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This technicamemorandumprovides a summary dhe sensitivity analyis performed to ascertain if the
water quality compliance issues identified in the public draft BDCP EIR/EIS (DEIRS) are a result of the
assumed operational assumptions in addition to lineitations d the modeling tools used.

Background and Objective

SWRCB641(D-1641)water quality control standards are included the madelingof the DEIRS
However,modeling results presented in tHREIRShowed exceedances tife standards at seeral
locations,both underDEIR®aselines as well dbe Alternatives, including

Agriculture salinity compliance Bacramento River at Emmaton

Agriculture salinity compliance Ban Joaquin River at San Andreas Landing
Agriculture salinity compliance fDld River at fecy Road Bridge

Fish and Wildlife salinity complianceSan Joaquin River at Prisoners Point
Fish and Wildlife salinity.complianceSanisun Marsh
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Modeling sensitivity rungvere formulated to examine the documentedexceedances ara result of the
limitations associated with themodelingtools or potential project related impactS.he sensitivity analysis
was limited to the DEIRS Existing Condition, No Action Alternative, and Alternative 4 H3.

Key Assumptions for DEIRS Alternatives Considered

DEIR&Xxisting Condition reflects currealimate and hydrologiconditions and includedSFWS andMFS
Biological Opiniosi(BiOps) except forthe Fall X2 aton. DEIRSIo Action Alternative (NAAgflectsLate
LongTerm, or LLTonditions(about year2060), increased demands, climate change and sea levelinise
addition to the BiOpsDEIR®&lternative 4 H3 LLT (Alt4 H8)consistent with KAexcept the San Joaquin
Riverinflow to export ratioaction of the NMFS BiOp is not included4A#3 also includes:

Proposed,000 cfs North Delta Diversion

Additional Oct-Jun OMR based south Delta export restrictions

Head of Old River Barrieperations

Proposed Fremont Weir improvements

Yearround Rio Vista minimum flow requirement

65,000 acresf Deltamarsh restorationand

D-1641 Sacramento Riveomplianceat Emmatonrelocated tothe confluence withThreemile Slough.

DEIRS Salinity Modeling Approach

DEIRS salinity impacts were analyzed based on the modeling results from CALSIM Il anchDigtiihsiof
the DEIRS baselines and Alternativesletailed description of the modeling tools and approach is provided
DEIRS Appendix 5A.

CALSIMI is awater operations modethat simulates Delta flows faegulatory and operabnal criteria
assumed uder baselines and the Alternatives on a monthly time st€pe modesimulates compliance
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BDCP EIR/EIS WATER QUALITY SENSITIVITY ANALYSIS

with salinity standards in the Delt€ ALSIMH el i es on an “ Ar t iN)forcmomthly Newur al

averaged flow versesalinity relationships in the Delta

DSM2usesthe monthlyCALSIM Delta flowresults, and simulates Delta hyalynamics and salinitifom

the water year 1976 to water year 199dn a 15minute time stepandaccounts for the sea level rise and
the proposed restorationFlow inputsassumedn DSM2modeling for EIR&e based on monthly CALSIM I
outputs downscaled to a dlg time step using WY 19761991 (16 years)istorical flow patternsas shown
below in Figure 1The daily patterns assumed are based on observed historical Delta flogvdparot
represent any sumonthly operational adjustments that could occur to address any potential issues with
salinity control in the Deltander the DEIRS Alternatives

Daily averagedsalinity outputsfrom DSM2simulationswere used to evaluate comphiae with salinity
standards in thddEIRS

Sacramento River Inflow into Delta

CALSIM 1l Qutput DSM2 Input
80000
70000
60000
s 50000
o
= 40000
o
*- 30000
20000
10000

0
010ct76  0llan77 01Apr77  01ul77  010ct77 01Jan78 01Apr78 01Jul78  010ct78

Figurel: Example Plo€omparg Monthly Sacrament®iver hflow to the DeltaResulting frorCALSIM Model, and
assumedaily PatternedSacramentdriverinflowin the DSM2 Model in the DEIRS.

Sensitivity Analyses and Findings

Sensitivity uns were formulated based dhe key modeling assumptions used for tB&IR3\ternatives
and thesalinitymodeling approachised to identify the reason foreported excedanes.

