of the federal Centrad Valley Project (CVP), Lake Shasta, was
completed in 1943, and the Targest tesdvolr of the State Water Project (SWP), 1
was compléted in 1968, Total apstreans reservoli storage capacity ingrensed from | MAF in
1976 16 morg thap 30 MAF by 1979 The UV bepan exporting water from the southern
Dietta through Tones Pumping Plant (Tormerty known as the Tracy Pomping Plantyin 1951,
and thie SWE hegan exports through Banks Pumping Plant in 1968 By 1990, the combined
export of wy ﬂc‘r from the southern Delta through the Banks and Tones Pumping Plants was
about 6 MAT per year

Figure 13 ghows that the greatest incréase fn upstream reservolr storage occurred from the
1920%s through (he' 196075, Prior (o the congfruction of major wter mnnigement reseiviirs,
irrigated acieage grow (o ahout 4 MAF, The construction of the reservoirs aliowed irvigated
aeréage w increase to ahout 9 MAF. Since 195, when the first south Delta expont Tity
was wmp[ stodd, annual diversions from the Delta have increased o a mazimum of about 8
MAF: totad annual diversions from the system are estimated ab up o 15 MAF
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1.

Introduction

1.1. Background

The Speramunto-San Joaguin River Delta {Delta) s fed by fresh water frond the Sacramento
River and the San Joaquin River basing (Figure 1- @ Delia is connected (o the San
Francisco Bay through Suisun wad San Pablo Bays, und the movement of swater bask and
forth between the Delta and the Bay results in miixing herween saline water from the Paci
Oeean and fresh water from the rivers flowing into the Delr The extent to whicl salty
acean water intrudes into the Delta is a flnction of natural processes such ag ocean tid

ind
precipitation and runofT from the upstream watersheds: 1 hag also been greatly influenced by

arthropogenic activities (e g construction of artificial river channels, removal of
removit of Tloodplain connecrivns 1o channels, despening of channels Tor navigation
purposes, reservoir storage and release operations, and water diversionsy

mwarsh,

(i

Proposals for stgnificant additional alterstion of Delia channels and marshtand, of flows
within the Delta, and of reoperation of upstream res
part of the Bay-Delta Conservation Plan, which huilds upon
Blue Ribbon Task Force’, and others fe g, see Lund er 6l 20071 To understand the contest

—and effect of those proposals, it is Important w accurately understnd the bistorieal condlifons
previpusly experienced by Delta species

An analysis of the salinity trends and variability in northera Sap Franciseo Bay since the
1920%s and the factors controlling those salinity trendg has recently been published (Fncight
and Culberson, 2009, with a focus on a comparison of pre- 1968 salinity and flows with past-
1968 conditions. This report includes analysis and review of veports, data and information
fromy the peried priotto Baright and Culbarson™s anatysis, and fncludes the eview of saly
trénds using pateohistorical die.

Fhstorically, reproduction of mast species in the Pay-Dielhia (biotic preduction phase)
occwrred during the high-flow peri pring ) and biotic reduction occurred in
the Jow-Tlow periods (summer and (a1 (Baster o7 o, 2008, Multhvear wet periods moss
likely resulted in population increases, wheress dronght peripds Ukely resulted in reduced
reproduction and increased predation. The recent report om Pelngic Organism Decline (POD,
Raxter ef o/, 2008} indicated that reduced ow variabilily under the current water
management conditions may have exacerbated the offeers of predation on the population
’ Native species of the Bay-[

abundance of pelagic fish species in the Bay
systemi adapted to the historical
management practices and phy
the Dielts provids Insight into the response of fish spegies 1o proposed oco
actions, and the response of specivs o futurs chavges tn climate or wi

i

eita Vision Blue Ribbon Task Force was appointed by Califorain Governor Arnold Sehwarzen in Pebny

2007 and adopted the Deluy Vidos Sieategic Plan i Octobe 2

Februsiry 12, 2010 !
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Conditions in the Dol during *hc )
conditions for ydrologically &
Farther indo the Deltatoday
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h fresher than current
ploatly intrudes 3 1o 15 miles

