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List of Acronymsand Abbreviations

7DADM
°C

°F
ANOVA
ARIS
BAFF
Banks Pumping Plant
BDT
BET
BLP

BO
BSOG
BSPP
CalSim
CCF
CDEC
CDFG
CDFW
CESA
CFPS
cfs
CHNFR
CHNLFR
CHNSR
CHNWR
CLC
cm
CNFH
CVvP
CWT
D-1641
DCC
DCI
DEIR
Delta
DIDSON
DOSS
DPM
DS
DSM2
DSM2HYDRO
DTUs
DWR

7-day average of the daily maximum
degrees Celsius

degrees Fahrenheit

analysis of variance

Adaptive Resolution Imagining Sonar
Bio-Acoustic Fish Fence

Harvey O. Banks Pumping Plant

San Joaquin River at Road Bridgenitoring station
Bethel Islandnonitoring station

Blind Pointmonitoring station

Biological Opinion

Butte Slough Outfall Gates

Barker Slough Pumping Plant

California Simulation

Clifton Court Forebay

California Data Exchange Center
California Department of Fish and Game
California Department of Fish and Wildlife
California Endangered Species Act
Clifton Court~orebay Predation Studies
cubic feet per second

fall-run Chinooksalmon

late fallrun Chinook&almon

springrun Chinook3almon

winter-run Chinookxalmon

Clifton Court Forebasnonitoring station
centimeter(s)

Coleman National Fish Hatchery

Central Valley Project

codedwire tag

SWRCB Water Rights Decision 1641
Delta Cross Channel

DeltaMendota Canal/California Aqueduct Intertie
Draft Environmental Impact Report
SacramenteSan Joaquin Delta
DuaHrequency ldentification Sonar

Delta Operations for Salmonids and Sturgeon
Delta Passage Model

Delta Smelt

Delta Simulation Model 2

DeltaSimulation Model Zwydrodynamic
DailyTemperature Units

California Department of Water Resources
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ECGPTM
EDI
ESA
Estuary
ESU
FETT
FEIR
FR
FRFH

ft

ft/s
FNU
GSEWG
GYSO
HLT
HOL
HRL
ITP
Jones Pumping Plant
JPE

km

LAD
LFS
LSNFH
MAF
MHO
MIDS
mm
mph
MSD
m/s
NAVDS88
NFH
NMFS
NPDES
OBI
OH4
0SJ
OMR
ORQ
DWR
PFRS
PPT
PIT
POMP

Ecological Particle Tracking Model
EnvironmentaData Initiative
Endangered Species Act

San Francisco Bay Estuary
Evolutionary Significant Unit

Fisheries Engineering Technical Team
Final Environmental Impact Report
Federal Register

Feather River Fish Hatchery

foot (feet)

foot (feet) per second
FormazirNephelometric Units
Guidance Structure Evaluation Working Group
Goodyear Slough Outfall

Middle River near Holnhonitoring station
Hollands Cumonitoring station

Healthy Rivers and Landscapg®gram(previoushyVoluntary Agreements)

Incidental Take Permit

C.W. Bill Jones Pumping Plant

Juvenile Production Estimate

kilometer(s)

length-at-date

Longfin Smelt

Livingston Stone National Fish Hatchery

million acrefeet

Middle River near Howard Road Bridgenitoring station
Morrow Island Distribution System

millimeter(s)

miles per hour

Mossdalemonitoring station

meter(s) per second

North American Verticdbatum of 1988

Nimbus Fish Hatchery

National Marine Fisheries Service

National Pollutant Discharge Elimination System

Old River at Bacon Islantbnitoring station

Old River at Highwaymonitoring station

Old River at Franks Tract near Terminowmitoring station
Old and Middle River

Older River at Quimby Island near Bethel Islarmhitoring station

California Department of Water Resources

Clifton Court Forebay Predator FiRblocation Study
San Joaquin River at Prisoner's Paiohitoring station
passiventegratedtransponder

Partially Observed Markov Process
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PRES
Project
PTM
QA/QC
QWEST
RBDD
Reclamation
RM
RMPC
RPA
RRDS
RST
SacPAS

Salvage facilities

SDM

sDPS
SHAP
SHERLOCK
SJG
SJRRP

Skinner Fish Protective

Facility
SMSCG
SST
STARS
SWP
SWRCB
TAF
TRN
USEPA
USFWS
WOMT
WRCML Model
WS

X2

YBFMP
YBSHRHAPoject
YOY

Clifton Court Forebay Predator Reduction Electrofishing Studies
State WaterProject

particletracking model

guality assurance/quality control

net flow on the San Joaquin River at Jersey Point

Red Bluff Diversion Dam

United States Bureau of Reclamation

river mile

Regional MarkProcessing Center

Reasonable and Prudent Alternative

Roaring River Distribution System

rotary screw trap

Central Valley Prediction and Assessment of Salmon
John E. Skinner Delta FRiotective Facility and Tracy Fish Collection
Facility

structured-decision making

southern Distinct Population Segment

Shapely Additive Explanations

Secific highsensitivity Eezymatic reporter UnLOCKing
San JoaquiRiver at Garwood Bridgeonitoring station
San Joaquin River Restoration Program

John E. Skinner Delta Fish Protective Facility

Suisun Marsh Salinity Control Gates

Salmonid Scoping Team

Survival, Travel Time, and Routing Simulation

State Water Project

State Water Resources Control Board

thousand acrdeet

Turner Cut near Hothonitoring station

United States Environmental Protection Agency

United States Fish and Wildlife Service

Water Operations Management Team
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1. Introduction

Inresponse to theCaliforniaDepartment of Water Resources (DWR) request for authorization for the

incidental take of Longfin SmeBpirinchus thaleichthy&FS), Delta SmeHlypomesus transpacificus

DS), wintetrun Chinook Salmor©Oncorhynchus tshawytsch@HNWR), spriagin Chinook Salmon

(Oncorhynchus tshawytsch@HNSRandWhite Sturgeon Acipensetransmontanus WS under the California
Endangered Species Act (CESA) for exiatidduture operation®f the State Water Project (SWP; Projeat)

the Sacramenteésan Joaquin Delta (Delt@)d Suisun Marsh and Bggollectively the Baypelta), California

Department of Fish and Wildlif€DFWconductedan analysis of potential Projéatffects (Efects Analyss)

for eachCovered9.JSOA Sa ol ASR 2y 52 wQa Adplicaiidn RSLprgérr OperatipnSof t S NI A
the SWPRdatedNovember 1, 2028 TP ApplicationDWR 20238 5 2Dwaf2@nd Final Environmental Impact

Reports (DEIR and FEBCHNo0.2023060467, existing data, and literatur@his documenkh & / 5C2 Q& 9 F F ¢
Analysis for CHNWR and CHNShisHfects Analysis CDFW provides background informatmmthe

Covered Speciemethodologies and approaches ugedassess potentidProjectimpacts and discussions and
definitions of the terminology and informaticawvailablefor the analysisAnalyses conducted fiuFSand DS

are provided in a separateffects AnalysiasAttachment 5 to the 2024 SWP |Helditionally, analyses

conducted folWSare provided ima separate Effects Analysisin Attachment 7 to the 2024 SWP ITP

Together thethree Hfects Analysis documents serve as companion analysethéissuance of théTP for

Longterm Operation of the SWP in the Sacrame®an Joaquin Delta (N2081-2023-054-00; 2024 SWP TP

Inthe followingCHNWR and CHNB&iRects Analysis CDFWeonsidered that Project operations will be
consistent with existing water supply contracts, flood control needs, and certain operational criteria and other
actions set forth in the FEIR, U.S. Fish and Wildlife Service (USFWS) Biological Opinion futidkiorRef
Consultation on the Coordinated Operations of the Central Valley Pr@&@and SWHssued on October 21,
2019 RO019USFWS@®; USFWS 2019 nd the National Marine Fisheries Servicf6) Endangered Species
Act Section 7 Biological Opinion on Laéegn Operation of theCVPand theSWHssued on October 22019
(2019NMFS B; NMFS 2018). However given the limitations orCalifornia SimulationJqalSim 3modeling,
modeled Poposed Project operationgrovided in this Effects AnalysicludeCVP and SWBint operations in
the Delta, specificall@ld and Middle river@QMR) flow management measurgsee Section 5.4 Effects of
South Delta Export Operations on Rearing, Routing, and Sur¥i@ainook Salmonhn addition,CDFW
considered that the Project will comply with all applicable State, federal, and local laws and regulations in
existence or adopted after the issuance of 2@24SWPTPas well as State Water Resources Control Board
(SWRCB) Water Rights Decision 1641641).

1134 dzaSR Ay (K Pedject ref@rSt@all aperatigris$praitied ahd abnditionedunder the2024Incidental

TakePermit for Longterm Operation of the SWP in the Sacramefan Joaquin Delta (No. 208023054-00).

