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City ofAntinl'!r Concerns \\l1h Bf'll T' 
November I,, Ill 
Pnge 6 of 7 

Proposed Solutions 

i\nhoch believes that pnknllnl S1ilufion~ ma~ thnt 
eo-cqun! gonlr; Thest~ pntt":ntia! ~o!tltinn<;: includt' 

ni~.,~ar;urt~s 10 Delta 
conveyanc~ t:1cilities 
!_~.stnhlish c-f1!,;ct1vc nnd cnmpr\:hcns!·vc 

l(>r !he [)dla thnl 

Es1nhlish a "Do No llann" 

ht~s identified signlfltiint 

np:ions 
surh ns· reg:iomd consolidation 

Include reduced diH~r~inn and increased Del! a ou!!11n\ 
EIIVEIS 

Ant inch is ready to 

Sincerely, 

I 
j 

Antioch, CJ\ 
phnrringtonjl;d antioch u" 

Nerland 
Council fVh::mberc. 



City of Antioch: Concerns \\ith fU)('P 
November 15~ 1010 
Page 4 of7 

outlined in tile DSC Whik 
been by 

Attached ro this leHcr as Allachmcnt C 

testimony (as \VCII as 

of testimony ~uhmitted /\ntiocl; 

Nn Prnposals tn i\litigilt<' HDCI"s l'ot~ntinllmpacts 

/\ntioch has been actively 
BDCP Steering ( ·nnnnitlt'l' 
!Ssncs n$ the;.- nrisc Anttnch 

!he nelti\ now \rhcria 

;:ltlends tht": 
and and comments nn 

tn collabnrot(' \\i!h the nDCP proJect prnpnnents 

BDCP 

in the intt:r\_'s1 !)!'prnh~cimg Antioch'.;; water 
and the public tn1:>1 llmvc\·cr. to dntc 

r~.-r""''"" tk~l\\l~cn Antmch and BDCP proponcnh u1 
urthc F:DCP. throu12.h cithc1 solutinn:-; nr nthcr 

and the Della 
h::n-e [·H?en no fruitful 

tn mi!ignte the impacts 

to its ''·ntcr qu;:dit~ and wakr rights 
Steering Committee 

llDCl'. the Della Reform A<'t, and the Oclta Plan Getting It Right 

Act. 
hns. :tna!yted and puhlinzed ccrta1n 

it hns done almost no{ hint! to anni)7C pntt:nfial 
.:1ftllc 

addressing mi,il!at1'on now 
cornplic•s wi-th th(~,,co .. t::qua! goals r1nd 

of the nne!'. llowcwr, ihe 
and 



City of Antioch Conn'n" with flDCP 
No~emhcr 15.2010 
Pnge of7 

4 The BDCP lm~ to dnt~.: not made Jll\' 

ndverse i mpncts tn \Ve~tern De ltr1 
to 

Addres~;ing these conc(~rns Is not only important fnr ~he health 
the success of the BDCP These concerns 

the October 
tG hear lhnl it nppcnrs !0 be lhs• 

with the Unt(Jrlunatdv. 
by the project 

1 t'ft•nt HDCP 

1<; criticcd ln 

\Yt~f.ltrrn Delta fmpncts 

~aHnit_y would adversely impact the \Veslern Delta 
freshwater envinJnmt~nt FurtheL it nppcnrs 

ns prescndy \Votlld neither protect nor enhance the 
trust resources or auricultur'al values in the VYc·stcrn Delta ·! 

\Vt:stcrn Dc!tn nre h!st~~dc~lflv hnscd on n Ddra with lm\·er 
than !he projected ~onditi,;n.;; fo!lo\\'ing the implementa!ion 

vstimnted to 
per month), when water ton '>n!lnc for diversion 

freshwater location 6 Given ,;\ntloch's current or 
appro"..:irnmd: S20 miHion pt.•r year the impacts of the proposed will ht; 

fiH' nncr :lS presently proposed will contfnut' the !50-year !n'll!l of Oclta 
llegrmlntion 



SWRCB Dcl1<1 Flow Critcna Informational 
F:XIIIBIT Wriltcn Summary City of Antioch 

Delta. A comp;ur.son of C&! f dnu 
n·ushwntcr lf·om Crockcctt during the 
that intrusion in1o th~" Delta n1on1hs 

cnr"rrm·ttn.n l*'-:r!od nf 196ft .. l97) t ;\tt 
10():{. 1Q i 7 to estimates of distance tn 

during the pcrind I 09."--200<4 fndicatcs thnl ~nlimly mtrusion 

the 

period not onlv occurs eadicr (by ,_J months) hut also fan: her in tt.1 

about 5 tn 20 ;ttib) li\ti nl Pi' 18). 

5. Conclusion.\ 

Pnor to 191 it fh::shwater alrnost 
nnd during dry 

Between !9ig and the late 1'>30s, drmn~ht cond!tlons, 
nnrl channcli?atlon innenst:d !he 5H1!nit)' n(Wilk'f nt 
By 1940 the drought but ~alinity 1\ntioch renwined 

6. RNjUCS! 

'Thcst: estimnfl'S \V('rc m;;.dt;< 
\V;ik! Dlsllict dur\ng lhl<> 

City of /\ntindr Dncunwnt 

lmdicrnc;; 
lin March 

'\oHmiH•r IS. 2010 

Sent' in email to: 

Chair_ and Members of the Delta 
Actin~ f',ccuti' e Director. Delta 

Caiifornin Rc5ou!'CC"> 

Cl•uncil 
Council 

lniler<;ecret;m·, Calift)rnlfl Resources !\gene} 1hr distrihution to 
Skering C1H11rnit1ee mt~mher~ 

('nn5-ervation Pbn ( BDCP; 

Introduction 

of Antioch it important to fWO\"idc con11ncnts tlw potcn!ial 
e!Tect' nfthe lim Delta Ct.mservnrinn Plan (FlDCP) on the p!lrtitularlv the 

impnrt"' thnt nt:l~· con !lief w1'th !he go~11~ and pnlich::s oflhc D<.:lln RcfhnT1 .!\ct 

-\ntinch'.;; major ctmccrns with the BDCP 
]~ th!I0\\''1 

The proposed 
/\rL nor n1ttl 

pro!t:c1 1vill" 

r Reduce Ddt a nutt1m' 
r~.,~li:mce on !he 

over curn.:nt 

"ilh the Della Rcii.Hm 
The HDCP rroposed 

-.;up-ply hy incrva<>mg c\port:.: 

;r sa!rmty in the \V-:~tt?rn r-)dH\ {and nther pnrtions of the 
DdlH) 

Mow upstr.;am frnrn !ls prcs~:,nt I tWill ion 



S\VRCB Ddtn Flow lrdl,)rn\a!ionnl 
EXHIBIT Written Surnmarv: City or Antioch 

3.1 /'n.'<:/~}9{8· 

San Joaquin River, the source of much of the \vtill'r ,n 
which flnwcd to i\ntioch via 
wns ronfirnwd hy the Cal!fhrni:J 

!nfnnnntion frnm the Antioch !~nv.stdt 

4. Current SulinHy Condifi(ln5 at Antim:h 

Snl11tity data compikd the 
Cc11h~r 

flnm 

SVv'RCB Ftnw Cdtt~n'-a lnfOnnatlonnl Pmr,_'cding March 2010 
FXHiLiiT Wrirkn Surnmnrv nf'Anriodt 

fron1 ,\ ntfoch f:ps:;uft and to obscn noon recorded by C &! l to estab!lsh 
Antioch :mct in !he w-c-;!L~m fkltn ha•;_ incn::asL'd . 11m0 compared !n 

offh:~hwatcr m Antioch nHltinucs \\) declilh~ Antioch rnnv lab-; water at 
when sn!in!t~ b k% than chlorides kquivaknt to about !000 pS/t.~l\:1 
The numher of days pt,~l \\hen average 

~al!nit: Antioch \\as below the late J900s 
10 ahnut during the re-cent pt::rind (1\ti nt PlY 10) 

\Vith above normal runoff in the S1tcramcnto H ivc-1 w<~tershe-d. freshwntcr al 

\Vater at the 
exceeded l ,000 !tS.·'cm for the entire dny nf tidal 

Tcstlmon: from th~ Antioch bw .. uil indicates that prior to m the City of 
inWkt' bdcnv 1000 pS/-cm fn1 lile ~.~nti!l' day dunng aho\ l'-normal 

HIH 11hHJth~ 

limn historical conditions (Atl 
the tenth pcrccttlile low dail1 

!"or ahoui onc~_i:JJ!d~n~luifrmntlths, and tht; 
10'\ tide daily salinitv was below LOGO EC' f~Jr nhoot months 

fn~m rhe ,Antioch !a\vsttit th0t during th~.~ driest 
al the Citv oi'Amiodt'> intah: Wi1' hdow 1000 jJS:crn 

Jbmtl nine months. at low tide- was hdow ! .(!nO ~tS!cm 
the yeJr data higher J\ntlnch fnr a 

c0ndition:-, :md fi)r a longer duration oft!K th:m under historic 

the ¢arh· 1900s the California & 1 lzJ\\Ttifan 
located in cn)cket1 near lhe western edt~e ,of Suisun 
in CrocketL \Vhen \vas not ~tvailab1c at Crochctt 

upstream on the StH.:ramento nnd San 
measurem.:nts or distnnce w fn~shwarer from 
operation:-, for the- historical extent of freshwater 

The 

4 or5 



SWRCB f1t:ltn F!(nv Criteria Jnf(m11atmnnt 
FXIliBIT Written Summary: City nfllntinch 

Stat<- \Yah•r Rt1.soun·r-'i Control Board 
rldtn Flow Crittl'ia ln!'ornl:ttinna! ProccN!ing 

Munch 22,2010 

l<:xhihit by City of Antioch 
Summary of Historical Frt'!>lnvatPI' .\v:.litnhiHt~ at 

Summnr} 

!111 8) Delli! wn~ significant!\' fresher !hnn the current 
of the Delta as saline" and is not 

,widener ! listorknl salinity and llmv 
establishing Delta notllows,and inl1ows to 
these conditiorts, (i!l the 
Senate Bill 7X I, 

I. Introduction 

The City of 1\ntioch (Antioch), located 
portion of the Sacratn(:nto nnd San 
in Calil(>rnia Sincts the I 360s, 

from the San 
Della, 
as a n:cn::ntiomd tkslinalion 

As pari of the in!1rmralinnal nnH'rcr•rlinP 
document sun1mnrizes the 
contrasts thcrn with the 
document to this <>utnmary 
rele-vant to the materia! 

in th"'~ wcst~,.~rn 

is one of !be 0ldcst 
of its freslmatcr 'llppl) 

posi1inn in the 
and its tong~tcrn1 

2. Sy,slcmic changes hnve reduced frcslmater !lows and incrcawd salinity in the 
western Delta, including at Antioch 

ocean tides and upstt\:clm rvnn'r'mfm 
including channdL..,ulinn eliminatwn of tidal mar~h. 
n:::!casc opt.,:ratinns, ttnd wah.:r diversions 

;JIIthropogenic modification:-; to the Delta that af1Cct salinity intrusion 
sc!llcmcnt of the region around Tid.r! in the 

!'rom over 2"!0,000 ncres. in the J 

1 Much orthc wat1!t in the wesH:1n Dtdta (indllding !lw 
Rivrr Hl'ltnricn!!y 
of Antioch :H Three 
riv-er merge'i- with tlw 

(!112::) 

'iWRCB D<:lta Informational Prncccdtru~ \l;trch 2010 
IIBIT Wrillcn Summruv Citv ofi\ntioch -

has since c0ntinu0d 10 
1andscapt: (/\II at dr(~dging river to 

Stockton and Ship Channels arfected the sa it transport 
and disil ihut!on 1n the Cnnstn1ctwn of rcst.'!"VO!r" f\x storallt' 

<IDrtt:d in the 1900< and the largest of the Ccntml Valle~' 
Shasta) and 11w ~tmc Warcr Project rSWl\ Lake Orovilk) were , 

l<l4_1 tlllJ J96g, (CCWD 2010) Total upstream reservoir 
in 19?0 to more than MJ\F 

\Vater ~'pons from the hm e hec-n stt.:•adll-v 
!\I 50s. and the comhint~d nl\ntlaf from CVP nnd S\VP h;vc on 
frotn rrbout n 5 tvlAF in the fatl' 1() about '1 \-1AF,'yt during the recent period 
:1! 