4. The historical record and published stidies voiformiy demonstrate and conclude the
Dielta i now managed ar a salinity fevel that is much Righer than would have occurred
under pre- 1900 conditions. Operation of new reservoirs and water diversion Facilitie
sabmity management reduces safindty intrusion somewhar, bt the Tevels sl excied
1900 salinities

for

5. Seasonal and inter-unnual varfation in salinity has also been changed: hovever, this
change is fargely the result of reduced fFroshwater ows i810 the Dot At a v given
location in the western Delta and Suisen Bay, the percentage of time durin {
when frosh water is present has been greatly reduced or, in'some cases, largely
climinated

Background

Flows and water qm!nv in the Sacramento-San Joaguin IDx
By freshiwater inflow from the rivers, by the ¢ o Bayand by salinity from
Bay waters. Prior to human influence, the historfeal di \tmmmm of salimty 1 the "Mm was
controfled primarily by the seasonal and hiter-annual distribution of precipitation, the
seamorphalogy of the Bay and Delta. daily fides, the spring-neap’ fidal cyele, and the mean
sen fevel ot Golden Gate, Extended wet and diy periods are both evident in the nstoricad
record Bince aboul 1RE0, a number ol moephological changes to the Delia landscape and
operational changes of reseivoirs ang !mu tiversions have affected flows and the
distribution of alinity witliin the Délta

a {Defta) are strongly fnf*mmcf:d

Between 1860 dnd 1920, tiere wag
(13 . marsh fand was rectained,
{1y hydrautic mining coused extensive deposition sad then erosion of sediment. and
{11} Delta channels were widened, interconnectod and deepened.

ignificant modilfeation of the Delta by humans:

Large-scale reservoir construction began in about 1920 and continued through vhe 19707
changing the timing and magnitude of Tlows o the Délta. Large voltmes of water began 1o
be diverted Tor agricultural vse upstream of and within the Delfa i the same time per
more recent Hmes, Californin™s Delta water resoarces have béen ovtensively mianay
meet the water supply needs of the Stare”s municipal, idustial, and agridaitom! w
with atlempts madé to also provide Tow and watey quiality conditions w meet fishery needs

Proposils for sipnificant addivdenal alteration o the Delte and of flows within the Delm
currently being developed as pirt of the Bay-Delta Congervation Plan progess™ To

! Dusing a spring tide, the gravitationat forces %
the high-Tow fidal range is greatest, Uhuring n neap ride, the g
not afiged and die ridal range 9 i fowest. The spring
tvcz\k neap fides and back to spring tides. in San Prancise

T wven

mg spriiig m!m !$m
Cabont td days

cnnba v

Pebruary 12

understand the ¢ffeet ofthose proposals, it is important to accurately establish historical
conditions. For example, for ccologieal restoration 1o be sugoesstul, it is recessary to
establish and understand the conditions t which native species have previously adapted and
survivid fn ordér to predict their respomse to Riture changes in ¢limate or witer management
This report uses available datd apd iwodeling to ¢xamine the consequences of structyral
changes i the Delta (chanactization, chignne! dredyingy, incredsed diversions of water
upstream of the Delte, reservorr aperations, slimate and sea fevel effects, and othier factors on
Dredta salinity.

Objective

The obijective of this report fs (o answer two major questions regarding the historical extent

of fresly water and salindty in the western Delta and Suisun Boy:

L What was the extent of fresh water and what were the salinity conditions prior to large-
scali reservolt operatons and water diversions (e prior toearly 1900°s) and privr
structural chianges in the Delta fie, prior fo the 18607517

I, What arg the effects of largesseale water mandgement practices (reservoir operations and
diversionsyon salinify conditions in'the western Dehd and Sulsun Bay?