Gt NELI2AaSR t NeP2SOilé NBFSNAR (2 2LISNIrGA2ya AyOf dzRSR Ay 52 wg(
inputs that represent those operations. The Proposed Project does not include all minimization measures (see Appendix C

¢ CalSim Modetig Results) or mitigation requirements thate required bythe 2024Incidental Take Permit
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2. ProjectDescriptionSummary

Under the2024SWP ITHDWRwill continue to operate the SWP facilities in the Delta and Suisun Marsh. The
SWP includes water, power, and conveyance systems, conveying an annual average of 2.9 mifik@t acre
(MAF) of wateffor agricultural, municipal, industrial, recreational, and environmental purpedet also

providing flood contral The principal facilities of the SWP are Oroville Reservoir and related facilities, San Luis
Dam and related facilities, facilities in the Delta, the Suisun Marshtg&imintrol Gates (SMSCG), the

California Aqueduct including its terminal reservoirs and the EMkadota Canal/California Aqueduct Intertie
(DCI), and the North and South Bay Agueducts. Water stored in the Oroville facilities, along with water
available m the Delta (consistent with applicable regulatigns)captured in the Delta and conveyed through
several facilities to SWP contractoB/NRholds contracts with 29 public agencies in northern, central, and
southern California for water supplies from tB&VP.

The Project includes operations of tfa@lowing facilities in the Deltddarvey O. Banks Pumping Plant (Banks
Pumping Plant), the Clifton Court Forebay (CCF), the John E. Skinner Delta Fish Protective Facility (Skinner Fish
ProtectiveFacility), the Barker Slough Pumping Plant (BSPP), the South Delta TemporaryBajaersSan

Luis Reservoir, thBCJ the Georgiana SloudgdalmonidVigratory Barrier, and Suisun Marsh facilities including

the SMSCG, Roaring River Distribution System (RRDS), MorrahD&aibution System (MIDS), and

Goodyear Slough Outfall (GYSO).

The Project is located within the following geographic area (Project sged;igure 1 attached to tH2024
SWRTP):

f Sacramento River from its confluence with the Feather River downstream to the legal Delta boundary
at the | Street Bridge in the City of Sacramento;

1 SacramenteSan Joaquin Delta (i.e., upstream to Vernalis and downstream to Chipps Island); and

f Suisun Marsh and Bay

Project operations will be in all fidiearing waterways within the Project Area. The northern edge of the
Project Area is locateal the confluence of the Sacramen®iver and Feather Rivar Yolo County at
approximately 38.785281 latitude]21.621825 longitude and extends downstream on the Sacramento River
to the Delta. To the south and eatite Project Area is bounded by the legal boundary of the Delta. To the
west, the Project Area is bounded by the legal Delta, Suisun Marsh, and Suisun Bay.

Covered Activitiesontemplated under th024SWRTP are detailed in the permit and includperations of

the Banks Pumping Plant (including water transfers), SkinneiPrithactiveFacility, CCF (including herbicide

and algaecide application and mechanical aquatic weed removal), South Delta Temporary Barriers Project,
Georgiana Slough Salmonid Migratory Barrier, BSPP (including fish screen cleaning, sediment removal, and
aguatic weedemoval), and the Suisun Marsh Facilities that include the SMSCRBRIDE, the MIDS, and

GYSO.
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3. List of Covered Species

The2024SWHRTP provide®WRwith incidental take authorization for the Project for the following species,
NEFSNNBR (2 O02ttSOGAQOSte a a/ 20SNBR {LISOAS&asY

1.
2.
3.

D

LongfinSmelt (Spirinchus thaleichthysCESAsted as Threatened

DeltaSmelt (Hypomesus transpacificy<CESAisted as Endangered

Springrun Chinooksalmonof the Sacramento River drainagencorhynchus tshawytschaCESAisted
as Threatened

. Winter-run Chinook&lmon(Oncorhynchus tshawytschaCESAisted as Endangered
. White Sturgeor{Acipenser transmontanjisCandidate for CESA listing
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4. Covered Species Life History
4.1.Winter-run Chinook Salmon

4.1.1.Listing History

On September 22, 1989, ti@@alifornia Fish and Game Commisdisted CHNWR as endangered under CESA
(Figurel; see Cal. Code Regs., tit. 14, § 670.5, subd. (a)(2J{iM))Sacramento River CHNWR Evolutionary
Significant Unit (ESU), which includes CHNWR populations in the Sacramento River and its tributaries in
California, was listed as threatenbg NMFSunder the Endangered Species Act (ESA) on August 4, 1989 (54 FR
32085) and subsequently uplisted to endangered on Janud994 (59 FR 440). CHNWR were reaffirmed as
endangered under the ESA on June 28, 200%, an extension of th&SU to include CHNWR produced at the
Livingston Stone National Fish Hatchery (LSNFH; 70 FR NWES.reaffirme®acramento CHNWR as
endangeredunder the ESAgain on August 15, 2011 (76 FR 50447). Critical habitat for ClitdWyies the
Sacramento Rivdrom Keswig Dam (iver mile[RM 302) toChipps Island (RM @} the westward margin of
the Delta, all waters from Chipps Island westward to Carquinez Bridge, including Honker Bay, Grizzy Bay,
Suisun Bay, and Carquinez Strait, all waters of San Pablo Bay westwaedCarquinez Bridge, and all waters
of San Francisco Bay from San Pablo Bay t&Gtliden Gate Bridge (58 FR 33212).
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4.1.2.Population Status and Trends

CHNWR annual adult returns were as high as 120,000 fish in the 1960s, but by the 1990s had declined to less
than 200 fish (NMFS 2019a). From 1967 through 2000, CHNWR escapement estimates were based on counts
of salmon passing through one of three of Redff@Diversion Dam (RBDD) fish ladders (RM 243). From 1967
through 1986, Teham&olusa Canal Authority, in coordination widinited States Bureau of Reclamation
(Reclamatioiy typically operated RBDD throughout the entire CHNWR migration period, whicledlfowa

complete accounting of CHNWR escapement (Killam et al. 2016). In 1987, the operation of RBDD was modified
to improve CHNWR migration, with dam gates typically raised frorfiSeptember through mid/ay of the

following year to allow unimpeded upstam passage of most CHNWR adults (Killam et al. 2016). By 2011,

NMFS mandated Reclamation to raise the gates out of the waterrgeud to provide for improved fish

passage (NMFS 2009; Killam et al. 2016).

Beginningn 2001, CDFW replaced the RBDD escapement estimates with carcass surveys that were already
being conducted on the Sacramento River by the USFWS, coupled with adult returns to LSNFH, Coleman
National Fish HatcheifCNFH)Battle Creek, and Clear Creek, as the official means to obtain an annual CHNWR
escapement estimate (Killam et al. 20GI)FW 2028.

Since 2001adult escapemert(in river and hatchery; Sacramento River systaemie highest irR005 and

2006 with estimated total retursiof 15,839 and 17,296 adults, respectivéfjgre2; CDFW 2028. Between

2001 and 2010, the average adult escapement was 7a68&ts however, in the following decade (202020)
there was a precipitous decline in returns with an average of 3,676 adults observed. The lowest escapement
since 2001 occurred in 2011 with an estimated return of 827 adults. The largest return of adult20fi6cand
2006, occurred in 2021 with an estimate of 10,548 adults (CDFWIR0R3e 2021 escapement estimate was
greater than the 2001 to 2010 average, but well below 2085 and2006 estimats.
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Figure2. Total Sacramento River system annual CHNWR escapement estimates for brood ye&@2970
(CDFW 2028. Escapement estimates include the number of adult CHNWR returning annually in the
Sacramento River, Battle Creek, and Clear Ce®kthose propagated at the LSNFHCFH.

While the 2021 escapement estimate was relatively high, the natuigin CHNWR juvenile production

estimate (JPE), a prediction of the number of juvenile CHNWR that will enter the Delta, was comparatively low
(124,521 Figurel). This low estimate was thought to be due to thiamine deficiency complex and temperature
dependent egg mortality (WR PWT 2022). High escapesastimhatesmay not necessarily result in

correspondingly high JPE numbers. JPE numbers may remain low due to environmental factors that depress
juvenile survival. The JPEisimportant population forecast that takes into account annual fry counts and
SAaUAYIFIGSR adz2NBAGEIE |4 RAFFSNBYG fAFS YR YAINI GAZY
extrapolated from juvenile CHNWR passage at RBDD and survival rdtggdasmolts and smolts from RBDD

to the Delta. Since brood year 2021, the BRE continued to decrease with the second lowest JPE calculated

for brood year 2022 (49,9240) since 1984g(ire3).

Declining trends observed in CHNWR populations from 2007 through 2020 were likely due to a combination of
factors such as poor ocean productivity, extreme drought, and lesiver survival as a result of low flows and
highwatertemperatures (NMFS 2019a, 2022a). California has faceddomgdrought conditions (2002009,
20122016, 2026present) that have led to lowethan-normal coldwater pool storage at Shasta Reservaoir,

which has led to increased temperatudependent eggnortality (seeSection 4.1.4 Egg and Fry

Development).
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Figure3. Naturalorigin CHNWR JPE for brood years 12832 corresponding to water years 192023
NMFS 2019b, 202@DFW2020C; WR PWT 2021, 2022, 2023).

4.1.3.Extinction Risk

The CHNWR population consists of a single spawning population in the Sacramento River below Keswick Dam
(Figurel). This population has been completely displaced from its historical spawning haétatam of

Keswick Damand persistsn a section of the river where coldwater habitat is artificially maintained by releases
from Shasta Reservoir (Williams et al. 2011). Due to limited supply of cold water in Shasta Reservoir,
LISNEAAGSYOS 2F (GKAA& LI LMz I §ReoyeryPlan fdriNgSEVdubidharilgza O b a C{
Significant Units of Sacramento River Wisfgm Chinook Salmon and Central Valley Siiting Chinook

Salmon and the Distinct Population Segment of California Central Valley StgdlMiaé8 Recovery Plamtes

that the CHNWR ESU is extremely vulnerable to catastrophic events that could lead to its extinction (NMFS
2014).