To explairexceedances at Emmaton the followisensitivityruns performed

1 CALSIM Il run of AlH3, withsalinity compliance at Emmaton, and correspondi&M?2salinity
simulation

1 DSM2 rurusing CALSIM Il output for Alt4 W8h compliance at Emmatowithout the daily patterning
of Delta inflows

Additionalvariations of DEIRS AIH3 DSM2 ruswere simulatedo explainexceedances at other

compliancdocations includng

1 removing daily patterning of Delta inflows Ait4 H3DSM2run

1 Alt4 H3DSM2run with Montezuma Slough Salinity Control Gate (S@@jations consistent with the
NAA

1 Alt4 H3DSM2run with NAASCQperations and removing 6800 acres restoration

1 Alt4 H3DSM2run with NAAHead of Old Rer Barrier operdons.
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BDCP EIR/EIS WATER QUALITY SENSITIVITY ANALYSIS

DSM2 sensitivity runs listed above were simulated at LLT condibids.DSM2 run at LLT accounts for 45
cm sea level rise at the Golden Gate Briddgel H3DSM2runs at LLT account for 65,000 acres of
restoration in addition to the 45 cm sea levide. Even though the sensitivity analyses were performed at
LLT, the factors identified to explain modeled salinity exceedasicelsTare expected tde valid similarlyat
Early Londerm (ELT) conditions.

Threemile Slough vs Emmaton Compliance

As noted above, CALSIM Il modeling of Alt4 H3 in the DEIRS assumed shiftii§4tiesBlinity compliance

at Emmaton to Threemile SlougBALSIM II resulfsr the sensitivity runAlt4 H3 with the compliance

locationat Emmaton instead of Threemile Sléwighowminor changes in the system operations with

slightly more upstream releases, more Delta Outfenvdless Delta Expori#ilso, Delta exportare shifted

by a small voluméo the south Delta intaked-igure 2 showthe average annual Delta exports Wwater year

type for the Alt4 H3 with compliance at Threemile Slough as in DEIRS and at Emmaton. Overall, the
differences are negligible with slight reduction in telow normal and dry year$he shift in compliance

location was found to affect the conmiphce with D1641 salinity standards iBacramento Riveat

Emmat on, San Joaquin Ricver at San Andreas Landing,

Multi Study Comparison- Average Annual Results
Delta Exports
Water Year Classification: SAC 40-30-30
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Figure2: Comparison ofiverageAnnual DeltaExportsfor Alternative 4 H3 witltompliance at Threemile Slough and at
Emmaton.

Emmaton Exceedances

Table 1 compares the percentage of dayth modeledEmmaton salinity exceedatle compliance
standardunderthe DEIRSEXxisting Condition, NAA and Alt4,8th Alt 4 H3sensitivity run with compliance
at Emmaton instead of Threemile Sloug@bp rowshowsthe percentage of time Emmaton standanchs
exceededvhenDSM2 inflow inputsire daily patterred as in the DEIR&dthe bottom row shows the
same value when DSM&flows did not includelaily patterning Thevalues in Table ¢how number 6days
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with modeled exceedancexpressed as a percentage of days when Emmaton standard is, adtiohis

2192 days during WY 19768991 Overall,assuminghe compliance locabn at Emmatoninstead of
Threemile Slough in the CALSIM Il modeling alloswegedanceat Emmaton decreasiom 28% to 15%
under Alt4 H3, antiroughtthe remainingexceedancea lot closer to the NAAvhich has 13% exceedances
Daily patterning of thd&SM2 inflow inputs had less influence on the exceedances.

TABLEA
EmmatonSalinity Complianc&xceedances
Percentage of days exceeding compliance standard during WY199762192 days)

BDCP DEIRSternatives . .
DSM2 Inflow Assumption H3_LLT wn;momfllin%e at Emmaton
EX NAA_LLT H3_LLT ensitivity Run
with daily patterning 6% 14% 28% 16%
without daily patterning 4% 13% 28% 15%

Sacramento River at Emmaton
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Figure3: D-1641 Salinity Control RequiremetttEmmatonas Simulatedn CALSIM I