Approach

Available data were used w characterize historical and present-day fresh water extent and
salinity intrusion into the Delia. The data exumined tn this report include palechistorical
records fover geologic time scales) of river TTow and salinity (Section 2}, instrumental
observations of hydrology and salinity {Section 33, and Titerature reports on the exient of’
fresh water in the Deldia (Section 4. Additional details and supplembntal information are
presented in tiie Appendices to this report

February 12 2018
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Executive Summary

The historical record and published studies congistently show the Dl s now managed at a
salinity level much Righer than would have o ed under natyral conditions. Human
activities, including chanrelization o' the Delta, cltimination of tidal marsh, and water
diversions, have resulted i incrcased salinity fovels in the Delta during the past 150 years

ult Widter Problem, Sus Frangiseo Bay
April 1928 pp 9-10%

Fighty years ago, Thomas H. Means wrote {
Db of Sacrumerie and San Jocguin Rivers!

“Under watural conditions, Carquinez Straits marked, approximately, the
boundary betweusn salt and fresh water in the upper San Francisco Bay and
defta region of the twor tiibutary rivers—the Sacramento and San Toaquin
Ordinarily salt water was present below the straits and fresh water was
present sbove, MNative 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 wiater wieder natural conditions did not
penetrate Wiyherapstream than the mouth of the river, except in the driest
years and then only for a fow davs at g time, {5 warranted

AL present [1928] salt water reaches Antioch every year. in two-thivds of
the years runiing further [sic] upstream.  [Uis to be expected that it will
continue to do so in the future, even in the years of greatest runoff In
other words, the penctration of salt water has becoms a permanent
phenamenon in the fower river region

The cause of this change i salt water condition is due abmost entirely to
the warks of man”

fn 1928, Thomas Means had Hmited data over a short historical period from which to draw
these conclusions. Nonethéless, his conclusions remuin accurate and have been confirn
numerous subsequent studies; including paleosalinity records that reveal salinity cond
in the western Delta as far back as 2,500 vear . The paleosalinity studies indicate that
the Tast 100 years are amony the most saline of periods in the past 2,500 years
Paleoclimatology and paleosalivily studies indicate that the prior 1500 vears {going back 1o
about 4,000 years ago} were even wetter and less saline in San Francisco Bay and the Delta
The recent increase i salinity began after the Delta freshwater marshes Bad been drained
after the Defta was channelized and after large-scale upstrenm diversions of water, largely for
agricultural purposes, hed significantly reduce s from the tributaries into the Delta. it
ha§ continued, even after the construction of reservoirs thit huve heen ased in part to manage
salinity intrusion

17,2018 i

T

Prereased Satinit Tntrusion into the Delia

Studfes and salinity measuriments contitm that despite sadinity managentent ¢fforts, Delta
salipity fsnow at o abovethe highest salinity fevels Tound in the past 2,500 1o 4 000 vears
Under equivalent livdrological condfitions, the boundary between salt and fresh water is now
3 to U5 miles farther Into the Deltathan {Cwould have been without the Tnereased diversions
of Tregh water that have mlien place in the past 150 vears,

Heservoir operations artifitally manage salimty intrusion o conditions that are saftier than
had beew experienced prior to the darly 190075 While these managed conditions are
certaindy Fresher tharn would oecur inroday™s alreréd system i operated without any salinity
manageient, they are stll saltier than what the Delta experienced under similar hydrotogical
conditions in the past. While the Delui is being managed to d somewhat deceptable saline
candition to meet wany beneficial uses, it s §HT managed at o more saling coridifion than
wonild have oeturred s to the anthvopogenic changes ol the past 150 vears

For example, the 1928-1934 drought was one of the driest periods in the past LO0G years
iMeko e af, 200140, and ocourred after tidal marshes within the Detta had been reclibmed
aned water diversions began remeving substantial amounts of fresh water from the Bay-Delta
systenn. Nonetheless, the Delta Treshened during the winter in those drought years, This
winter Treshening of the Delia has not decuried during recent droughts. While salinity
intrusion fato the Delta was prisvioudgly only seen in the driest vears, significant salinity
intrissfor nds octurs innearty every year - exceptions are only found o the tvetrest
conditions,

Changed YVariating in Safinity

The variability of fresh and saliive conditions i the Dela ha ¢ changed because
of upstream and in-Delta water diversions and water exports (Enright and Culberson, 2009).
This change fit variability vesults largely from the tack of fresh conditions in Suisun Bay and
thie western Delta. especially in the winter and spring. Retoring 8 variable salinity regime
that more closely approxindies conditions prior to the early 19007s would require much
higher flows and maoeh fresher conditions than current managenient practices provide, with
larger putfows in the fafl in most vears and much larger outfiows inthe late winter and
spring inall vears

ey Canclusions

The major conclusions of this study are:

1. Sakinitv intrusion during the Tast 100 vears has been among the highest levels over the
ast 2,500 yvears, The Delta has been predominantly g freshwater tidal marsh for the Iast

3, Human activities during the tast 150 vears, including channelization of the Dela,
elimimtion of tidal margh, construction of deep ship channels, and diversion of water,
haye resulted in the increased salinity Tevels in the Dela

& February 12, 2010
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PO, Box 5007« 1205 WL 4™ Street * Antioed

April 79, 2013

Sent by emigif antd regutar mod

Jerry Meral

Deputy Secretary, California Matural Resources &
1416 Ninth Street, Suite 1311

Sacramentn, TA 95814

Dale Hoffman-Floerke

Chief Deputy Director, California Depgartment of Water Resources
1416 Minth Street, Room 115-2

Sacraraento, CA 95814

Subject: Prefiminary revigw of B0CP mode! scaratiosand concern ahout definition of “existing

condition”
Doar Mr. Mearal and Mg, Hoftman Floerke:

The City 6f Antioch and its consultants are currently {n the procass of reviswing the potentisteffecrs of
the proposed BDCP project on salinity at Antioch's drinking water intake in the western Delts. Qur
review of the Effects Analysis {Chapier § of the BDCE Graft, released in March 2013) indicates that there
appesr 1o be two different scenarios (EBCT and EBC2) that have been modeled to represent “existing
bivlogical conditions.” The maln differdnce between these two scenarios appesrs 1o be whether the
Delta outflows are shanaghd 1o schiove the Fall X2 proviston (haréafter teforred to a8 "Fall X271 of the
2008 US Fish and Wildiife Servce Biological Opindon {the “2008 80
include Fall %2, whereas £8C2 does include Fall X2. Because the 2008 BiDp represants the currentlegsl
requirement to operate to achieve Fail X3, the extsting o haseling condition shoutd inctude Falt X2 e,

Citappears that BB doss not

EBCT & the legally required baseline condition)

sived Trom DWR modeéling resulls obtained dsing the

Furthermore, Antibch and 1ts consultants have re

58T model. Comparison of the £BCT scenarfo with historizel field dath measured at Antiach ing e f
gootl afresment etwaen model results and measured histert salinity; ouranalysis Indlcates that TBOZ

is an‘appropriate scenario 1o use foi an “existing condition . The modeling results obitaingd to date from
DWR do not include the EBCL scenario (we understand that thiese will Be sent to s shortly], snd as such
no dirget comparison has vet been made. However, the results provided In the Effects Anaiysls (eg.

Figures ST.A- 104 through SCA 107 & Attachmient SCA) wdicate that the exclusion of Fall X2 in the EBCL
scenario results Tn substantial incredses i electtical conductivity (FC, a measure of salinity) in the
western Delty in the fall of 1978, 1980, 1984, and 1986, These periots of higher £C are not consistent
with Held megsurements, thereby Indicating that €801 is not a technically appropriate scenario to use
for an "existing conditior”

As we have noted In prior comments on the BDCP process and in testimaony 1o the State Water
Resources Crntrol Board (SWRCT
be subistantialhy Mgher i Fall K2 15 not Included i groject opsrations, Impacls to water quality at
Antiorh's intake are gartivularly severe Th the sumimer ard fall months of aboveinormal and wet years,
and medel results Indicate thess mpacts are the result of the BDUP project{and not sea level rise).

salinity tevels inthe western Delta, including at Antioch’s intake, wilt

I survimary, Antioch is conterned that two “existing condition” scenarios (EBCY and EBCZ) appear to
Fapve been modeled, and in particutar that EBCT {which excludes Fall X2 requirernents) does not

ty represent existing or baseling conditions. Our amalysis st this point indicstes that £8C2
inclides Fall X2 requiremients] s both tegally and technically appropriste 1o use to describe
existing or biseling conditions in the forthcaming EIR/S and in other discugsions and analyses of the
proposed BDUP project. Use of ERCT {without Falt K2) would be naittier fegally nor techinically
appropriate, and could result In artificially misstating the antivipated npacts of the B0CP project. Thus,