In 1989, USFWS initiated a hatchery supplementation progra@iN&tbn Battle Creek to supplement CHNWR
production, but ultimately led to adult CHNWR returning to Battle Creek to spawn instead of remaining on the
Sacramento River. In 1998, USFWS relocated the supplementation program to LSNFH, which is located at the
baseof Shasta Dam on the Sacramento River. This conservation hatchery consists of both an integrated
recovery supplementation program and a captive broodstock program (USFWS @& &yerageannual

hatchery production of CHNWR at LSNFH is 216,015 juveniles per year (2001 to 2018 hB\F8)2019a
compared to the estimated natural production that passes RBDD, which is 2.9 million juveniles per year based
on the 2002 to 2018 averagsdeSection 4.1.9.& LSNFH Productidgfforts USFWS 20}8

Lindley et al. (2007) developed extinction risk criteria for Central Valley salipopidations based on viability
parameters for abundance, population decline rate, and hatchery influence. Applying Lindley et al. (2007)
criteria, NMFS2016b) most recenb-year status review concluded that extinction risk of the CHNWR ESU has
increased, largely due to extreme drought and poor ocean conditions. To buffer against drought conditions
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and reduce extinction risk, USFWS increased juvenile CHNWR production at LSNFH in 2014 and 2015 by
approximately three times the normal production amount (NMFS 2020@23). Increased hatchery
supplementation appeared to have been successful, as adult escapement through 2018 met the low extinction
risk criterion for abundance (i.e., a census population size of 2,500). However, the high extinction risk for the
population wadriggered by the increased hatchery influence, with a mean of 66% hatdhnigin awners

from 2016 through 2018. Although adult CHNWR returns have been increasing sinceh2®dFS 2020

Viability Assessment for Pacific Salmon and Steelhead Listed Und&iNES3\Viability Assessment)

consideedthe population at a high extinction risk 2020 with population viability declining since the NMFS
(2016b) assessment (NMFS 2022023c) CHNWR extinction risk remains high in part due to a high hatchery
influence (68% hatchergrigin spawners from 2018 through 2020) and a lack of populagdandancy in the

ESU (NMFS 2022023¢. NMFS does not consider the CHNWR ESU a viable population because there is only
one naturally spawning population, with spawning limited to outside the historical spawning range. To
increase spatial diversity and abundance, efforts were initiated in 20&8tablish a seléustaining population

of CHNWR in Battle Creek, which has shown some success with adults returning as early as 3@tfiqeee
4.1.9¢ Supplementatiorand Reintroduction Effor)s

4.1.4.Egg and Fry Development

4.1.4.1 Temperature Management

The embryo life stage begins with fertilizatidollowed byegg incubation, and ends with fry emergence from

the gravel. Within the appropriate water temperature range, eggs normally hatch 40 to 60 days after
fertilization. Newly hatched fry (alevin) remain in the gravel for an additional four to six weeks enjbin

sac has been absorbed (NMFS 2014). NMFS (2014) describes CHNWR fry emergence occurringdram mid
through midOctober. However, recent monitoring of late spawning CHNWR (fromluijoto midAugust) by

CDFW suggests fry emergence occurs througlbli2r and into early November (CalFish 2023b). Water
temperature greatly influences the duration of egg incubation and time of emergence in different river
drainages, with emergence occurring after the yolk sac is absorbed (Williams 2006). Approxi@@tely 9

1,000 thermal units are required for incubation of Chinook Salmon eggs (1 thermal unit = 1°C above freezing x
24 hours; Raleigh et al. 1986). Research on incubation survival at constant exposure indicates that the
optimum water temperature for salmad egg survival ranges froni®to 10°C (42.%0°F) with complete

mortality noted at incubation temperatures ranging from 1380 19.4°C (566.9°F; USEPA 2001).

Additionally, USEPA (2001) suggests that subsequent mortality may occur in successfully hatched fry from eggs
incubated in warm water. For example, coagulated yolk disease, in which a portion of the yolk coagulates and
cannot be absoréd by the fry, is responsible for much of the mortality of hatched fry reared in higher than
optimal water tempeatures (Boles et al. 1988). These effects make water temperature an important
environmental influence on early salmon survival.

Sacramento River temperatures are artificially maintained through coldwater releases in the summer from
Shasta Reservoir to provide adequate spawning and rearing habitat downstream. Water temperatures in the
upper Sacramento River are the result of intdi@es among ambient air temperature, water volume, water
temperature at release from Shasta and Trinity dams, total reservoir storage, location of reservoir thermocline,
ratio of Spring Creek Power Plant release to Shasta Dam release, operation of therdtenepControl Device

on Shasta Dam, and tributary inflows (NMFS 2014). In general, water released from Keswick Dam warms as it
moves downstream during the summer and early fall months at a critical time for the successful development

32



and survival of CHNWR embryos and emergent fry (NMFS 2014). Reclamation has struggled to maintain an
adequate coldwater pool in Shasta Reservoir in dry and critical water years and extended drought periods to
provide suitable water temperatures for CHNWiR) éncubation, fry emergence, and juvenile rearing in the
Sacramento River (NMFS 2d@16While Reclamation has created and implemented improved Shasta Reservoir
storage plans since 2010, the threat of warm water releases from Shasta Dam remains argighiésaor to
CHNWR. Insufficient releases from Shasta Reservoir in 2014 and 2015 contributed to 5.6% and-#h-2fp egg
survival rates to RBDD, respectively (NMFS @0More recently, the ongoing drought (20p0esent) has
contributed to suboptimal irriver water temperatures, and as a result the €ggry survival rates to RBDD for
the 2021 and 2022 brood years were 2.6% and 2.2%, respectively (WR PWT 2022, 2023).

In 2017, in response to the low egHry survival rates during the drought, NMFS submitted a proposed
amendment to Reasonable and Prudent Alternative (RPA) Action Suite |.2a6fa8Biological Opinion and
Conference Opinion on the Lofi@rm Operation of the CVP and S{609 NMFS BOJMFS 2009) related to

Shasta Reservoir operations to address temperatigpendent mortality of CHNWR embryos (NMFS 2017).
Specifically, the amendment recommended temperatdependent mortality thresholds for CHNWR emtsyo
based on water year type as managed through Shasta Reservoir minimum storage targets for the late spring
(April 1 through May 31) and end of September (NMFS 2017). Additional measures recommended by NMFS
(2016b) to reduce temperaturdependent mortalityand improve Shasta Reservoir coldwater pool

management include: improving reservoir, meteorological, and hydrologic modeling and monitonmasto
efficienty Y y I 3S G4KS NBASNB2ANRa fAYAGSR FyY2dzyd 2F 02t R
monitoring stations in the upper Sacramento River to better monitor-temé water temperatures; and

enhanced CHNWR redd, egg, and juvenile monitoring. UndetGh@Biological Opinion on the Lofigerm

Operation of the CVP and S\@®19 NMFS BOIMFS 2019a), Reclamation targets a temperature of°63rb

the upper Sacramento River above Clear Creek during CHNWR egg incubation, May 15 through October 31, by
managing water temperatures through a tiered approach that requires intervention measures if tempearature
are not achieved. If needed, intervention measures are developed through coordination with NMFS, USFWS,
CDFW, and DWRNd can range from increasing CHNWR hatchery production to trapping and hauling juvenile
and adult CHNWR in the Sacramento River.

4.1.42. Dewatering

Stable and continuous river flows are important to the early life history of salmonids, from egg incubation to
emergence from the gravel. If redds are dewatered or exposed to warm, deoxygenated water, incubating eggs
and/or larval fish may not survive. Dawring can occur anytime a stream flow reduction occurs. On the
Sacramento River below Keswick Dam, the transition from summer to winter flow regimes involves flow
reductions from September to November as less water is needed for agricultural purposeakReal.

2017). Late spawning CHNWR (1hidly to midAugust) are of particular concern because redds constructed in
shallow areas are susceptible to dewatering under typical flow reduction actions undertaken by Reclamation
that occur beginning in lateuust (Revnak et al. 2017). In response, CDFW has increased monitoring of
shallow CHNWR redds to allow near ttiale management recommendations to protect redds as flows are
reduced (Revnak et al. 2017).
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4.1.5.Rearing and Outmigrating Juveniles in the Upper and Middle Sacramento
River System

4.1.5.1.Juvenile Migration and Rearing

CHNWR juveniles primarily express an oewae life history pattern, with juveniles leaving spawning areas in
the Sacramento River as fry. After emerging from gravel, Chinook Salmon fry swim or are displaced
downstream to either rear in the river for a ped that varies from weeks to a year or continue sustained
movement downstream until reaching the estuarine environment (Healey 1991). Within the river, fry seek out
habitats on channel margins, which provide slower water velocities for resting, anciripaagetation or

other forms of cover that provideefugefrom predators and sources of aquatic and terrestrial invertebrates

for food (NMFS 2014). NMFS (2014) describes juvenile salmon downstream movement as primarily
crepuscular, while Poytress et al. (2014) notes that rotary screw trap (RST) passage datesifigiexhibit
decreased nocturnal passage levels during and around the full moon phase in the fall. Larger CHNWR juveniles
(including presmolt and smoltife stage$ appear to be less influendéy nighttime light levels and much

more influenced by changes in stream discharge levels (Poytress et al. 2014).