J. lllstoricat c•xtcnt of frc·sltwtHc•r 

restimmw from the ltmsuit tik:d hv the Town or Antioch tn PJ;o and Cron1 vruious 
t!tcraturc demonstrates thnt freshwater \lo\v salinity condition~) prcvGik:d in the 
we'\\l'ni in the latt: I tWOs and 1000s 

tn the Tmvn of Antioch filed n lnwsuit again:S1 
increased 

Disl!k1 

from the defendants inlhc Antioch lawsuit indicated that in the late 180\b, 
water was known tn he lmtcklsh m high tide certain time periods, but 
/\nt1och was nblc lO pump freshwater at low tide throughout ycar,.,wilh the 

oftht~ fUl! one or twn dry Water at Antioch w·as at 
{when the 

continttnu:>fy. regardless of tidal stage) ( Att at pg 
pbnts "'tarted pumping 

the Antioch hl\vsuit indicated tha1 Antioch's frcshwntcr 
from the San Joaquin River (sec thotnotc 1 frnm 

h) private wntcr compnnit!s and then hy the ancr 
pn~··C:\{Strng: WalCI (J\H at t2) 

mea~uremcnb taken ill ( tha1 indicated 
an1ilabk: a1 Antioch cv~.,•n during dry years and in the 

nr /\ll!ineh· r'mcumc·nt 



Conclusions 

o. The \vindow, when ;\ntiorh !S nhk 10 

EC has substantially nat rowed in the 

Antioch was 
I ROO's, with 

Durin!\ 10oft he 10 
at lo,._; tide fhr only 

During the dnesl 'ears between 1 O}{i nnU 
only about fbur months per 
for about eight n1on1hs 

IJlnn 

E.2,3. Salinity at Kentucky Point on Twitchell island then and now 

The appellants in the ,\ntioch 
resident of Twitchell Island who 
"one or two orcl.tsions" 
tln:l¢, he had to travel 
nl'Twitchdllslandl 

!2, 20!0 

ide-ntified fHk' 

f'urther up the San Joaqum Ri\Cf llwn tht: sl~\'(;11 Mile t.)fough JU!1Cl10P) to obtain fresh 

m the San .lonquin R !H'f San r\ n~frcas landing 
River nmulh} pl!<Jh·d atll77 

mg/L chfoddc concentration Tht:rcf't_)!'t':, 
would have likely trnvclcclnp 

intrusion fn criti:~,:ally dry 



to the ofCnlifmnia. \\hi~,~h 
opinion on The 
injunction. "filt !S evident CGI1!'.izk:rati01b !hat to n!l('l·w an 
appropriator wme1 nt;ar the nutlet oCthe.;,;e two dwersions ::~hove so 
hl maintain sufficient vnlwne in the stream tn hold th~ hi;; plac~ t•f din: \il.ln 
and sccmL; him fresh wnter from the stream at thm unckr the cfrctnnst;mce~ m 
this slalc, would be cxtrcn1t,:ly unreasonable and inhahitnnh oft he \"J!h;y:; ;1hl\'J..~ 
and highly detrimental to the puhfi~,; inktcsJs 

The Suprem-e Court did !H11mnkt: anv comment 
i~ttrwilon prior to the upstream diver~ ions in 
was bast:d on a nf our tnw. whic-h 
usc of the wntt~rs ~treams for the purpose 
them fertih; and productive. nnd and 
thereof" ('!'own oi'Antioch v Williclln' 
concluded that allnwin~ 3500 cubrc feet 
less than I c!s 
unrensonnbk usc 

Th0 Cl)utt did no! 

indicate tha! Antioch was nbic In divert 
~,;~~cept possibl,Y t{H· 

E.2.2. Salinity at Antioch- then and now 

!n the pn:scnt dny, the City of/\ntioch nHllntnins a 
River at /\ mim:h As gem.: rat tlw 
nvcr when snlinity nt the intake I JJOO pSicm 
with the tide. !he 

Tt:slimtH1} fro111 multiple wttnc-!'>Scs m the i\ntwch 
availabh..: in the San Rive-r at i\ntirtch nl low 
legal position \vns that wntt'r \Vf!"> 

crnss·l~'\tlminntion of 1\ ntioch's 
condition~ did o~~~.~nsionally e:dst at high tide 

lrrigatnrs 

Juro 

fh:-;he:s.t 4 hours of 
These dnla indicnk 

1,000 rrum 

lhtaha~e.s Stillion RS\N007 
!hroutth St'jlftmher 



2500 

2000 

1500 

:2 1000 

8 
:?, 

500· 

0-
5 

ccnttJrics 

If II><' definition of the 
year\ { 1994-:2005) MC' e\.eludt:d, !hen the 

"fresh" (le" than l 

2004), the water at Collin<i\'ilh:: in Och'hcr would not hl: 
relaxed critenon or 1 .300 pS,\:m thnt 
conditions rnu!d be thno it 

E.1.2. Brackish Conditions 

ohs(,~rvat!ons of high 
1 fowcvcr, "nme n!'thc.;.;e nh•;cr"'t""" 

in Till. 1998~ Fo,, 19X7h)tn indicate intrusion 
reriods of' I ')7(, .. 1977 Jnd I 'lg7 .. 1992 

oh:;~..:Jvntlorb 

1.000 pS cmli>! 

:H high ttS!cm. 
\dlh the an~.,·cdotnl nh~crvntfnw: nwdc in, 1 79f', 

Summa rr !nlcrprctz!lion of tht..~ abm·c ohs-.::n a lions rn the context of the rccon~tructcd 
Bows r::h(H\~" that the Dcltn uenern!ly s~1.111cr tfmn the historical kvels for 

equh alent runoff conditions and docs nn! 'Uppn.~t the . 
as fr~shw<Hl'l' in companson with 11--. 

indicate~ in the wc-stt:rn hm. and 
the- p~:riod'l 

E.2. ObseJVations from early settlers in the Western Delta 

Obscn a! ions frnm 
'alinity in the kite I 

settlers in the wt~stem Delta 
nml enrly I 9()()', I han the 

dlscuss>.~d ~.~nr!ii.JL Assuming the 
periods thnn the early 
\·;niahiiil) lhnn 

E.2.1. Town of Antioch Injunction on Upstream Diverters 

titnc 

\tj)\tream irrigatitHl distri~w'tS alleging that 
s.nlinhy intrusion at Amioch The court 

,;, id{_':ncc. i! J pcrspcc1ivc of1hc salinity prevailing in th~..~ 
the proce(;dings \n~re ndvcrsnria! in nature. this rcpmt !'ocu.:;cs on the 

t\.'Slimony nft!K~ upsncam wfw were trying !n demonstrate thnt salinity intrusion 
common ncar Anlwch prior tn their diverting \\ater {prior to !9'20-l Consequently, 1he 

he hb'>ed in of this ··mon; nmnmcnt N{methde%. these 
t<:stHrlOrtks indicmc the wcstctn Dclt~1 was k;s sn!ly in lhr past than it 

,\ na!ysc~ of some nf the testim(H\!e\ prc<..cntt;d he low 

Case History 

On Ju!y !9:20, tht~TO\\n of ·'\ntwch fikd sul1 in 1lw Supcrli•r Court oft he State or 
Ca!iro;nia {herc-inrdk~r n:tl~ITCd ton~ thl~ "Antioch nuainsl tljl"~tream diverfer~ on the 
Sacramento River and Yuba Rhrer h~aring l()f a on Juty 

and lask-d apprw-zinmtely three months. On .lanuary 7. St Sure 
the dd(,ndants "fi·om 

pt-~r second" (TowH 
Supplement to /\.pp(;llnnts' Open1ng BriG!: p 



Appendix E. Qualitative 

E.1. Observations from 

and st:ttk~rs Thc~c- ohstrvntlons wen~ 
ambient conditions and may not cnmrrlr!elv 
Moreover, these observations were 
rcgwn minimnf and thi-.; 

Table E·l nlso !hi< the reconstructed Sacramento 
(200!h) f(H the year of observation ;"tnd for the 
S;1cramento R !Ver flow from or t 

nate 

! 775 118M th<' 
i\\Jgust 

Observations 

from \'kko c'i 

!he 
~~ !8 

Location Ocs(:J'iption 

E.1.1. Fresh Conditions 

Yenrl 

Cook 1960 
in TBL 1998 

Tilh!e [" l indh::a~t:s that t'Xp!orL~r'} ohscxvcd "">\Yt:eC water ni.;':H !ht: conHm:nce (}r 

the Sacramento and San Joaquin holh in rdativdy wet p-f 177) and 
Octnber of lS! L n:cons.truc!ed nmn!TnhouJ 19 " dry 
(Sept em her or !776_ recwbtrttcted runofT ahout q Fxcepr as noted_ unknown 
wht;thcr tl~t>sc obscrvatinw, made at 11dc m low trdc 

;mccdo1al observations, pn:sent~day l1bscrvcd rnonthly 
ille (located the cpnt1u...:-nct'; or Sacramento and San 

month!~ 
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Chipps Island <:n!init)' in !he Fall norm:tl 1<: now cnmpmnhk h) !ill! <>alinity dtning dry ;md critical 

Collinsville Saliuily in lin' Fall 

Dry & Critical Normal We! 

Figure D-19 lnereasl' in Fafl Sntinity at Chipps Island 

DA, General conceptual overview of salinity changes 

Ohsernd cltnnj!C!i in seasonal "'Iinity with timl' 

Ddta has changed 

was hJ\VCI 

I'' due in 

Figure ll-lll .. l'ust-fSA salinity in the Suisun llny and \\l'stern ne1!:1 \n~rt' lan~c ht•entl<;"e CVP and 
e\por!~ \\-<..::rc. not fully nnd upstrcTl!ll rc~crvoir::> were often 

aho\c tlnnd l'l\lltrn! nm'\1nHHi1 k'vds m the EJ!L, entering !ht: wet 

c'\cccdcd the snlimtics in the 
concHtion" dram~i1ic 



unimpaired salini1) 
Posltivc vnlw.;:s indicntc an m 
indicatt: salinity ( n-~shcning l 

through August. o:s1i1nated nwdi,1n :-.alinity under acltwl histurict)l ,_;l.'H1ditif)n::; I<> 

(11i0IC than a ! 0Cn;, i!l<:ft~tl!'l') rntdian sa!inft} tmtk:r 
f) .. ! 6), ror tfl(' rcmainth?! of the ycnc no .;ubstan!ial 

signilknnt incrc;Js(: in snlinity 

~ 
15(l(l 

I lOW 
'-u. 

']< 
·~ 

• ;;: 

<lj(J()- '!!. 

Apr 

Figure f)-H) Estimah•tf duwgt• in snlinify at Collins\'illr under netmd historkHi 
{·onditions, as a p('ITrnt dumgt~ frnm unimpain·d COIHlitions, 1956-2003 

D~ l7 shows the e.stimn!t,':d snlinlt!c~ at (\"!I!ins\'ilk rmckr nrrnal 
Po.sitin:: 

rlccrcase in 
recent period 
n;cent period in the 
i1nplementnt!nn nfthc fegubtory requirements 
Acl..'ord and regulatt:d hv the ~ubscqucnt 1 9°"1 Via!~~T 

Fehwmy :20!0 

in Co!lirb\l!1e (l0<l.!-20f\l) 

Jan Jun 

Figure D~i7- Estinlnted dtnnge in salinitr at CoilinsviH(• under actual historkal 
t(lllditions, a-s n perecnt change from unimprtirNi <·nndifions, 1994-2003 

0.3.3. Fall Salinity in the Western Delta 

(OrtDht.::r-Dcccmbcr) at three stn1ions in Sui:,un 
Collin" ilk. nnd l'oin!} The il\ll 

1\clr of' 
figure[). 

since th~~ n.:fease nfth-.~ FSA biologiCal opinions for \vimer-
Thcsc lncrcn~es occur during normal \",chen 

annual MA F. there nre Ddt a 
outl1nw~ and tht: ESA. do nnl affect water year~. 

biological opinion:; dn not n effCct on water op~ration; heeausc upstrcnm 
!O\\ ~1nd '--~'<fH1rtS from the soulh Della arc n!ready snwl! 