Remaining exceedances under NAA and Altatd3rimarily a result of the CALSIM Il limitaticBsce
CALSIM Il is a model with a monthly tistep and a number alailyD-1641 standards aractive during
only portions of a monttiex: April 1-June 20 and June 20 to August 151641 standards are calculated as
a monthly weighted average. Wheine monthly weighted average standards calculated for CALSIM Il are
less stringent thathe dailyD-1641 EC standards, CALSIM Il adjustB &nd CVP operations to release less
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flow to meet monthly weighted average EC standards insteaeoflow neededo meethigher dailyD-
1641ECstandards. Figure 3 shows the difference betweeily D-1641 EC standard®d the monthly

weighted average Estandardanodeledin CALSIM ITherefore, within the months where the salinity

standard is transitioning, there may be days where DSM2 inflows are less than the required to comply with
the salinity standard, and more than on other days. This resulidénv days within such months where the
modeled salinity is exceeding the compliance standard. However, in reality the CVP and SWP operations will
be adjusted on dayo-day basis to meet the Delta standards. Figures 4 to 6 show examples of salinity
exceedaces during the months with transitions in the standards.

Table 2 summarizes the reasows the remainingSacramento River at Emmatemrceedances. As explained
above mostof the remainingexceedancearea result of a transition.in EC standasgishin amonth and

the inability of CALSIM Il model to respond to a transitioning standard within a given month. In some
months, unavailability of the flow to meet the salinity standards in the Delta when upststarageis at
deadpoolconditions was a factor fdhe exceedances at Emmaton. Other months haxecedancethat
areinsignificant (having only a few days of exceedances, surpassing the standard only by 0.7 mmhos/cm or
less)when considering the uncertainty in the CALSIM II/DSM2 model accUiaese area few months

where the Emmaton standard is exceeded under-NAA, Alt4 H3, or both, and the reason for the exceedance
is not fully clear. It may be due to the uncertail
needed to meet the salinity requment. Given that upstream storage in these months under NAA, Alt4 H3,
or both is available, it is not unreasonable to assume that CVPand SWP operators would adjust the
upstream releases to meet the salinity'.conditions in the Delta, based on the reatdinuitions.

Sacramento River at Emmaton

wmnD1641 Standard - - CALSIM_EM_EC_STD
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Figured: Simubted Salinity at Emmato@ompared to E1L641 Standardor Yearl979
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Sacramento River at Emmaton
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Figure5: Simuated Salinity at Emmato@ompared to F1641 Standard for Yed984

Sacramento River at Emmaton
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Figure6: Simubted Salinity at Emmato@ompared to E1641 Standard for Yed987
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TABLR
Emmaton Standard Exceedances
Modeled Monthly Performance under NAA_LLT and Alt 4 H3 (with Emmaton Compliance)

WY WYT  Apr May Jun Jul Aug Notes
1976 D T T U T Alt4 H3violation end of August
d4,d8
1977 C d4,d8 d4,ds8 T d4, d8for both NAA and Alt#H3; T only for NAA
1978 AN T
1979 D s (0.05) T s-0.05 mmhos/cm (1.67)
1980 AN T T few violationsduringtransitionat end of June

d8 for Alt4H3only; many violationsluringtransition inmid-

1981 D T T d8, T Junefor NAA; few for Alt43
1982 W T
1983 W T
s-0.02 mmhos/cm (0.45tandarg; s- 0.06 mmhos/cm
1984 W s (0.02) s (0.06) T (0.45)
1985 BN s (0.04) T s-0.04 mmhos/cm(0.45)
1986 W U U T
s-0.07 mmhos/cm (0.45) and-9.04 mmhos/cm (0.45) in
s (0.07, May; few violationgluringtransition inmid-June Alt4H3
1987 D 0.04) T U T violation.end of Aug.
1988 C U U Alt4 H3violation end of Aug.
1989 D T U 0] few violations.in transition imid-June
1990 C U d4, d8 d4 and d8 for AltH3only
1991 C U

Notes:Grey — Alt4 H3LLT{(with-.compliance at Emmaton), PiRkNAA monthly, White- both scenarios s— exceeds compliance by
approximately 0.05 mmhos/cm or less;-Transition in EC standards,tunresolved, d deadpoolat Shasta (4), Oroville (6), or
Folsom (8)

San Andreas.Landing Exceedances

San Andreas Ldmg had very few exceedances in fDEIRS modeling as shown in T&hl€able3 below
showsnumber of days with-modeled exceedaerpressed as a percentage @yd when the standard is
active, which 2,192 days during WY 19891 Removing the daily patterning resolved the NAA
exceedances completely, and reduced the Alt4 H3 exceedances byh@Emall number of the remaining
exceedances under Alt4 H3 are found to be small in magnitude and only during a few days in a month as
shown in the Figures. 7 and &nd can be addressed in the real time operations