There is a growing body of research showing that juvenile CHNWR utilize diverse rearing habitats before
entering the Delta. Juvenile CHNWR have been documented usirgatalrstreams located downstream of
RBDD for rearing, andhanalysis of adult CHNWfblith strontium isotope ratios®SrfSr) revealed that 44
to 65% of adults examined reared in roatal habitats as juvenileéacluding upper Sacramento River
tributaries, the Feather River, American River, and O@f@slin et al. 1998; Phillis et 2018).

While ephemeral habitat and namatal tributaries of the Sacramento River provide some rearing habitat for
juvenile CHNWR, more than 95% of historical floodplain rearing habitats have been leveed and drained in

I T AT2NY AL Q& / Sy { N1I2JFloadpldirs $nd othie? offharinkl haBitat®vhien Hydratlicaily
connected to the mainstem river for substantial lengths of tipnevide refugerom high flows and sediment
loads, reduce competition, increase prey availability, and potentially reduceugrers with predators, all of

which can improve rearing conditions and increase growth and survival rates (Sommer et al. 2001; Limm and
Marchetti 2003; Moyle et al. 2007; Jeffres et al. 2008).

4.1.5.2.Juvenile Migration Survival

Juvenile salmon mortality during migration to the ocean is a critical component of salmon population dynamics

61 SFHtSe mMppmT 2ATEAFYEA HAancO® ¢KS {FONIYSyi{i2 wAi@SNI
Keswick Reservoir are generally loweairthunimpaired conditions in the winter and spring and higher in the

summer and fall (SWRCB 2017).

Juvenile salmonids migrating through altered habitats may experience prolonged exposure to predators as

well as decreased predator evasion due to stress. Predation is recognized as a probable contributing factor in

the declines of many populations of bo&hinook Salmon and steelheddncorhynchus mykiss Ay [/ I € A ¥ 2 N
Central Valley (NMFS 2014). Reduced channel margin habitat coupled with longer residence and travel times

due to lower outflow may increase predator densities and predation of juvenile GHNWhe Delta. DWR and
Reclamation (2022) indicate that lower outflow may increase the density of littoral predators into smaller,
shallower areas and decrease escape cover for juvenile salmonids. Lower Delta outflow may also increase the
abundance and diribution of invasive aquatic plant communities that provide habitat for-native
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predators. Warmwater and drought tolerant predator species rarely show population declines during low
Delta inflow periods (Mahardja et al. 2021; DWR Redlamatior2022).

Acoustic tagging studies show that significant mortality of juvenile ChiSadnonoccurs upstream of the

Delta (Michel et al. 2012015; Iglesias et al. 2017; Cordoleani et al. 2019; Notch et al. 2020). Flow has
repeatedly been cited as the most important factor affecting overall survival of Chalokonin the Central

Valley (Kjelson and Brandes 1989; Zeug et al. 2014; Michel et al. 2015; Iglesias et al. 2017; Notch et al. 2020;
Hassrick et al. 2022), likely because of concurrent increases in haitdbod availability, temperature

suitability, velocity, and turbidity effects associated with flow that directly improve the ability of juvenile

salmon to avoid predatioriglesias et al. (2017) found that smolt mortality during migration in the Sacramento
River is spatially heterogeneous, with certain reaches exhibiting elevated levels of mortality. This finding is
likely a result of the dynamic nature of the Sacrament@Rsystem and the effects of hydrologic alterations
across the 302nile migrationcorridor. Hassrick et al. (2022) found that the middle section of the Sacramento
River, between Red Bluff and Colusa, had the lowest survival and slowest travel times for outmigrating smolts.
This section of the river is characterized by having bare bamitghe potential for ofichannel habitat during

wet years. Modification of the natural hydrograph, including suppression of winter pulse flows, has resulted in
contraction of migratory windows, reducing the variability in migration timing, and supprefsdirmxpression

of CHNWR life histories (Sturrock et al. 2015). The resulting reduction in life history diversity could significantly
reduce the resiliency of CHNWR and increase the risk of a temporal mishettebenfavorable ocean
conditionsand CHNWR ocean resider{Satterthwaite et al. 2014).

4.1.5.3.Juvenile Passage at Red Bluff Diversion Dam

Quantifying fry and smojtassagehrough RBDD is a crucial step for calculating the CHIRER/hich is a

brood year specifiestimate ofjuvenile CHNWR entering the Delta each y&amigration of juvenile CHNWR

past RBDD may begin as early as-duily, typically peaks in September, and can continue through as late as
mid-March in dry years (Williams et al. 2011; NMFS 2014, Poytress et al. 2014). For brood years 1995 to 1999,
all juvenile CHNWR migrating as fry passed RBDD by October, and all migratngpfiseand smolts passed

RBDD by March (Martin et al. 2001). For the recent brood @22, fry completed passage at RBDD by the

end of November and smolts completed passage byetiek of May (Scott Voss, personal communication,

6/2023). Total annual RBDD passage estimates for juvenile CHNWR, during the period of April 4, 2002 through
September 30, 2013, ranged between 848,976 and 8,363,106 juveniles (brood yeai202Q0Poytresst al.

2014). These data also document that on average, estimated juvenile CHNWR passage at RBDD was composed
of 80% fry and 20% piemolt/smolt sizeclass fish (Poytress et al. 2014). For the recent brood years of 2021

and 2022, estimates of RBDD passhgee decreased to 572,656 and 240,060, respectively (Voss and Poytress
2022a, 2022b).

Once CHNWR juveniles pass RBDD, the duration of their residency and habitat use are relatively unknown due
to the lack of reliability of the lengtht-date (LAD) criteria (Fisher 1992) used to determine juvenile Chinook
Salmon rurin the mainstem Sacramento Rivge.,LAD criteriacannot definitively distinguis@BHNWR

amongst sampled fish) and because monitoring downstream is less intensive (Williams et al. 2011).

4.1.6.Rearing and Outmigrating Juveniles in the Baglta

Naturalorigin CHNWR juveniles can migrate into the Delta as early as September (Schaffter 1980) and have
been observed leaving the Delta at Chipps Island from January to April (Dekar et al. 2013), although some may
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residein the Deltainto May (Windell etal. 2017) 5 C2 Q& Yy A BKUINER JNIYRAIYYER | { C2 { Q2
beach seine monitoring programs provide information on juvenile Chinook Salmon movement through the
lower Sacrament®iverand into the DeltaLADCHNWR juvenile passage at Knights Landing occurs as early as
August and as late as April, with most catches recorded between October and April (CalF3hT2023g of
migration varies somewhat due to changes in river flows, dam operations, and wateypegdNMFS 2014).

Under past water operatio®management (1992007), peak Delta entry timing was strongly correlated with

the first high flows of the migration season, measured at Wilkins Slough (RM 118; del Rosario et al. 2013);
however,arecentunpublishedanalysisonducted by DWRuggests this relationship is no longer highly

correlated under current water operatiof@WR 2020aBudies have shown thahiyears with large

precipitation storms and subsequent flow events on the Sacramento Rivee iatéhfall, a bimodal pulse of
downstream CHNWR migrants occurs (del Rosario et al. 2013; Windell et al. 2017). The initial pulse of CHNWR
typically follows the first large storm in November or December, with a second pulse in the February through
March period when those rearing upstream of the Delta are cued to migrate downstream and into the San
Francisco Bay (Dekar et al. 2013; Israel et al. 2015; Windell et al. 2017). In years lacking early season
precipitation events, the CHNWR pulse tends to be udiahowith the majority of Bajpelta entry occurring in

the late winter and early spring months (Israel et al. 2015; Windell et al. 20bggrved differences in timing

of cumulative catch at Knights Landing and Chipps Island (the downstream boundary of the Delta) indicate that
residence time in the Delta ranges from 41 to 117 days, with longer apparent residence times for juveniles
arrivingearlier at Knights Landing (del Rosario et al. 2013). The online Central Valley Prediction and
Assessment of SalmoB4cPAS) also provides Sacramento River trawl catch data at Sherwood Harbor (RM 55)
as an indicator of salmonid entry into the Delta. Historical present&DCHNWR at Sherwood Harbor begins

as early as September and ends in late April (CRB2EE; SacPAS 202B Genetic data from Sherwood

Harbor trawls confirngeneticallyidentified naturatoriginjuvenile CHNWR enter the Delta from October

through April (Buttermore et al. 2021b; Brian Pyper, personal communication, 5/2023). While Delta residency
is apparent, the importance of Deltacupancyin the life history of CHNWR is not well understood (NMFS

2014).

Munsch et al. (2019) found that warm, dry winters constrain the rearing period for migrating juveniles such
that a 1°C increase in April water temperatures corresponds to fish departing Delta nearshore habitat four to
seven days earlier. Studies also stthat juveniles reared in temperaturdsom 17°C(62.6°F)to 24°C(75.2F)
experience significantly decreased growth rates, impaired smoltification indices, and increased predation
vulnerability compared to juveniles reared at 13°C to 16824 60.8°F, optimum temperatures 1615.6°J50-
60.1°H; Marine and Cech 2004).