)()!(' 



D.3. Temporal Variability of Salinity in tt1e Westem Delta 

0.3.1. Seasonal Salinity at Collinsville 

C\1lfinsvi1lc, near the tonl1uencc of the Sncramenh) 
fuM I~ 

(11WRI 

Fcbnwry l?, 2010 

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

""''"''""''"''"on sal mit\ at Collinsvdle, an 
(Dcntonll'l91) and Snllis:;n (I 'l93 )I was used in 

Wmcr Districi's sa linin -outtlmv model (also kuown '"!he 
1n Delt;, a 1\m~linn c>fNDO. Estimates of salinity 
fur t1oth nctu;d hlc;hlfiCll flow ( 19)0-!0(lf\) and unimpaired t1cm 

(a) based on unimpoinod NDO 

Figure D-15 Estimates ofCollinsYillo salinity nsing the G-model for 
unimfwired and actual hi.storienl flo\\· tondifinns 

!Ii"!W!'ical (actual) the wn:-, low .. sometimes 
\000 for-;evcrnllllnntlis und(':f actual ro-nditions low vnlucs of'NDO 

\lHiability ol'cqimntcd salinil\ in the ondc: actual !llsloriral conditions 

ab<'wt 
In the 

2010 



Fdm!d!\ 

HISTORICAL SAUNITY INCURSION 
1920-1960 

Figure H~i2 Sa!init) intruo;ion during IQ2fL.ffJ60(D\VH, !960) 

~atinih lutruS-JOll 
h;~scd ~)n the locaj inn 
intrns:ion of 50 mg/L water as observed lry 

'"salinity cont1nr~ The CVP and SV/P operation,-; 
the- De!w tn order 10 prcvt~n! extreme 

and 
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0.2.2. Maximum Annual Salinity Intrusion Before and After Large­
scale Reservoir Construction 

Figure [).I 0 shows maximum 
the complcf!on oflhe Shasta f),m, 
presented in terms of contours of iJlO(! 
salinity intrusion during tht': post~CVP 
CVP period c'pcricnccd 
intruditw, f::trHwr into tlh~ duritH!. 
1934, a1~d 1939) than m anv of tht: -" 

In ofth,, 
the Sacramento from http 
indicate thai the Sacramento River had (J 

19:?0-1 q,n, wlw:reas, the Sacramen!n 
period "f 1944 .. J <)()() 

Tht: salinity 
larger 1han any 
due, in part, 

ofthr.:~ pn:,('Vf' 
intntswns k nnwn !o loct\1 

lndcr conditit11l~ of nnturnl str~'am !low upslr~!am and 
<kvclotimcnts occurred, the extent nr ~a!inv im as ion and the 

reached \Vrt~ much smalkr thtJn 1cn 1n 

1931, ! <:;) 

'~The ~lbnonnal nnd C\tcnt or saline in\ a~ ion into tht;;- delta 
sinc0 1917 hnve bt2cn due chiefh subnormal 
and nm"nfTwHh .1 "uhnnrrnal ;m1t"<unt ofstrcmn flO\\ 

naturall~~ availtihlc to the delta, and dl\ ;,.'r::ion-. 

Fdnu;ttv 12, 20!0 

nn the Sncrmnt::nw and San R j,,cr 
naturally "'ailabfc 10 the 11 probable 

f\rs<11init; in the lowC'r cha1mr.:ls of the rklta and the L~:\tt:nt 
Gfsnlint' itwasion the coni1ucncc oftht Sacmmentn and Snn 

ri\ cr') htJvc been abot1t doubled b) of the <>t:cond f[\ctor ., 

rrnm DP\V ( 1931) nnd ·amilar in\\:stiuntion . ..; hn\c been corroborntt.:d b\ 
slndie-; (sev Section whkh lndictlc that Brown-; Island In the \\·csl~.?rn 

mar:;h fl'H' appro-...:imntcly ~?. J:;OO ~ l'ars until s::tl inity intruded in the early 



The C&J! bnrge travel distnncG in the dry y~;ars nf 
tlw ndditional tO mdcs nf distance to 
or 1918 C&ll recorded rclntivdv 

allow flmdl(>rd Point on the San 
the Sacramento River near Rio Vista sirnihH wafct 
by the d.:\elopment oft he ric~ eultkntion mdustry around I0 !2 
upstrl~nn! diversions when -;~~nsonnl !low" kH\ 

1\!AF) [Vk<m10l'l!\}\ D,\lt' 

' Fc-h fVku .lun Jul 

and 
lOme!l 

Figun' B-l!- nislant't' In Fresh wnlt•r in Selt·ct Dr~ or Below "'ormnl Y('ar; 

Figure D~9 shows !h(' ]ii\1bahilitks fbr di::,tnncl' tr~Jvckd 
thrdi!Tcrent salinity levck Durim; i'l03-1917, on 
hud to travd ctbove the ronlluenc; oft he Sa~mment0 nnd 

miles aho\e Crockett.) about 

to 

fJ-11 

pS'cm 
that 

10 

simulations 
"'6f1,i1 of the time 

Spatial Variability in Salinity- Sacramento R!ver 

C&H) 
350 pS!cm (1995-2006, DSM2) 

1,000 pS/crn (1995-2006, DSM~) 

2,640 pS!cm (1995-2006 DSM2) 
5,000 pSicm (1995-2006, DSM2) 

40 50 

LocJt!On of:hc Conllueqcc of the 
Sacramento and San .lo11quin Rivers. 

60 

Figure D-'l f)istance along the Sacramento Hi1·er In SpN·ilk Salinity Values 



\3) 

(h) 

Results and Discussion 

si1111lar tn- -wet y(·ar>;;, the location 
chloride west orMartim? fix nhom months (btt.' February !o ~~arly /\ugusl in 
!9/l :1nd from t..:nri;· to fntcJune in 19!6) In contrast recent wet vcars 

for on!);, about 6 
-cnmpari'itlll shmvs that in 1969 and !\FJK the Wt:'\tern 

month<: 

Sal!it:t condition(\ 

thnn it in i9! 1 tmd JOI6. and r;alinity intrusion 

thcv would 
trav~..~lcd 

\\"tHer n.:trentcd upstream "hout one month carlic1 
diversio-n:". during !911~1916 

._·omrx1rcd lo fnm and 

Figun•D-7 --Distance to Fn•'h Water in Selt•<·t Wt•t Years 

:win 



lH 10!9,a,vetteryearthan 19!8, 
likely due to increased upstrearn 
chlnrid~ Juk August, and 
Sacramento San JJ.1aquin Ri·lcrs 

with n cnntrac! rrmn Murin 
C&ll ohtJined water with 

Saliuilv ohsnvatinns from ilH' 
monito;ing n!~dcctrk:al 
hegnn around 1 ()64 

!'rom !he I nk~mgency 

Table l)-3 
(s'l!e /rl!p: 

lklta Simulalion Modt•l (DSM2) l!istoriral Simulation: 
simulrukm { IQ;;N-2006) was tu providv Pf\Ynh.~r 

limited field tlnta !i·om IEP Because detailed 

!h(.! mnximum dail) 
n:?Cl':l'!l m drda) arc rt~prt>'\t~nted 

t:stimnt<:s nf the distance that mu.;;; hr traveled to r-.:ach 
\ll\.\ !hercfnre. undct\:stimnted 

!n addition. the C&! I barges trrwc!ed 
the ;;quh nlent travel distnnc0 fot C&l 
~acmmcnto Rivec n.nd not !ht: San 

the San JoJqum Rt\'Cf from ilJOS through 1917, ve! 
under .:urrcnt conditiom: arc t:stimatt~d !'or tht: 

River Under conditions, the 
distJ:HKe to frcqh water on the Joaquin River grc•rtkl for the Sncrarncntn 
this approach will alsn to underestim:He the :1c1uai di~tanc\: lhnl C&ll h:ngcs 

\\t)ti!d hm-c to travd under presenH.,1ny condition;; 

20!0 



1.11 j 

C&l I was ahk: to nbtain wa1er \vith less than :)O mgf! < chlondt~s 
{below Jcrst:y Point on the San Jnnqwn River) fn 

C&! I barges had incrensr.,:d dt1c 10 n cmnbinatinn 
kspeciafly fot nttroduccd rice 

rmd Seplc'mbcr I'll~. exceeded liO mg!L 
up:-,1n:am than any time previously recorded 

Fehrmn 



H-3 Tidal V:u·iability in Slliinity at Rio \'i,ta (!96'7 to l'l'l2) 
n:r ftaflf 

Tht.' high tide ma:-.;imum. low tide minimum, nnd dnilv-avt;r;:tgt:d s~tliuitY at a location 
Y.;t:;. difft:rent in Figure. the dnily- maxtm~ll11 " Snn Joaquin 

R!vt:r at Antio-ch can he douhlc the salinitv Because lart~c- tidal 
in salin!t:< observations :-;:!wold be at th~ same phase 
mm 

D-3, the daily m;tximwn snlinity in tht": Sacrnrncnln River a1 
oftht~ daily snlinit~ The daily minimum at Rio V!sw 

may he 

D.2. Variations in tile Spatial Salinity Distribution 

Ohs.ervnUon::. J9fHr, 
IJH' 

Progrnm llEP). Esdnmtcs of 
lorati\1n:.; of interest were DVVR ·~ DSMJ. model and Contra 

salinit\ ·il!!tllow mndd falsnl;no\\n as the G-modd) (Dcllton, 1993 '! 
Fstimates of salini1v m1rusion \\Cft: oht~l!rH.~d 
Mon!~mith~ 

the K M cquminn fK{mmcrcr and 

0.2.1. Distance to Freshwater from Crockett 

chloride cnncentratinn 
rive-r on flood tick and 

fOr a !ncation in 
the dhLnJCe 

approximately 1hc dni!y ma:drnwn distance to 
nnd ma;,:imum distance traveled 

th~.,~ following analysis, 
were extracted fi·om D~5 Hn 

n:pnrted 

febtuary 



Appendix D. Instrumental Observations of 

In S~.:ction J, hi.;;;tnncal vanations in the nr.:'t 
Suisunllny (en! led net Delta otiltl<>w or 
discnl)st'd uslnn available ob5crvntions and 
<>Gctlon present;; additlonnl infhrmativn 
\V0Stcrn Ddta and Su1s!ln Ba~ dt-;cu~st~d in 

D.1. 

0.1.1. 

Introduction 

Salinity Units 

is sp~ciricd in tbi~ report eithc: 
centimekr. Of pS!cnt) 

liter of water. 

sdmnh.: 
nnd appmximt~!c equivnlGnl chlnridc concemHlHOJh • 

Tahle 0-1 ~ TypieaJ t'lC'ctrknl conductivity (fC) and eqnindeut chloride contcntrntlon 

from 
chloride conccntrutinns of i ,non 
swdks (Tallie; 0-1) 

0.1.2. Temporal and Spatial Variability of Salinity 

The main variabilitv in ~lllinirv alnm~ the 
gradient from snlin~: Pncific Ocean \~'ntcr 
orthc• Central riwrs (FC "'"""''"""""'~,. 
Bay-Delta ;aries in space and 
mea:-:.uremenf Im:nlions 

Sallnily on JoaqU'11 River ill Antioch 

\Vet 
42 

Wetf,\~ WY 
l<L\F 
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(;ondittons from the l 'J~~o·.., trough th,:; IQ30':. 
consistent with tl"h; nnnu:tl unimp0rn:d 
a( {700 l) prcsL:ntcd in Section L 

Fstimaws pf anntm! 
700 I al from tree ring 
indicating the rdntivc 

Hcc-onstruc-tt·d annual prcdpitation, 167::;-1975 
(/?;,\~; Pt\'i ij'IIOt!on 

The rt:'construl:ted lw<.l!Tdmne,al 

n.:asons_ First the distribution nf"hydrolog~' is criticulln 
variability, nvo years \vith tho same totn! ll!llitlfll tlm\- c-nuld hnvc signifkan1ly 
'>alinity intrusion due tn the t1nw (Km)wles_ :!.000) SecomL 
anthropogenic mndifica!ions to l:md~capc and llnws alicr the 
response to freslnvntcr tknv_ somewhJl dt-ClHlpliDg 
,knvns1renm rc~·ql()nsc c sn!inity intrusion) 

San Francisco 
(and fresher) 

ft:hrunry 

,•f 

ift'fJ! 