FULUTET

Antioch requests that Falt X2 be included i the model runs performed to describe both the

ing/basaline and project conditions,

Please contact me a1 (9257 779-6820 or #you have any questions or would fike

to diszuss these comments

Ror Bernal, PE
Public Works Director/City Engineer

(e 8G Heiland, Califorsia Department of Water Resources, 1416 Ninth Street, Room 1152
Sacramiento, TA 95814

Mayor and City Councll Members
Jim Jekel, City Manager

Lynn Tracy Nerland, Gty Adorney
watt Frvrick, tegal Counsat

Susan Paulson, Flow Sdence

Aan Spavlding

TAATA)-|BED. |



Appendix D Supplemental Information

The City of Antioch respectiully reques

¢ that the information and reports listed betow
and attached 0 these coruments be fncluded inthe Admiaisteative Record for this matter

Bernal, Ron, P.E. 2013 “Preliminary review of BDUP modet scenarioy aid toncem

about definition of “existing condition” " Letter to Jerry Meral and Dale HofTman-
Floerke. Antioch, California: Department of Public Works. April 29, 2013

CCWD, 2010, Historical Fresh Water and Salinity Conditions in the Western
Sacramento-San Joaguin Delta and Suisun Bay. A suminary of Wistorical réviews,
reports, analyses and measurements; !cchmwl Report WRI0-001, dvailable at
B s cewater cony iy Hisione s Rapne 20O oh lt

City of Antioch 2010, “Summary of Historiea! Freshwater Availability at Antioch ™
SWRCB Delta Flow Criteria Informational Proceeding: March 77, 2018

Harrington, Phil 2010, “Aptioch’s Concernis reparding the Bay Delta Counservation Plan
(BDCP).™ Letter to Phil Isenberg, Joe Grindstaff, Lester Snow, David Tayes, and
Karen %(ammnug,h Ant mt} CA-City of Antioch. November 15, 2010 Aceessible at

o

e LT

LR udfy

pi TU

Harrington, Phil. “Delta Plow Criterin Informational Proceeding ™ Letter to Phitlip
Crader. Antloch, CA: City of Amtioch. February 16, 2010, A

satecriphiy

ey s ety

o sdocsoshibine antioch voa_exn L cevorteney ity

Harrington, Phil 201 L Letter to Jerry Meral, Antioch, CA- ity of Antioch May 19,
2011

Muizans, Thomas “Salt Water Problent San Frangiseo Bay and Delia of Sacramento and
San Joaquin Rivers. San Prancisco, CA: Thos. 1. Means: Consulting Fngineér - {928
57,

Paulsen, Susan €, P PE 2012 "Bay-Delta Workshop 1 - Toosystem Chinges and
LSZ. Letrer to the State Water Resources Control Board. Pasadens, CA: Flow
Scignce Incorporated, Pm;w t0A41I6. Auguse 7, 2007 Actessible at

RO A

WUE

Pautsen, Susan U, PhD, PIE 20012 “Bay-Delta Workshop 3 - Analvtical Tools for
Evatuating the Water Supply, Hydrodynamic, and Hydropower Effects of the Bay-
Defta Plan.” Letter o the ¢ ' Water Resources Control Bourd, Pasadena, CA- Flow
Setence Incorporated, Project 064136 November 14, 2012

2}

Paulsen, Susan O, Phld, P 2000 Delta Flow Criterfa Closing Conments” Letter to
thé State Water Resources Control Board. Pasadena, CAr Flow Scienve Tncorporated,
Py O;utﬂhﬂ 6. April 14, 2010 Accessible wt

4

Workshop 1~ em Changes and LS erpts fromn Three Relevant

Historical Docwuments ™ Letter to the State Water Resources Control Board, Pasadena,
CA: Flow Science Ine mpon\tud Profect 064136 Aupm 16,2012, Accessible at
s . > Lol
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