During juvenile outmigration, some fish are entrained into the interior Delta, where they experience increased
mortality and prolonged travel times compared to juveniles that remain in the SacramentonRiugstemor

those that are routed into Sutter or Steamboat sloughhkjch arebranches of the Sacramento River (Perry

2010; Newman and Brandes 2010). The Delta Cross Channel (DCC) and Georgiana Slough are the two primary
routes of entrainment ofuvenilesalmon into the interior Delta from the Sacramemover. The DCC is a

manmade, gated canaperated by Reclamation that links the Sacramento River with the Lower Mokelumne

and San Joaquin rivers. When the DCC gates are open, water flows from the Sacramento River through the
canal to improve poor water quality and water circulation associatet gauth DeltaSWP and C\#port

operations. Operations of both the Project and CVP contribute to the routing of juvenile CHNWR and other
salmonids into the interior Delta through the open DCC gates (NMFSIR016
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Much like the DCC, Georgiana Slough is another junction to the Sacramento River where water flows into the
interior Delta; however, this waterway lacks a control gdteeSacramento River at the junctisof the DCC

and Georgiana Slough has both unidirectional and bidirectional flows depending on tidal oscillation and
Sacramento Rivayutflow. When the DCC gates are closed, juvenile entrainment into the interior Delta is
decreased. However, the freflowing Georgiana Slough remains an entrainment riskisbrregardless of DCC
gate operations. When routed through the DCC gates or Georgiana Slough, juvenile fish enter the highly
altered interior Delta where they are subjectedhmher levels of contaminantdncreased predation, and

altered food webs that can cause either direct mortality or impaired growth (NMFSI2@R6uting into the

interior Delta also causes migration delaysl entrainment of fish into the south Delt@VPand SWPexport
facilities.

To reduce the risk of juvenile CHNWR and CHNSR entrainment into Georgiana Slough, the 2020 SWP
(CDFW 2021) Condition of Approval 8.9.1 requd®WR to install and operate a migratory barrier at
Georgiana Slough to increase survival for emigrating juvenile CHNWR and CHNSR that encounter the
Sacramento RiveGeorgiana Slough junction. In 2011 and 2012, DWR tested/A&cBigstic Fish Fence (BAFF)

at the Sacramento Rivebeorgiana Slough junctioanda Floating Fish Guidance Structure (FR@&Sjested

in 2014, in response to the 2008MFS BORPA Action IV.1.3 (DWR 2015a, 2016). These studies demonstrated
that a BAFRyhich isa nonphysical barrier that consists of strobe lights, sound, and a bubble curtain, can
provide meaningful reduction in juvenile salmon entrainment into Georgiana Slough. To fulfill the 2020 SWP
ITP requirement, DWRstalleda BAFF at the Sacramento Ri&eorgiana Slough junction in the late fall of
2023, with operations continuing each year through April or Maycurrentwith CHNWR and CHNSR

presence in the Sacramento Riysee Sectio®.1.1; Condition oApprovalg8.11.]).

4.1.7.Juvenile Ocean Entry

Migration of juvenile Chinook Salmon from the lower Sacramento River and Delta into San Francisco Bay is
monitored using trawl surveys at Chipps Island (RM 18). USFWS trawl! data collected at Chipps Island show
juvenileLADCHNWR leaving the Delta from December to May with a peak in March and April (del Rosario et
al. 2013;SacPAS 202R Genetic data from Chipps Island trawls confirm juvenile CHEXREhe Delta from
December to April, peaking in March and April (Buttermore et al. 2021a; Brian Pypemaglersmmunication,
5/2023).

The condition in which juvenile Chinook Salmon enter the ocean is an impdggerminantof survival tathe

adultlife stage Larger, faster growing individuals are more likely to survive their first month in the ocean
(Woodson et al. 2013). Regardless of where fish experience faster growth and achieve larger size before ocean
entry, it appears that this early growth is impomtafor success during unproductive ocean conditions

(Woodson et al. 2013).

4.1.8.Adult Migration and Holding in the Upper Sacramento River

4.1.8.1.Adult Migration

Adult CHNWR enter the San Francisco Bay Estuary (Estuary) in November to begin their upstream spawning
migration and continue to proceed up the Sacramento River through August of the following year, finally
holding near spawning areas in the upper reacbiethe river(Yoshiyama et al. 1996998 NMFS 1998; Moyle
2002) Boles et al. (1988) cites water temperatures less th3°Q65°H are preferable for adult Chinook
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Salmon migration, and Lindley et al. (2004) reports that water temperature acts as a migration barrier and
leads to stress when reachi2d.1°Q70°F. Studies have also shown that adohinook 8lmon exposure to

constant or average temperatures greater than 15.8@F)resultsin a detrimental effect on adult survival

and egg viability (Windell et al. 2017). In addition to temperature barriers, dissolved oxygen concentrations can
also create barriers to migration, with adult Chinook Salnmmothe San Joaquin River exhibitagavoidance
response when dissolved oxygen is below 4.2 mg/L (Hallock et al. 1970; Carter 2008). Warm water
temperatures and decreased dissolved oxygen can increase physiological stress and metabolic rates in adult
Chinook Salmon, while also reducing theimune response to pathogens (Windell et al. 2017).

Adult Chinook Salmon passage through the upper Sacramento River is well documented by historical
observations at RBDD. From 1967 to 1986, yeand operation of RBDD provided a comprehensive method

of monitoringadult passage of all four salmon runs in the Sacramento River (Killam et al. 2016). Historical fish
passage monitoring at RBDD showed that CHNWR entry into the upper Sacramento River begins in mid
December and continues into early August of the following yedh peak passage in midarch (Hallok and

Fisher 1985).

4.1.8.2.Adult Holding and Spawning

Adult CHNWR entering freshwater are sexually immature and hold in coldwater pools for several months until
early summer when air temperatures usually approach their yearly maximum (Moyle 2002; NMFS 2014). The
evolution of this unique spawtiming was depedent upon cold spring water sources generated from glacier
and snow melt percolating through porous volcanic formations surrounding Mount Shasta and Mount Lassen,
which protected embryos and juveniles from the warm ambient conditions in summer (Moyle INM2S

2014). These conditions are found priag-fed tributaries in the upper Sacramento River watershed,

especially the McCloud Riv@voyle 2002).

Following the construction of Shasta Dam in 1945 and Keswick Dam in 1950, CHNWR lost access to their
historical spawning habitat in thepper Sacramento River (upstream of Shasta Dam), McCloud River, and Pitt
River restricting them to a single population inhabiting a relatively small coldwater reach just downstream of
Keswick DamYoshiyama et al. 1998¢l Rosario et al. 20)3Coldwater habitat in Battle Creek, a tributary to

the Sacramento River located at RM 271, historically supported a populat@dN¥WR, however construction
and operation of hydropower facilities led to extirpation of the population. Currestaration and recovery
efforts for CHNWR involve removal or retrofitting of hydropower facilities and reintroducing fish to Battle
Creek (se&ection 4.1.9 Supplementatiorand Reintroduction Efforts).

CHNWR are semelparous salmonids that deposit their eggs within a redd (nest) that they build in the substrate
and guard prior to dying. Redds are often constructed in riffles at the tails of holding pools. Adult fish have
been observed spawning in waterputés as shallow as 0.8dt (ft; 24.4 cm)and in water velocities of 1.2 to

3.5feet per secondff/s; 0.37-1.1 meter per secondri/s]). Optimum redd substrate is a gravel/cobble mixture

with a mean diameter of 1 to 4 inches with less than 5% fine sedi(@DEG 1998). Incubation, hatching, and
subsequent emergence of fry take place within a redd. CHNWR spawn in the mainstem Sacramento River
between Keswick Dam and RBDD (NMFS 2014). The adult CHNWR spawning population is composed primarily
of age3 fish (920), but also includes agefish (1%) and agé fish (8%Fisher 1994). Average fecundity for
CHNWR is 3,743 eggs per female (Fisher 1994). Spawning occurs betwégmilated midAugust, with a

peak in June and July as reported by CDFW annual escapsuneays (2002022; CalFish 2023b). The

spawning distribution of CHNWR, as determined by aerial redd surveys conducted by CDFW, is somewhat
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dependent on the operation of the RBDD gates (historically), river flow, and water tempe(aitdifeS 2014)
In recent years CHNWR spawning distribution has shifted upstream, and since 2001, most CHNWdveedds
occurred within the first 16 km (10 RM) downstream of Keswick Dam (CalFish 2023b).

4.1.9.Supplementation and Reintroduction Efforts

4.1.9.1.Lvingston Sone National Hsh Hatchery Production Efforts

In brood years 2014 and 2015, juvenile CHNWR experienced leto-#ggsurvival due to prolonged extreme

drought conditions that resulted in increased water temperatures in the upper Sacramento River (NMFS

2016). In anticipation of this lowethan-average egdo-fry survival, additional adult CHNWR trapped at

Keswick Dam were taken into LSNFH and production of juvenile brood year 2014 CHNWR was tripled
(~600,000 released) to offset the impact of the drouffitlam et al. 2015). Due to ongoing drought dibions

the following year, production of juvenile brood year 2015 CHNWR was doubled (~420,000 released) to
compensate for expected losses in natural production (NMFS&20A8ult CHNWR returns in water years

2017 and 2018 were low, as expected, due to poemniar conditions for brood year 2018 2015 juveniles

during drought years (NMFS 2019a). As a consequence of increased juvenile CHNWR production in brood years
2014 and 2015 at LSNFH, the adult escapement of 979 fish in water year 2017 was esiBr&i®dhatchery

origin, while the water year 2018 adult return of 2,639 fish was estimated as 82.5% hatetggny(Killam and

Mache 2018; Killam 2019; CDFW 28R Environmental conditions improved during water years 2016 and

2017 whichwasanticipated to have had a positive effect on returning adults in water years 2019 and 2020.