8.3. Reconstructed Salinity in the Bay-Delta 

nt Rush Ranch. in the nonhwc-stem 
from sediment cores The 

marin(~ { 
C\::ntcnnial~scah_~ salirnty 

correspond .H:l1 In (Jther paleoclimatic n:cn:v;,truction~ The most recent broad-
inkrval ("I.HTI:'<;;pond~ to the I ,ntlc nnd the mos-t rercn1 
rncc<'""mt!is tn the Mt:dien.1! \Vttnn Period 

post. lnli,~rvnt indJcatt:s an incrt~as.._' in the p.,:rct.:ntagc of diatoms 
mnrine -;afinili<..':'S cnmpnred lo the last frcshw>~tc! intervaL indicating 

the last I 'l(l 10 the prcviou' 600 
em iron men!:; cO!lStitlllL" ns much 

that ism or a hove that of any other 
n';,rn·mewr" C011'titute Ghoul 20D f, o! lhC 

lhc mosl rc-~.:tnl hrm k1.\II 

tvkdamud-Ro-am ul \.?.00(, 1 cmnpared rcconstwrtcd salinity records for the three 
thousand f'l\)!l'l fbor hK'ntmns ithn:e t1du! marsh !ncations and nne in the Bav) 

B·?(all B··c(h) shows severn! periorls wilh 
IW nnd 1900 CE to present) severn! 

flP and 150 to I 00 flP). 
other and \\ ith the !'Kikoclimatic records (lf 



befl.)tL' present IBP)' making it 1dcal mL:thnd 
in1crest for the nnd Della \Vhen archh'L'd 
chronology, a 1s. established 

\lf'fCht 

.la!!mc·ot'OI'!itl\d 

!uncus holtrcw 

pines used to 
of the tree linu and tree rings, Muno 

<tmi Sacramento and San Jnnquit1 Ooodp!ttin 
studies establish a record nf envimnrncntn l condilion.s in the: 

formation to till' present 

8.2. Major Regional Climatic Events 

Fnnnatinn of the Sarnuncnto-San .Joaquin Delta 
The Holocc,nc epoch 
tMalamm!·Roam e1 ul, 

discip!i nc~ 

h:bru;n)' 12. 

in 

to appro:dmatcly KUOO \tl 6000 \\,hen entered the Golden 
nnd fOrrned the cad_\ Bnv cstut.n\· {t\!wakref ul., oflidalmarshe!\ 

rCt!cnted from a H;;y un1il ~ppnYximatc!y 4000 BCF \Vhcn rat<~ 
slowed to I to em the ft;nnatlon ofcx:lcnsi\t: Dehn nuHsht'S ovt~r 

2000 l BCE 

Sedimentation rwm upstream sourrcs kept up with 

infmma\lon from archive~;. indicate-. climate m the Hnv nnd f)t_~!ta \\liS 

fn.:sh\\·atcr intlow::. The Skrrn Nc·yadn became mo;·c mot<;t and cooh.:~t 
.JOOO-:l'>{ll) BP (<~Llinmud-RPam <'I <rl. :'OOfli 

! IKE Pn'scnt 

(:'~Anlarnud-Ronm. 

Flood Ennts 

appr1rximatdy l BCF n:placcd by more afid cont_hfions 
climatic ~vents. known from o!her oft11c wGrJd. nn: 

palcn•:li!Wlltc reconstructions and hdp to or correlate 
condition~ prcvn!lcd during tiw Mcdicvai 

and cooler conditions existed during tht:: 
"rhe\G climate \-ndminns are reflected in 

CF and fmm I 201lio 
during P"'nNb l ! 400~ 

mnislurt' occurred ftom ROtLTHl f{P ::md 6)0<~00 fiP. :Vb.;;~ive flno-ding 
the C~ntral VaHey in the:. winter of l ?)(1! {Malarilud~Roam t'l u!., :WO(,) 

Min 11m' occurred duri11g II W-1100, 1·100-3100, nnd 

renH1S\!uct!ons capture~ the tnodern comparison 
wfth conditions over the past several thousand years t•.rra1k nnture 

'"··'"''''''''''"' in CalifOrnia {lhscrved over 1hc cent11ry have hcen normal and smn!l 

Reconstructed River Flow and Precipitation Records 
<:'hronologics in statistical regression models to reconstrurt 

Ri,cr flow for upprmimatcly the past I. I 00 
Gmumlich ( 1987) used lrce data fhJm the Pacific 

,,,.,;,,;,,,,;n.n rccmds ror the of (Figure B·1 ), 
nrc•citJitnt!ic·n from tn 197:7'. the reconstructed record 

loiter hair oflhe ninclcemh ccnHny ( 1850-1 90/l 1 
durin~. the late I 800" sand the ;everc dr\ 



Appendix B. Paleoclimatic Records of 

This section 
runoff) and 
mam report 

Hydrology and 

pal;:oclima!c 
the Bny,f),~ltn 

B.1. Methods of Paleoclimatic Reconstruction 

of l1uman influence 

Parks (Malamud,flonm nncllngrnm, ~'il04l 

101ll: 

me:p;;urcmenl 

2004) 

Pfanl communities in the Delta are 
communities arc domflmted 

Sa1Hoknnt 

ingram 

spp )(1\twateJ 
tis sHe in form of peat to the 

!n surface sediments arc corrdatcd 
and thus material prc:5>crvcd in cores 

e-.:istent at the tilne nf sedim..:nt 
'\ali nit~ cnndit1nns in' the Dchn ovt~r tim"~ 

Diatom taxa arc cla:-.sified accnrding to their sahnity prdCrcnce n~ the Diatom 
Salin it} lnde' iDSll ll (SL!rtntt, :?004' Starratli200 I l 

C.nrbnn-isotopc ra11ns 1 

and brackish \\,flh~T (FB: fL ~Or\}o}. 

and marint~ tM: Jfl_y::;~~~n) Samples dominated hy mannc 

(II 

arc mca5.urcd by -;pc-ctromctry and tile notntmn 

I '1000 

have 
t l~illJ! 

Pol! en can he dnssi!Jed to lht~ wxonormc Hunity levd t 
'.'oht'Onumd.,•ut') is representative of')alt~tolcrnnt ,\'dhc<ii'/JW reprcscntativ\"': of 
!h:;:.hwatc~r induding The l)f ( 'hoiU[UJdrac{·ac to the ~um 

:n ic; ::1 prox~- nf!he perc~~nt 1clativt.: nbondance ofsnir-

RndHJcart">n dating by llccclcrntor 
content of plant seeds or 

l"''"'''"h,,n• alnl<»nh,onc cnrbon Ct.llibraiion 
to about40,000 vcars 



C'hangi,;S in wafer diver,-; ions and 
of river flows to the Delta. and 

Fehruary 

Yc-nr Completed 

Fcbntat~v 



100 

5 40 

~ 
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::i 
~ 20 
..! 

~ 
<i 

NDT[ 

!900 1960 

DELTA WATER QUALITY WITHOUT SALINITY CONTROL 

re:;ervoir m!~3scs ln provide 
nnd in~f)cltn exporfs would lmve 

I w1th the completion of the federal C\rntral 
Califl1rnin r'\:ports l'mm tht~ Sta!c \Vater Project 
fCdcral in 1 Q6 7 shown in 

the mid- 1970s. and 

M/\F) reservoirs, These reservn:rs 
{reducing the now into the Delta in the wet and 

California Reservoirs 

Reservoir Capacity [AFJ 

Year Completed 

200 



( \':ssation ofhydrmdie mining around l ~8"t 
continues to erode even todm Fmm 1 
wer~...~ eroded from Sui:mn ¥ The 
6X Mm3 (net 
these 
I 

management 
Suisun Bay (modeled as a uniform change in depth 
Suisun Bay and th~ wc~tt'rn I )eltn hy mueh 
!009) 

A.3. Water Management Practices 

have built ltl men c water around the :-.ldk 
altering the nnturnl !low the Dtdta and m ups! ream'"'"''"""" 
clnritv in the diseussion follows, nnd discussions of actual llm\ 
1mimlx•ircd 11ow and salinitv, Mid natural lltm ant! salinitv, hdtm 

llistorical (actual) now and salinity 

llistnrica! I or nctunllllow and 
dissolved solids conccn!!ation, 
l·fistorietli CO!Hiition' havt: b~,~cn oh">erved, 

10 the nnw nnd ch:-etrical t:nnductivit~ towt 

focation.s~ they are no\\· nH.:iiSllfcd monitoring 
Hbloricul datu nrc also used to c~timate- now and wnter 
locations wllll the t(JIIowmg tools. lite DA YFLOW 
from the l'alrlorma of Water'"'""''""''" 
Monismith, !99TJ and 

l!nimpaircd flow nnd salinity 
Unimpaired tlows nrt; 
upstrcan1 diversions 
Unimpaired ilows arc 
IDWR) I{Jr the basms ofrhc basins 

DWR C$timatcs unimpaired use and unimpaired net Delta nutllO\\ 
NDO cstirnatcs t:an b.: usl.':d to cstirnntc unimpaired 

using a salinity-out11nw rdation!'lhip such the lool<:. 

contc-..;1 

historical 

report 

natund 

studies 
C'X<I!Hi'nt:d t~l prm,Jdc CYidt'nCC or salinity ill the 

comitHH!llv ~,:volvcd since the m1d~ 1850's, As diseusscO 
modltlcation lr;cludc diver~ I on up.slrcnm and within 

nnd svs:tcm opemtionr; to rGgulaHlry rcquirt:mcnt<> 

There wen.: twn 
IS~(I to 19?0 and frorn i<l.JO to i9RO 

with 1\.•clrunntion of Shennan lslrmd: frotn !R61) w !9.'10, m~Della 
to have- gnH\f1 1r1 proporli(lnto the area ofrecblmcd mar5;ilhmd (from Alwntcr et 

tJrs-treatT! dlvetsion;;; frr"i! becmn12 an Issue with resp~ct to Delta ~alil,lity around l9!.6.with the 
ofihe rice cultivation industry (Antioch Case_ Town of An1ioch ':' \VIllmms 

surnmcr 

District, I 922, 188 Cal 45 L sec. These 

smrt in tht" 
low) These 

and summer flow due to the separation or 
n slgni ficant reduction of the spring nnd 

salinity intn1~ion 
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A.1.2. Sea Level Rise 

deposition 
Wtlf!Hing tr(;nd startine 
rapid sea~kvd rise At thtJ cud 

a/" 

6.000 years 'l)W. 

ul. 1979) 

mcnn s~a lev0llms risen a! an 
I 00 years <'I ul, 0 01)8) 
inlrusion into Deihl iDWit 2006L actual salinils 
upon actions In ken to proh:ct against , 
would reduce sai1nitv !ntwsion, 
thrthcr snli11ily). . 

A.2. Physical Changes to tf1e Delta and Central Valley 

Creal inn of artificial ~hanncl~, 
physical ch;mges to the 
w;Jtcr movement through the and tile mtrusion or salinitv 
physical ehnnges ttl th,, Delta ami Cenrml Vnlkv 
Yt:'nrs orth~'"-C . 
(which bcgnn tl1e 

A.2.1. Deepening, Widening, and Straightening Channels 
(earfy 1900's-present) 

The !ower Sacran1l:nto Riv.:r was 
!gland') around I'll() (l.und a!. 20071. 
in the cmly 1900's. 
dredged lo ckpihs 

Thcst' chnn!lcs. to tlw river channels 
rhamH.:I~; in~rt~ast-~s the mrm"'""'"" 
intrusion Similrnly. 
of the tidi1l wav~,;s nnd increnscs intru.si\1n 
the tidal prism (the volume ot\vnler in ihe chann~.,•l;;), rcsuHin~ in furthe-r snlinit\' intru-;ion 
Larger cross-section& reduce velocities, !owcnng frietinn ~ ~1nd " rnnrc tich: 
energy, which i!' t!w driving force f(H lnio th~~ Dt•!ta 

fdlrtwry 

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

In the Centrul f/aff<:r 

orimnaf natttr~ll hHgt wmter flows-, rckas!ng the walt:! 
back !nlo the lht~ nnd summer. in a more unif<1nn 
f1tm _i,:to th~' Dd,ta {reduced and lt'nv flO\\) cmnpared to current 
conJ1t10ns r:1e 1ncr-:ased surfnct: an:a of water -stort~d in 1h.;se natural floodpln.ins int,.Tt:Hscd 
total C\'ttporat!nn J!ld gmundwa!CJ f't,'Chil!g~;, reducing 1ntal annual in!ln\\' Jntn lhC neltn 

in rile Delta 
l{(:cl;rmilti<'ll ofPefta marshland 1970, rdmnst iilllnnd within the 

had he-en dikt:d and I 1l1 I). fldilfc the levees 
Jrmor\.'d and the tnmshcs \\!,~re dmin .. ~d, the would have been shatlO\vt:r and 

sinuous). wh1ch would hnve slowed prnp<Jgatlon oft he tides into the Delta. 
and reduced salinity inlrusiun 

marsh surface would have increased the tidal pri-sm However, the s:hntfow 
and native \ cgetation would tun-c slowed the tidal wuv0 The 

ctrect on on the locnlion and 1narsh, the 
channelS- thnt were !\':moved rrnm the tidaHJ 

nfthc fklta in I S69 For 

A.2.3. Mining debris 

mining in the Nevndn begnn in the I S60':; and 
which traveled dnwn the Sanmnentn River, the 

t:kbri:; h;:we contrihulcd to th,.,· t~xh:nsivc 
cf 1:! ( estimate tllJL rrom l ~6 7 IO I S87. ,.,.,,,,".;'""'"1' 

meters (i'd!nJ) ofsl'dinh;nt 
H!tlD\\ \}f h\ draufic mining 

Califrunb 

wn..:; due to the 

FchrH!Il)' :!O I!) 