TABLB
San Andreas Landirgalinity Complianc&xceedances
Percentage of days exceeding compliance standard during WY199762192 days)

BDCP DEIRSternatives H3_LLT with compliance at Emmatol

DSM2 Inflow Assumption

EX NAA_LLT H3 LLT Sensitivity Run
with daily patterning 1% 1% 6% 4%
without daily patterning 0% 0% 3% 2%
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San Joaquin River at San Andreas Landing
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Figure7: Simulated Salinity éban Andreas Landir@ompared to F1641 Standard for Yed®©76

San Joaquin River at San Andreas Landing
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Figure8: Simulated Salinity at San Andreas Landognpared to E1641 Standard for Yed©85(BN
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Old River at Tracy Exceedances

Table 4 shows thaemoving daily patteringof the DSM2 inflowsesolvedsome ofthe Old Riveat Tracy
exceedances. Rammning exceedancamder NAA and Alt4 H&e mostly in the drier yearand during early
summer monthsThesemay bea result of the differences in the south Delta temporary barrier assumptions
in the drier years, and may iesolved by modéhgtemporarybarrier operations consistent with historical
dry year practices of installing earlier in the yeEneOld River at Tracy standaislactivefor 5,750 days

during WY1976-1991.Table4 below shows number of days with modeled exceeda®eressed as a
percentage of dys when the standard is active

TABLE
Old River at Tracy Exceedances
Percentage of days exceeding compliance standard during WY189765750 days)

BDCP DEIRS Alternatives

28M2 Ir;flow H3_LLT with compliance at Emmat&ensitivity Run
ssumption EX NAA_LLT  H3_LLT

with daily patterning 4% 4% 6% 5%

without daily patterning 4% 4% 5% 5%

San Joaquin River at Prisoner’s Point Exceedances

Pr i s dhoing axcedancesemainedunderall sensitivity analyses performed fait4 H3, even though
exceedances aneduced when the rest@tion is removed. This iofentially due to the HABB assumption
differences, and Soutbelta export differences between A3 and NAAThePr i soner ' s Poi nt
active for 732 daysluring WY 976—1991.Table5 below shows numberfadays with modeled exceedance
expressed as a percentage of days when the standard is d&ativarious sensitivity runs

TABLB
{Fy W2 |jdAy wA O FEKkdddnces NA a2y SNRA t 2Ay
Percentage of days exceediegmpliance standard during WY 197891 {32days)

BDCP DEIRS Alternatives H3_LLT with H3_LLT witt8C(  H3_LLT with

DSM2 Inflow compliance at H3 LLT and No HORB open in
Assumption EX NAA_LLT H3_LLT Emmaton with SCG ; P
). Restoration Apr-May
Sensitivity Run
with daily patterning 5% 1% 22% 22% - - -
without daily patterning 5% 0% 22% 22% 23% 13% 17%

Suisun Marsh Salinity

As shown in Figureésand 10, making thesalinity control gateperationsunder Algd H3to be consistent

with NAA, Suisun Marsdalinitywas found to becloser to NAA; however, still high during Glmer through
May. Removing theestorationunder the Alt4 H3esolved this, whiclsuggests thatestoration may be
contributing the higher salinity under Alt4 H3, aredining the restoation footprints may help resolving this
issueto an extent
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Montezuma Slough at Beldon's Landing
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Chadbourne Slough at Sunrise Duck Club
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Figure4 ModeledMonthly Average EC at Chadbourne Slough at Sunrise Duckv@halged ovewyY 19761991
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Summary

Several sensitivity runs were modeled to determine if the reported salinity exceedances in the DEIRS are
because of a limitation in the modeling tools. As explained above majority of the exceedances are because
of the assumed operational criteria under BBl Alternatives. For exampiepdeledexceedances at
Emmatonunder Alt4 H3are comparable to NAA, once the compliance location was assumed to be at
Emmaton instead of Threemile Slough as assumed in the DEIRS. Another example is the Suisun Marsh
Salinity Catrol Gate operations assumed under Alt4 H3 in the DHIRSsensitivity runpoint to modeling
limitationsfor the remaining exceedanceSven though the sensitivity analyses were performed atthieT,
factors identifiedin this analysist LLTsuch aslie modeling assumptions related mmmpliance at

Emmaton, Montezuma salinity control gate operations eimuld help explain the modeled salinity
exceedanceat ELT conditions.
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