Adult CHNWR returns in water years 2019 and 2020 were 8,128 and 7,428, respectively (COBWR623

adult return average from 2022019 is estimated as 3,092 CHNWR; therefargter year 2019 and 2020

adult returns were above average for CHNWR (NOAA 2021). The estimated proportiviverf iratchery

origin CHNWR returns decreased in water years 2019 and 2020 to 37.2% and 45.5%, respectively (Killam 2020,
2021).

Drought conditions returned in water year 2020; therefore, LSNFH increased juvenile brood year 2020 CNHWR
production to approximately 310,000 juveniles to mitigate for the reducedvier production due to the

expected unsuitable wniver temperatures fonatural spawning CHNWR (WR PWT 2021). The following year,
LSNFH increased juvenile brood year 2021 production to approximately 600,000 CHNWR due to the continued
drought conditions (Reclamation and DWR 2021). Increasing hatchery propagation of CHNWIR peavint
precipitous population declines in critical years; however, it is important to prioritize nabuigih production
longterm rather than relying on hatchery production to sustain the CHNWR population.

4.1.9.2.Reintroduction Efforts

4.1.9.2.1 Battle Creek

Expanding and restoring habitat for CHNWR is critical to decrease the risk of CHNWR extinction and to increase
CHNWRIrought resiliency. To address this need, the U.S. Department of Interior and Reclamation signed a
memorandum of understanding in 1999 with support from federal &ate agencies, as well as PG&E, to

initiate the Battle Creek Salmon and Steelhead Restoration Project (Restoration Project; ICF 2016; Schraml and
Earley 2021). The goal of the Restoration Project is to restore approximatelyet2aiprime spawning

habitat in Battle Creek, plus an additional six miles on its tributaries (Schraml and Earley 2021). The Restoration
Project will be completed in three phases, Phase 1A, 1B, and 2. Phase 1A was completed in 2013 and focused
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on actions in the North Fork Battle Creek where cold, sgieédghabitat is most suitable for CHNWR (ICF 2016;
Reclamation 2022). This phase included the removal of Wildcat Diversion Dam and Canal, construction of a fish
barrier weir on Baldwin Creek, atite construction of automated fish screens and fish ladders at the Eagle

Canyon Diversion Dam and North Battle Creek Feeder Diversion Dam (Reclamation 2022). Phase 1B was
completed in 2012 with the construction oflamile long Inskip Powerhouse bypass aaittace connector.

Phase 2 is currently ongoing and includes the removal of several facilities (i.e., South Diversion Dam, South
Canal, Soap Creek Feeder Diversion Dam, lower Ripley Creek Feeder Diversion Dam, Coleman Diversion Dam),
including the Inskiiversion Dam planned for removal in 2023 (Reclamation 2022). Completion of the
Restoration Project will enable safe passage for natorigin CHNWR, as well as CHNSR and steelhead, in

Battle Creek and support reintroduction efforts for CHNWR in the ufSperamento River watershed.

The Battle Creek WintdRun Chinook Salmon Reintroduction Plan (Reintroduction Plan; ICF 2016) was
RS@GSt2LISR Ay NBaLRyaS (G2 bac{Qad ouwnmny wSO2O0SNE tf!
selfsustaining and locally adapted population ofNMR in the North Fork Battle Creek to support the

recovery of CHNWR. CDFW, NMFS, and USFWS, in partnership with PG&E, developed the Reintroduction Plan
with the intent of implementing the plan once the Restoration Projects were complete. However, with the

drought of 20130 2016, natural CHNWR production was severely diminished and resource agencies decided

to jump-start the reintroduction efforts into Battle Creek (Schraml and Earley 2021). As a result, approximately
215,000 juvenile CHNWR rearedciiFHs SNB NBf S aSR Ayid2 . FdGfS / NBS|T Ay
I NBS1 WdzyLBaGl NI t NP2aSOlé oO0{OKNIYE YR 9FNIS@& HAHMO
approximately 182,000 juveniles were released in 2019 (Schraml and Earley 2021)irapiaiyx1 68,000

juveniles released in 2020, approximately 214,500 juveniles released i(82RAS2023), and

approximately 131,000 juveniles released in 2022 (Kevin Offill, personal communication, 10/2022).

Consequently, adults have returned to Batleeek starting in 2019. In 2020, over 1,000 adults returned to

Battle Creek to spawn naturally (NOAA 2021), but since then adult escapement has decreased in both 2021

and 2022, to 191 and 137 adults, respectively (R.J. Bottaro, personal communicati&8)6iadontinuing

these efforts, the resource agencies developed a plan to transition from the Jumpstart Project to formal
reintroduction, which requires specific criteria be met to manage for adult returns (USFWS 2020).

4.1.9.2.2 McCloud River

In response to RPA Action V of @@09 NMFS BReclamation established the Interagency Fish Passage
Steering Committee in 2010 to develop pilot reintroduction efforts of Chinook Salmon above CVP dams (ESA
2020). The focus of the steering committee has been on reintroducing CHNWR above Shasta Dam by
evaluating the feasibility and viability of collecting juvenile CHNWR as they emigratéupsgtream historical

habitat prior to entry into the Shasta Reservoir. Reclamation awarded DWR funds in 2018 ip cessajruct,

install, and operate juvenile fish collection devices in the lower McCloud River and the McCloud River arm of
the Shasta Reservoir (NOAA 2021). In the fall of 2022, DWR deployed and tested a Juvenile Salmonid Collection
System, consisting giuidance nets, a downstream temperature curtain, and an upstream debris boom, in the
McCloud River arm of Shasta Reservoir as parBeba5-year pilot study to investigate the viability of

collecting juvenile CHNWR (DWR 28)2The results from this il study will help determine the functionality

of the system to collect juvenile CHNWR released upstream and the feasibility of reintroducing CHNWR above
Shasta Reservoir (DWR 2@2IResults of the study will also inform the design of a-mm collection facility

and support future phases to determine adult fish passage options for passage above Shasta and Keswick
dams.
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In addition to this pilot study, USFWS and CDFW, in partnership with the Winnemem Wintu Tribe, NMFS, and
Reclamation, initiated a collaborative study effort in the summer of 2022 to trad&i@13 CHNWR eggs from

the LSNFH to a remote site incubator to incubate along the McCloud River in effort to reestablish CHNWR in
their historical habitat (Matt Johnson, personal communication, 5/2023). This effort was an urgent response to
reduce the extction risk of CHNWR following three years of severe drougher Aéttching, juvenile CHNWR

were volitionally released into the McCloud River for rearing (NMFS 2022b). Approximately, 20 miles
downstream of the incubation and fry release site, CDFW collected the juveniles with RSTs and frame nets and
then transported ad released the juveniles into the Sacramento River downstream of Shasta and Keswick
dams (Matt Johnson, personal communication, 10/2022). Between September 6 and December 12, 2022,
approximately 1,600 juvenile CHNWR were returned to the Sacramento RRedding to continue their
outmigration (Matt Johnson, personal communication, 5/2023). Although this specific action wapabtod

the reintroduction program, it is expected to inform future reintroduction efforts on the McCloud River.

CDFW has allocated an additio8R.5 million to funccontinued research to inform and improve t@HNWR
reintroduction effortsin the McCloud RiveContinued researchctivitiessupportingfuture McCloudRiver
CHNWRgeintroductiors will be led bythe Winnemem Wintu TribeDWRUniversity of California Santa Cruz,
United States Geological Suryelybilee Gift Galaxnc, Pacific States Maringisheries Commissipand CDFW
(Jason Roberts, personal communication, 7/2024)

4.2.Springrun Chinook Salmon

4.2.1.Listing History

On February 5, 199%he California Fish and Game Commisdisted CHNSR of the Sacramento River drainage

as threatened under CESAdures4 and5; see Cal. Code Regs., tit. 14, 8§ 675.5, subd. (b)(2)(c)). The Central
Valley CHNSR ESU, which includes CHNSR populations in the Sacramento River and its tributaries including the
Feather River, was proposed for listing as endangered by NMFS on March §638#811482) following

CHNSR extirpation from the San Joaquin River Basin. During listing review, data showed that a large run of
CHNSR on Butte Creek in 1998 was produced naturally rather than the result of straying from the Feather River
Fish HatchergFRFH). Subsequently, NMFS listed CHNSR as threatened under the ESA on September 16, 1999
(64 FR 50394) and reaffirmed the listing status on June 28, @2@®5an extension of th&SU to include

CHNSR produced at the FRFH (70 FR 37160). Critical habi@tHNSR includes tlacramento River Basiall

waters fromChipps Island westward to Carquinez Bridge, including Honker Bay, Grizzly Bay, Suisun Bay, and
Carquinez Strait, all waters of San Pablo Bay westward of the Carquinez Bridge, and all waters of San Francisco
Bay from San Pablo Bay to the Golden Gate B(idig&R 52488).
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4.2.2.Population Status and Trends

The Central Valley of California is estimated to have supported CHNSR runs as large as 600,000 fish
between the late 1880s and 1940s (CDFG 1998). Historically, CHNSR were the second most abundant
salmon run in the Central Valley, occurring in all majdutaries to the Delta including the San Joaquin,
American, Yuba, Feather, Sacramento, McCloud, and Pit rivers. Currentiyssaifing populations are
limited to Battle, Mill, Deer, and Butte creeks, with small populations found in the Feather and Yuba
rivers as well as in Antelope, Clear, Big Chico, and Beegum (tributary to Cottonwoodc€relek)
(CDF@A990 CDF@A998 Goertler et al. 2020). Hatchery sustained populations are present on the
Feather River, via theeBther Rver Ash Hatchery (FRFH&and the San Joaquin River, via tiierim

Salmon Conservation and Research Fa¢ipF\W\2022¢).