A.1. Climatic Variability 

Changes in tmd 
afftcl lh~ and temporal safinity conditions in 
nmnfT. jm.!C:I}}itatinn and nrc rhsi.·ussud 

A.1.1. Regional Precipitation and Runoff 

in d1(; Buv"Dd1a \Vatcr:::hcd the :.mwwlt of\\ater and1ahk withm th(" 
. n)ach the Ray nnd ;lllect s~!linity 

runoff to channds 

of 

Unikd State;, 
from 

! appnwimaidy 0 

\lote ,d. :C005. Stc\\nrl or. :!00) I Note 
in spring Junoffnctunllv incn:n::;cd slight!) 

runoff from the Sa('ramento River hn~ins fnHn April to .July' 

"tpring and sunm1c1 
pattern \VOtdd nl !o\\ snowmeh fo 

1,~vcnB such as the Littk Icc 
(,tbout 800 to ubout-1300 CEr 

nt a lower L:kvation, and 
This temperature 

seasonal distribution of nmoiT such that significantly 
a more uniform 

occurs today 
Section 3) \'.t1ltld be cxpe~tcd c~pcctation bnrnc out by ......... ,,.;, .. 

/u shonc:r rime scales, oct:nnic conditions 'ittch as the Pacific Decadal Oscillation (PDO) and 
I] Niiln'Sonthern Osci!latinn (EN SOl ah() and Runoff 

watershed js the pdmruy rnctor freshwater yrom the 
ntl•mnm•erlic flow mnnagcmcnt fupstrcam diverSIOI15, reservoir operat1ons, in~ Delta 

south~of-Deltu ;;;:-.ports) a Hers the ;unount and of flow from the upper 
In the physicnllandscnpc alter the amount and 



Appendix A. Factors 

water manngcm.;;;nt prdtt!cc:z ( l' 
municipal and indu~tnai usc) 
frc:.shw<:!lcr nnw, in turn 
!tNR, 

Regional Climak 
Chang<" 

Physical Chang<~s lo 
thr Landsi'npe 

Catel!;ory 

\VntC'r \·h!IWgrmertt 
Praetict\'} ( H'SCl'HJir 

operntions. water 
diversio-ns. :md 

frorn tla' 

Fnetors nfftctintt, safinitv intnuion 
and s ledlk eff<'<'l on D~lln salinitv 

* Separation nfnntttmi floodp!nin<:; from vnll\~Y d\·(;r<; 
jl1..:nk flows W ri\ dw.nncf;:; ~vuuld rt"duce 

llot)d cn.'n!-; 
"""'''"''''"" fTom drnmim; hnck into tlw main 

s:ilin!ly aftc;: t1dods link '1pn'ng 

Cn:Jlion nf canals and channel "cut<' 
aeatcs more cfl!cknt 1ou~t..~s for tidal nows to 

>& Dcpo.slti0n nnd ernsinn 11f;;:;edimcnts m Suisun Ba) 
1'199) 

dchr1s (nccurnxl from l860·s to 
redt!Ct'd in Suisun and 

:'004. 

upstream and in~Deha di\·crs!O!F; as 
incrc:a~lng 

a.:; t::\pnns 
snlinity 

capac1t; 
when n~SClHiirs alt: f!Hing 

iJlC(CH.SC 

control 

thi.:; has generally been 
~mali and in!crmittenL snlimty measureme-nts mdicnte ll 
nc('urrcd prior tn !qs;:;;_ and \'Cry seldom 

wintl'I' div(·r~ion nf runoff to 
'Silt mnimnin nr mr-rca'lle salinitie"l in the 

rchnun. 
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FigurL:s 
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kl1, 
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A1, I- nnd Channels 
A22 
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A3 

.'\ppc.'ndix B 
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AppemhC 
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[)_I_ Introduction_ 
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Appendix Qunlilntivc Salinit) Oh-.z:;rv~t!i'm" 

[:'.!. OhscrvntiU!}'> rrom F[)r\y Fxp!orcr" 
E l. l F1 esh C{)ndition"-
E 1.2. Bmckish (\mditions 

Oh~t:~rvalions from 
! Tmvn of Antlocll 

E,2 Saliniry <H /\ ntwch 

D-1 

Salinlt) i<enlnck~ Point on Twttche!l Island nH.'n and nm\ 

Tables 

in tht: San F ranci~co Estuar\ 
at Rush Ranch -

Figures 

~1a\:imum IntrmdOtl n•r rdativelv 
Seasonal Salinity J.t Cc1Hin:-.vi!k ~ 
of Collinsville the (i-modcl for 

19'1)) 

cham!l' in '~alinity at un(kr actual historical 
Estirnated ~ in snllnlt)·' at Co!lin~villc under actwd historicnl conditions 

/\-I 

D-2 
D-7 

A-4 
A-7 

A-12 

B-5 
B-7 
D-2 
D-3 
D-3 
D-5 
D-6 
D-9 

D-10 
D-11 
D-12 
D-15 
!).f(J 

D-17 
D-18 
D-19 

from unin1paircd conditions. 19(M-!001 D-22 
the Smsun and \\t:\lt:Jn Ddta 

Increase in Fall Snlmi!y ell Clt<pps Island 



RECIRC2547 

- c .s: c 
;.... c -.~ .s a:: 
Q - :;;;: 
;.... 

;.... 

QJ g c 
E - ~ ;::; 

~ 
:/;,-

~ 
!!"! 'D 

QJ c.; E '-' ;.... !!"! c .;.,., :::: :t;f'j 0 0 ;::; 
rJl 
QJ u d: 
~ ~ 

'"" :;:; ;.... .2 -.... = !!"! 0 u 
~ u !'.;.) 

&-



fvialamud-l(oam, F,, lv1 lletliugcr, Fl L 
i Ioloccnc d1 mates and Ct.HUH:::ctions 
\vut:ersh~!d' a rcv1c-w San 
(Fclmmry), c\rticlc 

1598, 

May, MJ), 1999 V0gdn!inn and 
northern San Francisco Estnnry, 
Cafil0rnia, fkrkdcyL 'Spring 

Means, T I f. FJ2R, Sail \Vmer Prol1km_ San 
Jonquin Rivers, ;\pril l'l2X 

~''icko, D. M , /Vl, 0, Thcm:IL H 
Heeonstructed to ii,D !'rom Tree 
Asso(iation .17( .n; 1 0~9 

Mcko, D M, /Vl, D, Tlwm,ll, 
F!0\V Reconstruction lntcrnnt!onai 
Center for Paleoclimarologv Data Contribr:linn 
Pnlcnclinwtnlngy Prograrn. Boufd.:r USA 

J, C' N, Willmms, Jr, ;md R S 

rvlon!smlth S I 99~ 

llarnlct, M P, Clark and 
in \\t>sfern north /\mcricn 

·v)~49 

Niclwls 17 I'L, Clocrn J F, Luoma S 
est11nry Sdence l 567~~71 

Fchruary ! 7 'UJlO 

P. l.eftcnmaicr 
fltrllctm of the 

H 

Smith, 0 K 1940 Man me? \Vakrfroni Flook One, a 
llni! /\dmi11i$Trntinn Projt:ct Nn 

Stahle, D IV Knowk'-l 
Ens 

IIIli I 

20()1 

Trnnsac11ons, 

"DltHO!llS as lndicarnr~ ofF1.:~hwa1tT Flnw Vari1ninn m Cen!ral Cafinunw 
fM Conference PrncL'cdings, pp '144 

indicntors or late llolocc:nc freshwatL:r 11m\ \ ntinliwr in the Snn 
central C'ali({lfnia, US A lnl'oulin, M led I ol'tlle 

Diaton1 Synlposium, 

Tolman, nf the Ground.- \Vatc1 
Stanford ( Jnivt•rsit: 

frl\\!\ of Antioch \Villwms lnigntion District ( ISS 

, and t I P~t~.~t;-;on ! C)()() fhc! nHg,"!\:rm Snhnity Fk!d m San Fnl!ll.::tscn 
Bny.Continen!al 

II S Ff',\ Of1kc ol' Ware: :mn.1 Nat10nnl Secondary Drinking Wntc>r Siamlard,, 
Sep!cmbef I 

Cloman 199·t J .ale 1 toloccne Endromncntul Varbhilit_v in th~,.~ Upp~~r -Snn 
Hccnnslroctcd from Tidal Marsh Sediments, I 85, !98, 

Eleventh Annual Pacii1c C!imnlc WACL!M} M lsa,lt'S 
{Editors). Ap1il 1994. lnterag~ncy Ecologic;;~! Program. Technical 

Department of \Vntcr Resources 



JQ! rile History ofContn1 County_ Cn!iti:nnia f1t:rkck:, California 

IDWR] Department ni'Water flesotiiTCS cOO') strontium isotope record of cstuarim• 
lmmc,lntncal Rcconstruck~d Sacraml·nto and Sun in Snn Earth :md P!atlt:lary Sc1~..~nce LL~!lers. ll9' 

Classification lndice~ Bnsed 
suhj~.?t:t to 

Dillnn. R. 19MO. Ureal hpcclalions· The Storv 
pp 

!'ark,(' .I IW3. /\S) nchronous 
Rings\ OutHenwry Research. 

Enright. C 2011<1 ··Lrmg:r,~rm Trends and 
the San !7rancisco 8ay~nclw 
200•! Sec IHIJ• 

Enright, and S D Culh-.:rs,J!L ~OOt) 
reach of the San F'rancist~o Estumv 

CA LFFD Bm:·Dc:ltn IHnhorit\. 

Fox, .I 

Fox, J P. !9R7b. Freshwater ln!lmv to San 

()oman, M and 1. Wdls 2000 
Frnnc!sco Gay 

nnnmn_ M, F. Mt1lnim!d~Roam and B L Ingram 
Evnhtlion of n Tidtd Salt :Vhrsh 1 n 
Research. ?-1(5). 11?6 11\7. 

2111n 

I rmd. 