Genetic analyses have shown that natural and hatcleeigin CHNSR within Mill, Deer, and Butte creeks
retain their genetic integrity (Good et al. 2005; Garza et al. 2008). However, the FRAtRelICHNSR
population has shown introgression with falin Chinook Salmon (CHNFR) due to overlaps in spatial and
temporal run timing which are constrained by Oroville Dam (Good et al. 2005; Garza et al. 2008; DWR
and CDFW 2023.

4.2.2.1.Sacramento River Basin

Historically, CHNSR comprised 19 independent populations with 14 of those populations originating
from the Sacramento River Basin alohan(ley et al. 200NMFS 2022, 2023¢. Over the past century
many of these independent populations have become extirpated due thébiat degradation and

loss of spawning and rearing habitat resulting from hydropower operations, water diversions, and
recent droughts (Lindley et al. 2004; NMFS 202P23¢. Currently, only four independent populations
remain on the Setamento River, Battle, Mill, Deer, and Butte creeksn addition to smaller,

dependent populations that likely persist from immigration from other streams.

The NMFS (2022and NMFS (2023 iability Assessmeafor CHNSR indicated that population
declines have been substantial for all independent populations and are close to qualifying as
catastrophic declines (>90% declinEablel showsthat there has been a precipitous decline in adult
CHNSHReturns in the recent decade for the Sacramento RiFerather River, Mill Creek, and Deer Creek
with some increases o@learand Battle creeks(Figure6).
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Tablel. CHNSRscapement trends as decadal averagemoss regiosn(CDFW 2028. Butte Creek

carcass survey estimates are included in the Butte Creek total escapement estimates and include pre
spawn mortalites. Total escapement estimasénclude the numbes of adult CHNSR returning annually

in the Sacramento River system, including independent and dependent populations, and those
propagated at the FRFRanges included iparentheses.

Decade |Sacramentq ClearCreek | Battle Creek| Mill Creek | Deer Creek| Butte Creek| Feather Total
Average River River Fish | Escapement
Timeframe Hatchery
20012010 | 1% 87 170 929 1,331 :(L](_)£’99971-7 3,118 (146;12::
(0-621) (0-200) (73-291) | (237-1,594) | (1402,759) 18670) (9898,662) 30697)
20112020 % 121 256 343 420 ‘(szg 2,589 (110;35153
(0-414) (8659) | (30799) | (80768) | (90830) | o)) | (5324294)| oo

30000+

20000+

10000+

Total CHNSR Escapement (# of fish)

Brood Year

Figure6. Total Sacramento River system annual CHNSR escapement estimates for brood years 1970
2022 (CDFW 2083 Escapement estimates include the number of adult CHNSR returning annually in
the Sacramento River system, including independent and dependent populations, and those propagated
at the FRFHButte Creek carcass survey estimates are included in total escapement estimates and

include prespawn mortalites In 2021, an estimated 19,773 of 21,580 CHNSR died in Butte Creek prior
to spawning.
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4.2.2.1.1 Juvenile Production EstimatBevelopment

The 2020 SWP ITP Condition of Approval 7.5.2 ret|DiY&R to convene a team to develop a monitoring
plan to continue existing and conduct new CHNSR monitoring to obtain the necessary data to inform
development of a draft CHNSR JPE by March 31, (@I2BW 202f). As a result, FHNSRPE Core

Team was established with membership from DWR, CDFW, NRéEl@mationUSFWS, ar@wWP
Contractors. In 2021, the Core Team began a structured degisatemg(SDM)approach to develop a
monitoring plan that includes j@nile and adult monitoring needs on Clear, Battle, Mill, Deer, and Butte
creeks as well as Yuba, Feather, and Sacramento rivers.

Additionally, methods to improve the accuracy of identifying CHNSR are underway as a rémult of

2020 SWP IT€ondition of Approval 7.5.2. These methods include 1) developing a new probabilistic
length-at-date (PLAD) model to improve current LAD run identification methods and 2) camgiagtid

genetic identificatiorof CHNSRsing theSpecific higksensitivity Eezymatic reporter UnLOCKIing
(SHERLOC#Kethodology(Baerwald et al. 2023hat will be verified with more traditional genetic
techniques(Campbd et al. 2014) Together, the new and existing monitoring combined with additional
methods to accurately identify CHNSR will be used to produce a CHNSR JPE. Once developed, the CHNSR
JPE will serve a similar purpose as the existing CHNWR hatchery andoddgimalPEsvhich are used

by NMFS and CDFW in developing minimization measures to reduce loss of CHNWR at the CVP and SWP
export facilities in the south DeltdZhe 2024 SWP ITP carries this CHNSR JPE effort forward under
Condition ofApproval7.9.3 which extends the deadline for developing the CHNSR JPE unti{s&@26

Section 6.1.4Condition of Approval.9.3.

4.2.2.2.San Joaquin River Basin

San Joaquiorigin CHNSRre suggested to have once been one of the largest runs of any Chinook

Salmon on the West Coast, with estimates averaging 200,000 to 500,000 adults returning annually
(CDFG 1990). However, naturally produced CHNSR were extirpated from the San Joaquin River in the
late 1940s, with only remnants of the run persisting through1B80s in the Merced River (Yoshiyama

et al. 1998)In recent years, there has bespme evidence gbhenotypic CHNS&tcurring in the
StanislausTuolumne ard Merced riversbased on arrival and spawn timirlgowever, it is unclear if

these salmon are residuals of the CHNSR population or if they are strays from other river basins (Franks
2014 NMFS 2016 201%).

As a result of the 200ational Resources Defense CouiiNitDC), et al. v. Kirk Rodgers, et al.

settlement, the federal Implementing Agencies (United States anWi-riant Divisiortontractors)

were directed to implement th&an Joaquin River Restoration Program (SIBR8tablisha
nonessentiaglexperimental population of CHNSR in the San Joaquin River below Friant Dam (78 FR

79622 SIRRP 2015). NMFS prepared a 10(j)/4(d) rule pursuant to the &&Airethat reintroduction

g2dZ R y2i AYLIRAS Y2NB UGKIFY GRS YAYyAYdza ¢ GSNJ adzLJJ
bypass flowsonunwiffid G KANR LI NIAS&ade ! yRSNI GKS aSiddatSySyiazx
entities diverting or receiving water pursuant to applicable State federallaws; this includes CVP

contractors outside of the Friant Division of the CVP and &Miactors(Pub. L. 1111, 123 Stat.

1349 (2009))The 10(j) rule identified the CHNSR released from the SJRRP to be an experimental

population not essential to the continued survival of the whole CHNSR ESU. Each CHNSR released is

marked with an adipose finlip anda codedwire tag (CWT) so that these fish can be distinguished from
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all other hatchery Chinook Salmon release groups as they are exempt from take prohibitions. Any loss of
these fish at either the CVP or SWP export facilities does not count towards take of CHNSR.

The reintroduced population on the San Joaquin River is the only notable change in distribution since
the initial CDFW status review (CDFG 1998), with juvenile releases of CHNSR beginning in 2014 and the
first documented returning adults in 2019 (s8ectiord.2.9.2.1¢ San Joaquin River

4.2.3.Extinction Risk

In the Candidate Species Status Report, CDFW (1998) cited habitat loss, low diversity, restricted range,
and low abundance as major factors contributing to the listing of CHING& CESAThe NMFS (2014)
Recovery Plan for CHNSR identified ongoing threats to the federal ESU as small population sizes, loss of
habitat, water operations, climate variation, and limited spatial distribution within the Central Valley,
described as lack of divéns groups within the ESU (NMFS 2014). These threats have contributed to
declining abundances as well as limited resilience, or the ability of populations to recover after
disturbance and environmental change. This loss of resilience furthesaises extinction risk of

individual populations and the ESU as a whole.

The few remaining populations of CHNSR are small, isolated, and lack spatial diversity. The four
demographically independent populations of CHNSR, in Battle, Deer, Mill, and Butte creeks, have seen
declining trends in abundance. Dependent populations heotributaries to the Sacramento River

support few spawners, which appear to be primarily strays from independent populations and the FRFH.

TheNMFS (201§ 5yearreview of the Central Valley CHNER®WMtetermined that the ESU remains at a
moderate risk of extinction based on the severity of the drought and low observed escapements, as well
as increased prspawn mortality in Butte, Mill, and Deer creeks in 2015. In response to declines in
escapement, NS and CDFW have developed a draft Emergency CHNSR Action Plan, which aims to
identify and outline targeted efforts vital for stabilizing populations most at risk (i.e., Mill, Deer, and
Butte ceeks; NMFS 2019a).