Stable isntnp<: recnrd or late llolocenc 
Bnv. Cal ifi1rma Paeth mtd Phmc!itry 

Cioern. T M Powell, J R 
a l!ahitat indicator fhr c::>tuarinc 

for tht' rourth lt:chn!ca! 
San Francisco llav 1Dclla Fsttmry 

Peterson. ;md R .1. Uncks !998 Simulate(! d11:cts nfdclta 

fv1ounL and P Moyle. 2007 



6. Bibliography to the Main 

.1\ twa tee R F Conard. J 
1979_ Hi~IOIJ., l.andfmms, rmd v~·!;ctation of the 
Franc1sco Bny· ·rhc l frhani1cd 
San Francisco, Cali!Drnin, pp 

Bavtcr, R,, R Breuer, L llnmn, 
Solgcr, M Nob-rigrt T S(Hlll1iCL nnd 
Report 2007 Synllh·sh nfRcst~lts. inrr•rn,ornn 

llurau, .I R S () 

and the 

llvrnc, R, B.L Ingram, Starratt, F Mubmud·floam, J N Cnllins, :mel 
arrmn-ISI)tOf)C, diatom, and poitt'll 

in !he: Snn Frnnci"cn E'11uarv 

Cappiclln, K. C Mnlzonc. R 
l:hanges in Suisun 
Report qq, 163 Sec 

Climate dmng<? 
Change, Suppl 

Conlm Costa \Vater Dbtdct 1967 Mallard Slough 
\Jnp11h!isht?d nrchin:· (avai!ahk· 

Cmwll, J W 1963 lli,torv of[lenicia Arsenal 
1962 Bcrkelcv, llr;wdi-Nonh Books 

'20!0 

Flk-h 
''ChlSI. (~!imalic 

Demon. ancl !) Su!!i\·an JG93 -~Anh~e~..~dcnt Flow~Salinitv Hclntion-: i\ppf!cati~ms w 
Delta P!nnnint' \todd~ Contrn \Vak:r l),•.;trict Dcc~mb"'t I99l 

;rm Rl 

A to Report 
~o State of" 

V:1rintion nnd Con!rol ofSnl!ni1v in S:Kram~!r:to"San 
!lullctin No , 

76 ~l:Hc of 

~986 Salinity unit comer.:; inn equations Statt:: of 
l9R6, Kmnvar Ouiwtcht In Peter Dick 

Calil(nnia C~ntrnl V.n!k·:; t lnimp.mred Flow- !Jatct 
n;,. 1~lon or Phmnlnt 

St;He of 

[D\\, IZ] llepartmcnl o('Wakr ltesourccs 
ofCa!ifiwm;;J\ .. W:lll:r fCSOUfCl'~ 

JHfy _1 (!0(; 



5. Conclusions 

L 

1. 

4. 

Seasonal and intcr-annu::tl Ynrinlion 

reduced or 
6 record and published >ltrdics 

the construction(!{' rcservnirs that hnv1.t been used in 
Control Board \VRler qmdi1v requ!n::'ments in 
diversions for salinity mmutgcmt.:nt somewhat nnl<'llorn.Ics 

hlH tlw levels still excec;d I GOO 



/\vailahlc datu ;md nhst:rvntions indicate !hac 
at least n1 lmv !ide during almost the 
abrupt change to higher salinity o(:curn:d 

nhoul this 11m~, condillons al 
the ended. 

diversion.:; 
increased SJI!nity 

4.2. Reports on Historical Freshwater Extent 

Scvernllilcraturc 
\veslern Delta and 

I ncatwrr 
Sot1rc~(sl 

Quolntinn 

()uotntion 

Summarv 

Lt)Catimr 
Sottrtds) 
Quotnti~:m 

Quotation 

Summary· 

! Oct!tHHl' 

Sourct(S)" 

We,tern Delta 
DPW( 

nvcr 

Antioch, CA 
l'lPWtl'lJI! 

Qtrotntinn 

Summary 

l,ncation 

Quoration 

Quotatili!l 

!lifi\f ot'tl.\ dnmn/ti' und 
San )oa<pm! /?Jl'('r lmmcdi<Ik(l' 11//~lturc 

hu\· \OWe crh'n!l•; 

dl!rtf(i: u·dum fh''rhhl\, 

\II!Jlif}{'r illld \'Ut~rjftff f/oWC'<\T, t'O!fr/t{IOI/\ f(/fr/y 

"""''"'''"'''In till' 1\'\fh'<I unf!II(JJ7, whot the mcn'uSt""d 

flt\'!1.\WII hq:,un to rc'I.U/1 inl!h' wurcr heuJfii!Hp fun 

~'On\UI<!raMe Jh'nnr!\ rn lht' vummer (md 

1. 1'!.' 601 
Until 1917. the Citv oL\ntinch obtained all or most of' its rreshwatcr 
supplies d!rccttj from the San Joaquin River 
pn::::\ented dome-sllc t!''t': or\\rttel at the Antioch 
atlcr 

I) 

mtrusion ha~ 
in <.;U!Ill1lt'r nt!l 

ln tfw tat\; 19111 C:.~ntury fiesh water iiV.Jitahk~ !l1 the Stnsun Bay '-111d 
. the Cit1 of lknicia 

water in the western Ddta and the Suisun 11n) 
is consbtt:nt with !he- rdiltively !'re~h cnnditiow; 

!n pnlcod imatc and the wet 
rondifions: observed in II 

AdditionuT obc.,.<.'r\'ations between and 18•11 arc inclnded in Appcndi' F. These 
\Vater near the conl1ue-nce oft he 

o!Tollinsvilk in 177< (a 



4. Qualitative Observations of Historical Freshwater Ffow 
and Salinity Conditions 

ln this section, quZ~Iitative nh:servnfions nf;;;a!inity conditions in 
llny fro111 tiH' lnwsuit t"lkd the Town of i\ntioch in :e1c! !"rom 

arc di:-;cussl.!d tn a nt"'Sll'ec!tt'e 
:md early I 'l()()', Ounlitative nh'<•cvol!io'" 

dist:usscd in Appendix F 

In 1920, 

court deci~ion, 
rmm a numlx~r nl''lvitness:cs 

nnccdolnL not quantitathe, it provides t1 

in the early ! 9{){fs. Been use !he nmn•t•di'''" 

report focus~'~ on the testimony oCthe upstre-am 
that snlinity intn1si,m was comr"!"lon Ant1och 
19.10) Con."''illentl,,, the teslimonv 
argunwnt 

pro\ ided information on the operation .,Jf 
th~.; San Jn;1qtun Antioch 

qualily ofwnter !rom tlh.: purnping p!nnts, 

Table 4-1 Testimony n·g-nrding_ pumping plant 

!::_ :;t'ilfi 

hut !\ ntioch wa!-1 apparently able to pump fi·t:~h water 
exception \VD~ the fl1H sen son E'w dry 

fn;s.h at low tide untd a1 least !915 
the pumping plnnts slilrlccl 

or time ..::ach v~:nr ·when abll' 
ht~en "ulv;.tHntm1iy n~duccd -m 1he in:-.t l 7" _yenr.;; 

m /\ppcndh: nwR ( l WAl) 0Stirnakd thtH wah:r \Vith chloride C<'llCt:ntration nr 
01 would be available nbou! 8S 0

li1 of the tim.:: iC1hc-rc \\LTC no \\L1It.~l 
m<.magerncnt et1~cb D\VR i 1960} estimated 1ha1 chtmidL' conccntra!imfs at Anlinch would 

k:ss th::w 1:1hmtt R0°,j nftht,~ time in \GO(J and nhou1 ol~lhc, time hy 1940 
furlhc! detenonHlfm orwm~t quality 1060 and beyond but dirl nm 

for salinity control 

nde can he nH1re than five timt..::s the 
'-alinity during the co!lr> .. L: of a 

dailv :>alinity at low tide 
fnr abou1 four and a half tnonths 

hell'""" l<l8} nnd than 

F e-hm;;rv J __ 



attributed it to 

Even in the. 
IFigmc 3-16) 

allo\<v waste from urban nnd 
accumulate Contaminams 
Delta ([laster <'I a/. 

In 
(p n 

momhs 

standard in 1905t ns the ~alinit;, kH:l'> t~Haint:d in the mn'11 
nor as l>1gh '"the! f<l76.77 and 1087-

15 

Conclusions 

in and 
drought<;, the Delw 

f:JII "'linitv nt Collinsville from 1920to 1008 
war. while in the past Iilii 
in the fall has l"~l'Cil identifk:d 

noted that '"Iilii salinity 
upstn.:um, 

the Dt...~ltn (h;:;hencd annually. even during droughts In recent 
twl alwav$ freshe-n during the \\inter 

3.3.5. Salinity at Mallard Slougfl 

ur'-htibnd Sll)Ugh 
of dJtys of u'>ahlc ,\;h'l :n 



3.3,4. Salinity at Collinsville 
Janumv 

Collinsville, near the confluence of the Sncuuncnrn and San 
first sampling locations bv 

or the D\VR e~timah:d , 

an: consbtt."nr with ohservati(\!1S hy 
I'C at (\>llinsvillc 

l'nridlt und Culberson I 2009) anal\ zed !he trend in vnriabilitv at C<lllinS\·ilk f'rom 
~ found . )alinity \'aJiahi!lty in oft\\'Clve months and 

12 
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3.3.3. X2 Variability 

An on~.·n~uscd iHdit'ator or !Tcsh \V:Jh:T 

rnctric c-alleJ X?. X7 i"> dcfint:d as lhL' di;-,tanct; 
thousand ~sohalinc- {equivalent tn a .salinity nr:: 
mea\urcd nenr the chnnnd bed alonu the w..:is. 
x:: indicah: greater intnl:>:im; 
usmg the m0nll1iy 

Monlhl; 

The K·M 
{NDO. sec during 
The mo1llh!y K·M equntiDn w~1s bnst'd on 
from measurf:mcn1s at nx(~d locations) and 

I knee._ the I<~ t\4 equation 
level condiHms 

can be us0d to unimpaired 
values fhr unimpair..:d (without 

t with historical water management l 

The seasonal nnd annunl vari~lHtlnS nfX? 
NDO llndcr both hi:':.torical ;md 
hi;;tnricn! now condi1ions is shined 

km 

undcrt~sl inn ted 

I:? t'omparcs X:2 Hmk'-r 
ini!iution nf the 

Shnsla Rcscrvn>r CYI') 
X? under histnricnl cn11ditinns 
km during I he or tlw 

Salinity intrusion Hn(kr his!orical \Yalcr 
X'~1 ) thnn th(' intrusion Hwt would occur 
from 
~alinity 

under unimpaired conditions Thtt~. 

~:illicr iJcJln with t:arlier ~)C(U!Tl'J\Ct' nr ~'>Ulini!) 

:\ lthnugi: cun-enr warer llWJ'ilgcnw:m pmctkes npcnut· to provide s;tfinity contrnl, both the 
and dw'<Hion mtmswn ar~; li!H.kr current ·wntcr msnagemcnt 

!han under condittons curn:n! w0tcr management pmchccs 
the on;raf! annual range in sa!inity c the difll:>n:ncc between the highesl and 
\'Hlue& during 

Location ofX2 under unimpaired and historical c()nfiHions 
II lf~'ut!g 'H',f\;,lfof it!!;{ tA\ ifdUf l";lrt<.d•J/{~1 



Figure 3-tH iVlnn!hly dlstdhutinn of di~tnncr- tn fre'ih '.vnt('r from 

Fehmary 20!\1 

companSt1ns (and other 1ekvant con1paris:ons in 
\nndd hnd lo ttn\,el up to rnifes 

cnndilinns than in !he 

SacrnH1cnto and Snn 
~upp!~ contract \dth Marin CotuH:- beginning in 

distance to ffcsh watcT dud Hi;! indi\ idllal wd years and dt~ring indi\ idual drr \ear'-. i:-
m i\ppendh; D The dntn fn D a!so :-,how thnt salinit:v has been 

times than in the t,;arly 

Conclusfons 

ot"th"~ distance trnvcted 
wnter and estimates of thi-s dislance 

dpt~rat ions m1d 
waler managem~~nl 

pr,_:~ea\ farther downstream and persisted for 
the: cnrl~ !900~-..; thnn wHlerrcccnt time 

pcnod~ or linw in 
\Vith similar 

h) drn!ogic conditions: 

Sn!initY intrusim1 
kmgcr 'pt~dod 

sn!inity intrusion 111 th~.,~ Delta !hr 

ycnL e-xtends farther upstream. and pcrsic:.ts for a 

:?0!1) 

:::0 
m 
Q 
:::0 
n 
N 
U1 
+:> 
"'-J 



tnli'lf1o/al!oll hetw''''" rlh \,' nro 

!Ito• trm• 

Figur~ JJJ 

network 

\cf!dfo 

uric r'mu;:m.t~ UJJ nvcr w1 

!rdJ (fl'<n'dmv ugrnmt !he !Ide, h1tf 

lliOn1hl) di>tribution or di~tance trnvckd by barges during water 

'nann~:cmcnl opcrntiOn5 

from dC'termnwd fhHn nl..,serYed data 
flwtf{Jm 

or the 
nwclun\1<)11$ or 

However. this trend hns in the more recent \VHt~r mnnagcmt.~m 
wilh intrusion siynificnnHy im:rensed kvcls: m the end) 
months 

Finnlh 

or the nnnual distance from Cwckt~H to fresh 
t from nhou1 ! 3 10 rnile~ }, wh lie the 

npproximntclv 10 miles (fi'om 6 to miles) This 
water managerncn1 activitit..'S limit th~..~ nature of 

the endy 

mtrus!on m the Delta occurre-d later in the 
under more rectmt ti!ne rx~riod t:onditions 



3.3. Salinity in the Western Delta and Suisun Bay 

Observalions nnd model-based e~timxJtcs 

3.3. 1. Importance of Consistency among Salinity Comparisons 

ckl'tricaf conductl\,i!;. 
ahtlit; of an aqucnu" -;:olulil,l!l 

in units ofmJ'crnSic:mens 
conet~ntralinn rn unit.:; 11f' rnllligrnnn 

(n1g/L ). Conversion between FC' and chloride concentration can be ,,., . .,,,lhhNl 

s:p~eific ClTtpiriL'fd relationship:-:; ~uch as tho:-.~-

Pn'vinus studies have evaluated the 

3.3.2. Distance to Fresh Water from Crockett 

The California & ftawaiitm Sugar 
the W1.;:stern boundary of Sui<:>un 

FfgtH'(' 3-R :\lap of Suisnn Bay and \\'(·~tern Oeftn 
with lo('ations of conthtuous monitoring ~tatious 

( '&11 bw;;:{'\ 1/df'J. I ucaltmh u/li:t' l'i!!lfllillll!l\ mowtormr; 

n mdtt'~tft'd in the upper k·/t~·o;!ldo/tlu' /Jid(J ' 

(\lll'-third 



In September {and Octob~>r not shm\ n 
unimpaired NDO Ci0111 nhoul l'l4'i to 
Sine(; 197:\ the chnngl.:. has shown H dowrmard 
}($S. than NDO) during mo::.t 

Hefkit 

Conclusions 

Anthropogenic wmcr man<\~~;.:ml~nt pmrticcs ltnvc attcrcd ND<) 111 !he fol!m\ine'. \\tl]S 

m(JSf months, \\tttcr rnnnagt:mcnt tmKtf...;t.~s hnv.; l1cha otnflnw rc!ttlJVt' 
conditinns fhtm the mid-19-Hrs !n the mid" ltJ!)O's.. rc~..:rvolr 

historical !'lrlu<Jil Nnn tha11 uuimpilircd NDO 
numht:J of nwnths, m the faH smcc l9X~, 

' n:~u!k~d in in~:rc:'p.,ed 
nhlll!hs 

manag\~mt:nt in Ddltl out11ows m a!! 
and reduct inn m Delta outllow rd::t!tvl! 

nrru!!\ 111 the months ol"Marrh !hrnugh June, when 
and snmt~ of lht~ rc:maming n\er 11\w,;s are 



SOl!lh-t1f-f)cl!n c:-:.j)Of!S 

resulted in histonrn! {ac!Ua!) 
nq;mivc vnhtt' f1w 

\vinlcr 

Figun' 3-S ~. 'f'imC" srrirs of 1\fnnthfy "'rt Delta Outfltnv under unim pairrti condition\ nnd 
historical (nrtual) ('mH!ilions 

The monthly distribution 

Fd•n1ary !2 

,a 

~ 

2 
:?,; 

shown in 
l'Orlirr in !he 

;H le:aq: 
(mcttH:dng MAF!tnonth over afl Th~ variability 

!he '"" i'-nrs and '·1 marks, indicnt1.~s the distribution · 
a rd;lti\ l;l_v fl?w y~,_:r\rs han: high !low-; 

trends in the difkrenec between h1s!orical (actual) monthlv 
NDO lncn:ased \Vater usage nnd incrca:;:erl diversion or\'</;ltCI 

NDO relathc to unimpaired NDO in most months oft he 
n(il shown in th~ ckficit Is rC'duccd. likdv due to 

nrtlw water chvcned hy' nps:lrenm users DliO! to 
Accord HH hidh~r minimum 

which 

A:! 
m 
n 
A:! 
n 
N 
V1 
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Conclusions 

The long-term observations or prccipi!atinn and 

Relatively \Vet ClHH1itiun~ occurr~·d iu the 
Sncmmcnto and San Jo-aquin Rf\e! wn:lc!<:l><.'ds 

opcmtions 

Prt"cipi1ation in Sacrnmcnto watershtxl 
unimpaired rih~r flow b_:. abnu! l to 

3.2. Net Delta Outflow 

nom !he Delta IIllO Suisun Bny de lined"" Net Delta Outtln\\ 
1:.-, determinn1g s.atinil)' intrusion in Suisun tiny and the 

Unimpain::d unimpaired flo\\ in tht~ Sacramento San 
Joa-quin t Section t) weH from nrher minor trihutnrics 
tfnimpnircd NDO the hypothcticnl Ddtn outilow that would 11Ccur in nhscnce of' any 
upStr(;am di\ crsion or \\ tth th-:: Delw channel and unstr(·nn1 channel 

the- ou! tlPw lfon1 the Delta at the \'>.ide and 
mt:asmcd nccmately. tht: parameter of historical 
bnh1Jlcc t)f rhe inlio\'·>'s lht: Deltn_ liH.::nsun:rncnt~ nfwatcr dtvcrs!on.:-

plnms in thz' Dell<t :md cstinHlh.~~ oft1<:t withln-Dcfla consumptive usc 
prcrip1tatinn nnd C\'tlfHWflUOll) 



c~amine tlw 
precipitation and 
!921 In present) lhnnthe lola! annual 

most orthl~ nna-il)l"''''"' 
(Fig\ltc 
shows \he distribution is po"-itivcly 
rclntivcly !l~\\ 

Feb1umy 2(Jj(l 

Figure' J .. J -~ J.lonthfy Distribution of Pr\~dpii:ntion In the Sacramento River nasin 
tlwnu,lfh :nos A !wabil 

h,1 1ft•• blue ~tjiflf/"t'\, wlttf,' Ihe 

f\lonthlv distrihutinn nfunimpain·d flow In tilt• 
SarnlJ.uento nnd ~an Joaquin f.tiv(•r basins 

u a!.'r l't'<U \ !'1!! r!rrtllildt }0/J,\ {!1\'' 1rge\ tO I! 

>qnarn_ wllifer!J,• 
t'erfltY!IIm'-' for ''dl'lltmmtfl ttJtd 1/!c In 



3. Instrumental Observations the Last 140 Years 

f'ickf 111C11SUI\~111Cl11S 0f rain and \110\"\ 

pnkoc!imatc records ofprccipiWtion·, similar!~ 
greater and n.:~olutioo than the pak:o~n1inil,;. 

will to 

The nrst sub~Sl:Cti1H1 presents lthservations ,.,. •• ,.; .. ,;,.,,;,.,. 
basin mdicating the nuturn1 climatic 
the "nlcrshed The second 

(NDOL 

(without \V<'lh:~r di\'ersion'i nnd 
(ac1ual) conditions~ cnmpmison m1impnired 
of\vatcr management practices, The third suh";.;cction 
mndd~ha::;.cd estimates or salinity nl various h)cnt!ons within 

3.1. Precipitation and Unimpaired Flow in the 

Precipitation in lht:: 
svstcm, which rould 

falls as both rain and ~nnw the 

( runof'f) ar..: gcn<:tafly 1J:::cd to 
r-:prcs(:nls the: nntoml watd 
rc-;ervoir 5tontgt~ and 

As di~cusscd in Scctinn 
11trong variability b,;twc~n 

Fcathm Rive, in!1uw w 
to (hnp /lcr.ec walt~! 

'J ''{ !ni1Hpaircd Sa11 Jnaqtlin Ri\TI' lln>~" 
intlnw In New ivldi)!'H.);.. I 'fllnlmnnt• Rivl~1 
Like i\·kC!un.:, nnd ~an Joaquin 
p!ogslitldi!!\VSII fl'l n 

Basin 

that the n~:·nds m tht..• total zmnun1 unirnpain.:d Sac~:Hllt:tHo ~~ i\ ('I flmy 
evHknt in the total annual .:n Quincy flop panel) nnd the 

RiH'r flo\\ punt;!) Altematir1g J."'t:rinds of wet 
'l"hcsc data indicate !here were \Veltcr than 

Jl)l\owt.~d bv ;.;evcrc cnndition!-1 in 
until !he 

Figure 3-1 Total annualpn•cipitatinn and unin'lmircd now in the 
upper Sacramento ami Slln .lomtuiu River basin~ ( !872-200'!) 

ilf tft,, mwt!n:o'.fcrll Swrru 

21lHl 



Rush Ranch 
Suisun Marsh 

tlw 

ccologi<~ni rlif't;,,-.,nces 
1~1tes ovt.:r time) I {D\\\~\ t:r. 
and carbon i;;;otopc~ 
nbnul 100 vcnrs 
0 f rCC(}!lStrm:tcd rcrnrds 

Roe Island 
SLJis:un Bay 

Browns Jsln:nd 

Location of 
Sediment Cores 

Conclusions 

bm:m f'nr Snn rn:m<.·i::-co Baj recorded in tn.:t..· 
indicatot orsdliflity ncar nwulh of' the !3a~ ftJr1hc periud 

\Vater di\-Gtsions have increased ohscn~·d snlinitv 
[h1.· k•\t.'l predicted fh11n [lrt:cipitmion c~tirnat~s 

''d'""''""'"lv fn.:s.lnvaft:;J system fb1 
droughts 

period idemifwd in unlmp::dn_!d Sacramento River llm\ 
in Suisun B~tY ~cdimcnts hut not in Ddta !'-cdimc-rH:;_ 
nntlntrutk~ n~ far into the De!tn during past droughts 



flow 
may re!ltct the 

Figun.- 2-4 PercC'nt t'luwge in obscn't'd ~nlinit)· relatin.' to fH't~diet<.'d (n'\'HII.'>tnH.'tcd) 
for !ht' 1922 to 1994 

These d<l!:l <>uggtst that the \\;1tt:! '"""'"'''''"''"' 

salinity, wilh an c~G1l~1ting t:f!t~rt O\ cr t1ic period 
that s1gnif!Gmt modif!cauons to 
otcurn~d prim to the 19"1 enfihratmn 
this studv is unnhle to cvalu<~te tht~ effect nnt'lm111iWr'n 

rollowin.g SoJCth:m ~i:J!inity jlr10f !O human 111i<'l'li'n'l1U' 

Ddt;, 

Tree ring reconstructions .:,;urh 
ndvantuge high temporal rc;,olntion ( i <' 
l ,000 .i a pos:,ihk dlqdvanta1:c 

r\ second P')s:~ihlc dis:advnntagc 
rt:1notc lncntion of the trees rc!at!v~..~ 

assume 
~d· the quantity of 

<'f u!., anthropog~~nic watct 
ll'l~HHlgt:lllent af1\:ctS lht: ,mJOU!lt pf \Yi11e! thHl f1m\ '.through 1 he CSll!a!) 

Sediment Core and Fossil Data 

nr''""'"'''"''n ~HKI c.,~1!tnitv d(';nYed ti·om tree 
on to ddt:rnm;c local salinity ha\'C\ 

tkpo~its nccum.uiatcd in the sediments contarn signatures of' the 
amlw:nt conditinns that can ht~ U'>t:d inft:r the Htrintion~ in salini1y <)ver geologic time 

Although reconstructions fron1 -;ediment .:·me" coarser tcmpnrnl resolution than 
the \·arin.t!on::; in climate ond to change hctter derincd 

then climate change prescrvc.d ttmt:: 

in tht.; \VI2Stt!rn ri~lta nnd Suisun 
The data indicate thnt Bwwn~ Island 

Rivl~rs. in tht: western Delta 

Fcbnmrv 



Figun~ 2~2 ·~ ll.N'(Hl.StrurtNI annual unimpairNi Sacramento River flow from 1630~I9'77~ 
.!fll!llf,il rec;•n->!r!lt'!t'd NJJINI!hflr('d Sd< nr!/i,'!l!p 

!tUOto lilth'/'<'rrl}dlnl'l 

'enm•rnu"fll'f! hl\t:! Jl<lild rlflt\!nun 

instance, 
average 
average 

Tnbk• 2-2 Pt•rio<ls of drought fmm the reconstru<:tcd alltl olN'rHd rt•eon!s 
uninqmin~d s~HTaHH\nto HJn·r 11tH\ 

Conclusions 

Reconstruc-tion of unimpaired 

:\nmwl prccipitntinn j.., highly vnnnhh: 
can be very wd 

T!h~ Sacramento Ri\ e1 b:1<in """''.'"n"'''' 
lO 1400 

The drought 
conditmns in 

m the J 9:-?(Y:-. and 
lasl400 

period I 100 

2.3. Reconstructed Salinity in the Bay-Delta Estuary 

Tree Ring Data 

inten1ctinn bet\Ycl'n water fl·-om lh~ Pacific Ocean nnd fn.:sh water fhrm !he 
riv0rs no wing into the Delta tktcnmnes I he arnblent salinity conditions in !he Delta and the 

El\timate:s ofhi$lmic<Ji deriVt.:d frnm tfcc ring dnhl cnn !ht:refore be used to 
condition•; in th,; Ddta 

1!'t'l' ring chronologies rrorn btuC' oak tr-ees lor:ttrd ln the drainage 
to n:'construct sa!imty at the mouth nfSan Frannsco 

num[lcr of HH:ftH'S ioOoence otht~r ihan 
authors a time pt,•riod 

f:1irlv cnn'>tan1 in mean 
correfatt~'\ weir with safinity near the 

transll:r fum:timL Stahle ct L:OtH ) recnn,-:trucled nnnual 
<ill yeats ! 6ll4 tn l 1)t)7 

. .. 

Fi~~UIT 2¥3 fh~constvuctt•d saHnif~· near tlw mouth of San Frandsen Hay l'Ompan•s well 
with n'constnu.'tNI nnimpain~d Sa·rramento Rin•r flow in tht~ 'Watershed 

the s.alini1\· n:construcHon bY Stnhlc d uf 
. Mck(\1'1;,; COO!h) 

flo\\ salinit~ 

) compnrc-;:, \Vc-11 
data 1\lllow the 

tht;: period from 

2()!1) 



1906 to 1009 of' IS million 

Figur~ 2-1 Reconstructed annual unimpaired Sm•ramentn River flow 869 CE to 2009 CF 
·limuul r1'COtf\f!'lfl (t•d /fflffJ![l(f!q\/ S~rrru!IIOJ!rft Nn'u lfn,• 
uwumf olm>r1wl ttmnftfl',m; !WJ6 w :ruw 

{Iih') i!!mti'Ofn·tlh're 

II 

u! t200la) indicn!t:d tiut f\Jr thl~lr l, reconstructed period, the 16JO-J'J77 
data rnorc rdlnbie than the time period, or better ;l\ nilahillt}/ of tree~ ring 
lnfonnatitm nnd ">Hpcrinr n.:e,1c"sinn model stntbln:;-, show-; the 

urannual onimr;~1ir..:d Sacrame-nto Hi\'LT flow rrom 1610 tn 19Tl rmm Md:o u! 
sho\'>'S th;.;n, t1 gond match the reconstructed 

at111unt flvw" (n.·d line) the period ofon:r!ap 
record-.; ( rmm l tl(j{) !o 

<lft,; COflS!SICil( holh Wt!h 
nr,,,,,"""''''"'" ;md c;;;tnnated Sac-ramento RiVl'r runoff (('11 thc\t: Om(: pL:riodz; 

liternHn"t~ n:ports of'hi~toricnl l..'nnditions S(ctlon 

\\\.Tl' 



2. Paleoclimatic Evidence of the last 10,000 Years 

2.1. Major Regional Climatic Events 

tVlnlamud, Roam ,.1 ul I 1007 l 
.s:ummnrizing evidence of cfimatc 
Delta system (Tal>!e 0 .1 ). 

6 kalo k~ 
40{)0 BCE.!o 300() BCfi 

drier 

Trend w mm~ arid, 

numh.:r nfsci.:ntiflc s1ud!t'S ha\·c u~c\i pnko-rcconstJudtun tcdmtques: tn obtain 
centenniaf nnd mil1t~nniJ:l time !'.calc) records of rin:r llo\V ( e !993, 

1 and ~ali nit~· or rhe Bav :and Odtn ln1!ram and I 90J_ \Vd!s and 
· 11t J'l%: Ma1. 1'19'1: ~ ol .. ::'001 <inman and WeiJs. 201111 . 

"!110~: MalammJ,Roam ,•r 7 006. MabmucJ, 
The r(:constructions dcscri!x:d m the roHowing 

indteatt•d in T:thh.: ! this w:;:1::: 

followed by tdatlvdv -::ool \Vet 

return of dry, conditionS 1H the: early pat t of 

2.2. Reconstructed Unimpaired Sacramento River Flow 

Mcko '"' u!. i200Lrbluscd 
reconstruct t11ne of annual 

I I O(] 1 ears (lor the pcdod 869 . in 
ncm ~:>an cstimnte ufthe flow that would occur in the: basm without the 
m<1:na~crn,;:nt ncth 

the 

bctw~en mdividual wnteT years (Figure l!, 
n·orn appH)XinHttel) of average to :?65(~0 nf tl'> crag e. wh~rc 

prncticn1 pUt pose~; a:. the ::~vemge oh.:..en cd unirnpalt'Cd now Crom 

SnCI'itm;;-nln R1 V<;l 

~nHHI\'ilk,, and 11H? !lnw oftht 
tvpknl!y H<'~cd in llvdr'n·clinl<Hk 

l 

JOJO 



1.3. Objective 

to anS\\Cl 1\\(1 rnajor quc~tions 

in the: Delta ,md Bav 

l. 
scale r~.~servoir operations and \Vntcr 

structural changes in tht> Delta (i t' prior to the I 

II. What nrc the effects of l:ugc-scalc Wilier mana'"'-""'" 
nnd di\crsioo~ 1 on s;tlinity conditinns the 

1.4. Report Structure 

St•c·tion 2: l'nlroclim:Jtir Evid~nt<' of llw Ln>< Hl,IJOO 

Fstimatcd river !low dam and salinit; 
obtained from n.::cords, 

instnm1cntation 

St..~dion 3; instrumental Ohservations of the Lasl I·HI YnH'~ 

m~.::a::.mclncnts of salinity indknt1)r~ 
Corporation ( C&ll) from !he early and 

E~·olngicat \JFPL ivlodcling tnnls inciud~;~ th~";> 

!he DSI'vl:: fromtht: Ct11ilhrnin n,·pnrlnk'nt 

!:! :OI(\ 

the 

( rt'S('rvoi~" upt'mtinn'-1 

cquntion (!<1'rnmerer and Mnnismith, !992l and Contra Costo \Vater DJS!ricrs salinity 
1nndcl ralso rdCrrcd to as tht~ G-mudci) {Denton, Dcn1on and Sullivan. 1903', 

Srction .. t Qualitativr• Oh~H·rvations nf lfistorkal Fn•shwatr:r Fhrw ami Salinity 
Conditions 

Qua!itati\c ()b:,ctYat!ons on ~;;tlimty conditions. in the western Delta and Suisun Bn~ from an 
fmvsuit and fmm variou~ lite-rat ore an: diS.t~USSt'ci to 

I ~oo· s and carl; 1 

tht: upstream \Vater JfverSi'0!1S of 
Antioch\ \Vi!li,ml:r Irrigation D1.stdcL f1ricfings lestimon\: fnHn th\: h·gn! 

inJicntivc <)fthc sali11i1y· \:ondition::. prevailing in the ~arly 1900's_ as 
cc~pons nr C<lllditions in the western Delia and Suisun (Ontain 

ohscrva!lons and anecdotal inf()rmntion 
Becm!sc th~~ proceedings \Vert: ndversarinl in nature, report f(1cuses on the 

tc;;;timon) t\·ho Wl'fC to ckmnnstn11c the cxwnt ofsnlinily 
that th(; Supn.:m~ Court did no! hnse 

/\ntloch h::ld continuous tn 
The Cuun·~ tkl'l5ion wa'> baser! on the State policy to migatc much land ib. 

ft1r ngfitultwc·. the Coun did nnt pass judgment on the nccun:lc,· ufth~.: te::.timony oJ 

Sc\'tion =': CondusiHns 

through 4 and the overall 



i~ tht~ dislanct:_ in kihmll'h:r-. from 
X~ nh~an!l has lnouded 

relutitlllShip hct\Vt:Cfl and es!uanne hnh1ta1 is t!i<-;cusscrl m detrdl in ul 

have rnodilkd hnw the 

m 

of rh ~r llt)\\ s 
and limtng 

have 
thu:. nllercd the 

patterns of salinit) intrushm into 

1.2. Comparing Historical Conditions 

conditions pnnr to humnn irHt.:rfCr'.':nce varl~:~d ac-:ording_ tn scasonni and 
nv,llrC!IO!,Ctc,or \.:ondit!on:.. <;,hort··tcrm and fong-lt:rm cyeh:·~ and othe1 natural 

~o·"nntural'' cfmditions include va!"iaht!ity 1hn1 nwst H11a!vs.!s 
dt::;ctihed "unimpnired~· nuwrc which nnturnf 

unalten:d water divcrswns. 
or impor! from 

in thls report hc,;n dctcnni1h.:d frorn rccmds in 
paleoclimatic und diret.:t!v with vnrinus scientific instruments 
nal'co,clnnaltt dnta start wdl bt:forc lnonm~ ini1uence, hut l.'dntinue through fh(~ C;:ntury 

this n::-pnrt 
the timt,; pt.:'rind t.'lf the observations, and !hen compares ench 

present day with ~imilm up~tream t1nimpaired 
:-.alinitv_ despite snmlar upstr-cJm 

!amlscHpc mnditkntionc.: and waler mnnag,cment 



The ~nlinily cont..-cntrntinns in San Francisco l"hy and 
mnvc :'lt;owmcr inm !he s:;stem nnd 

the 

from \-alk~v rivers, 
and water ~nnn~tgcmrnt activitie~ 
1ndustrial use, 

!\s shown in 
346,001) acres 
dccn:ibC 

as scdim·cnL filling channels 
SUisun Hay became- nn eroqional envimnmt:n! 

1990 l'nnght nnd Culber~''" (2009) dJ'cuss tlw 
harchvlm•fn.• nn s:~llnity intrusion rv1ajor 
('reate the and Satnuncnl\1 Dc~~p 
ho\v flmv~: amL there!()!\':, salinity nre di:stribukd throuFhc>u1 

Each of these HKtor$ has 
incn.~nsed tidnl energy 
(l'nright and CulheJSnn, 
increas...,._d dtspersi\\~ transport up the 
deeper thnnncl<; nl!ow lncrL'ascd sa!initv intrus10n 
incrc.as(:d tidal nnw ;}11(1 dispersion -

t towevcr. these 
the Delta than 

in 

incrcast: in up-;tremn reservoir stongc ncruned from the 
Prio1 h.• the COlblrtK'tiol1 wa!cr management rc.sc!Yi)irs 

gre"\\ ln about 4 ivt;\ F The construction rcservQirs allowed 
L \\hen the Cirst south Delta export 

han: incrcnscd to a mnxlmum rd' nbout 
i'rorn the sysh·m Ml' cstimatl'd nr up ro f "1 Mi\ F 



(b) 

1. Introduction 

1.1. Background 

The Sacramento-San JottqUJn RJ\~,;r Delta {Delta\ 
Rivernnd 1h1.~ San Riy~,~rbnsim l~!) 

f='ranr,lscu Bay ~md 
tiJrth bd\\\·:en !he Dcdta nnd lbc Bay results 
Ocean ilnd water from 1hc 
nccan wakr intrude::. into the, DeltJ h 

lOr ~dgnificnnt additlnnn! altt:ratwn 

prc\intJslv 

An analvsis nfthe sn!initv trends nnd variability 
,;nd the factors c~ntrollillg those · 

and Cu!hc:rson< 2:009), with 
This 

trends 

Fchtuary ~()](1 



Ohsc1wd snli11ily a! Colliuwilk 
Salinity vnriations in San 
Sea-;nnnl Dislrihulinn nfkm,;fdt' 

Acronyms 

C&H 

CCWil 

CDFC 

CVF 
DPW 

DSM2 
DWR 

DWSC 

EC 
FNSO 

ES/\ 

IEP 
M&l 

NDO 
PIXl 

Pf'IC 
SWRCB 

SRI 
~TOR IT 
SWP 

TBI 
ms 

II nits 

/\F 
MAP 
TAF 
pSfcm 

cis 
mgll 

ppm 
ppt 

Fehitnuv 2010 

Ch!orid~ coJwentmt!{ll1 

Central Vnllcv Pwjcc! 
Dcpnrtmcut off'uhlic Wnrk> 
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