NMFS (2029 determined that CHNSR independent populations showed substantially lower total
population sizes and mean escapement from the previous assessment in 2015 and elevated the ESU to a
moderate to high risk of extinction. NMFS elevated CHNSR populationd, iDééit, and Battle creeks

from a low/moderate risk of extinction to a high risk of extinction and determined that the Butte Creek
population remains at a low risk of extinction but acknowledged population declines. Although data

from the Yuba Rrer were included in the previous assessment, no data were provided for escapement
years 20150 2019 and thereforehe Yuba River was omitted from the 2020 assessment (NMFS:,2022
20239.

Since the NMFS (20@2and NMFS (2023essessmerst CHNSR escapement numbers hiardécated

that CHNSR populations are continuing to decline. A recentyal viability assessment included the
most current years of data (201821) to reassess CHNSR populatidiS8AA 2028 These new data
considered a mass pigpawn mortality event in 2021 in which an estimated 92% of Butte Creek CHNSR
died due to a pathogen outbreak. This catastrophic loss and the determination of a high risk of
population decline with the addition of theore recent data, led to the conclusion that the Butte Creek
CHNSR population is now at a moderate/high risk of extinction. The new data also showed populations
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continuing to decline in Mill, Deer, and Battle creeks since the NMFSqZ022NMFS (2023g)ability
assessmerst

4.2.4.Egg and Fry Development

4.2.4.1. Temperature Management

Water temperature greatly influences the duration of egg incubation and time of emergence in different
river drainages, with emergence occurring after the yolk sac is absorbed (Williams 2006). Approximately
900to 1,000 thermal units are required for incubation of Chinook Salmon eggs (1 thermal unit = 1°C
above freezing x 24 hours; Raleigh et al. 1986). Based on CHNSR redd surveys and RST data from Battle
and Clear creeks, 1,850 DdilgmperatureUnits (DTUs) are normally required for development,
emergenceand capture of CHNSR in the RSTs (Giovannetti and Brown 2008; CDB)W 2022

Water temperatures are typically warmer in Butte Creek than in Mill and Deer creeks. In Butte Creek,
juvenile CHNSR first appear in late November, with juvenile emergence continuing through January
(McReynolds et al. 2006). However, in Mill and Deer cregiese most adults spawn at higher

elevations, juveniles emerge from January through March, up to six months after the onset of spawning
(Johnson and Merrick 2012).

4.2.4.2.Dewatering

Stable and continuous river flows are important to the early life history (egg incubation to emergence
from the gravel) of salmonids. If redds are dewatered or exposed to warm, deoxygenated water,
incubating eggs and/or larval fish may not survive. Dewagecan occur with any reduction in flow. On

the upper Sacramento River, the transition from summer to winter flow regimes involves flow

reductions from September to November as less water is needed for agricultural purposes (Revnak et al.
2017). Spawnin@HNSR (midugust through mieDctober) areat particular riskbecause redds

constructed in shallow areas are susceptible to dewatering under typical flow reduction actions by
Reclamation that occur beginning in late August as agricultural water demands decrease (Revnak et al.
2017).

4.2.5.Rearing and Outmigrating Juveniles in the Upper and Middle
Sacramento River System

4.2.5.1.Juvenile Migration and Rearing

Sacramenteorigin juvenile CHNSR utilize freshwater rearing habitat in natal tributaries, the mainstem
Sacramento River and its flood bypass system, and the Delta. CHNSR express greater life history diversity
in their juvenile life stages than other Ceritkéalley Chinook Salmeunsby the wide range of size

timing, and ageat whichCHNSRegin to emigrate from their natal tributaries. CHNSR juveniles can

begin their ocean emigration as youngyear (YOY) fry or parr, or they may cgemmer and emigta

the next fall, winter, or spring as yearlings (CDFG 1998). YOY CHNSR typically emigrate soon after
emergence as fry and rear for a few months in downstream habitats, such as the mainstem Sacramento
River, accessible floodplains (e.g., Sutter or Yolassgs), or the Delta. YOY CHNSR may also rear in
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their natal habitat and outnigrate as parr or smolts. This diversity in emigration timing creates
resiliency to catastrophic events and is crucial to preserve the integrity of the remaining CHNSR
populations.

Emigration timing of juvenile CHNSR is greatly influenced by many factors including genetics and
conditionsCHNSR experience in thigical environments (Munsch et al. 2019). In the upper Sacramento
River, passage of juvenile CHNSR at RBDD occurs between October and May with an observed peak in
passage occurring in December. The stage of development at which juveniles are observatremigr

the upper Sacramento River varies greatly amongst years with fry accounting for 24 to 91% of the
emigrant populatn as seen in brood years 2022012 (Poytress et al. 2014or the same brood
years,estimated juvenile CHBR passage at RBDD was composethaiverages4% fry and 46% pre
smolt/smolt sizeclass fish (Poytress et al. 2014).

In Deer and Mill creeks, CHNSR can rear for up to seventeen months in freshalztat before

starting their ocean migration (Johnson and Merrick 2012). In data collected fromti@@4h 2010,
YOY ocean migration typically occurred between November and June, with peak migration times in
February and March. For yearlings, the migration window sframns October through June, with bulk

of the migration happening in November after the onset of the first fall rains (Johnson and Merrick
2012).

In Butte Creek, juveniles can be found yeaund above ParrotPhelan Diversion Dam (RM 44), which
represents the top reach of CHNSR rearing habitat (Hill and Webber 1999). Emigration of YOY and
yearlings on Butte Creek can be observed at Paffbttlan version Dam RST between November and

June (Cordoleani et al. 2019) with observations in the Sutter Bypass as late Adynidill and Webber

1999). In 2022, passage data from the Butte Creek RST showed that juvenile CHNSR emigration began in
December ad continued into miedune, with a large pulse of fish moving in {&ebruary and early

March (CalFish 2023a).

4.2.5.2.Juvenile Floodplain Use

In the Central Valley, more than 95% of floodplain habitats have been leveed and drained, primarily for
flood control or conversion to agriculture (Lund et. al. 2010). Floodplains and othenarfhel habitats

can provide refuge from high flows and sedimhéads, reduce competition, increase prey availahility

and potentially reduce encounters with predators, all of which can improve rearing conditions and
increase growth and survival rates (Sommer et al. 2001; Limm and Marchetti 2003; Moyle et al. 2007;
Jeffres et al. 2008).

Emigration route selection and route availability are variable among populations of CHNSR. Juveniles
exiting the spawning reaches of Butte Creek as YOY enter the Sutter Bypass and subsequently the
Sacramento River, near the confluence with the FeatherrRimavever, exit to the Sacramento River

can also occur at the Butte Slough Outfall Gates (BSOG; RM 139). When Butte Creek stage is higher than
that of the Sacramento River, the gates allow Butte Creek water to flow into the Sacramento River.

These high Bte Creek flows are likely to coincide with CHNSR presence near the BSOG, allowing

salmon entry into the Sacramento River. Acoustic telemetry data of juvenile Butte Creek CHNSR tagged
and released at the Parre®helan Diversion Dam demonstrates juvendéreon entry into the

{F ONI YSyi(2 wWA@GSNI GKNRdAAK (GKS .{hDxX F62@S .dzid$S
(RM 80; Garman 2020).
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Juvenile CHNSR exiting Deer and Mill creeks also have alternative routes available to them during
emigration to the Delta. YOY CHNSR exit Deer and Mill creeks beginning in November, with peak
emigration in February and March (Johnson and Merrick 2012)uErgly during these months,

increased flow associated with winter storm flows overtop the Sacramento flood relief structures,
allowing juvenile entry into the flood bypass system. Peak emigration for yearling CHNSR exiting natal
steams occurs October thugh December (Johnson and Merrick 2012). During this period, the
Sacramento River overtops flood relief weirs less frequently; however, if Sacramento River flood flows
occur during the yearling emigration period, alternative route availability would baesito those

described above.

4.2.6.Rearing and Outmigrating Juveniles in the Baglta

The timing of CHNSR juvenile entry into the Delta is highly variable. Williams (2006) sutigested
CHNSPelta entry timing can range from December to Mayd age at entry appears to be influenced

by the timing of winter high flow events with a higher proportion of juveniles entering the Delta earlier

in the season in wet years compared to dry years. In the lower Sacramento River, observation data from
the RSTs located at Tisdale, Knights Landing, and the City of Sacramento detedt&dDZENSR

enteringthe Delta between the months of November and May (CalFish 2@a&ish 2023. Peak

migration appears to have occurred in April, with the exception of Tisdale, which also has seen a spike in
migration in December. Additionally, historical presence of YADCHNSR at Sherwood Harbor and in
Sacramento beach seinbasoccured as early as November and entdylate June (SacPR2823).

Genetic data from Sherwood Harbor trawls confgeneticallyidentified naturatorigin CHNSR enter

the Delta from Decembdp June, with a peak in migration occurring in April (Buttermore et al. 2021b;
Brian Pyper, personal communication, 5/2023).

Johnson and Merrick (2012) found large numbers of yearling CHNSR entering the Sacramento River from
Mill and Deer creeks in October and November. CHNSR mark and recbhasec studies on Butte

Creek suggest that rearing versus migratory behavior candbgyhvariable between individuals within

the same brood year and across water years and that emigration cues can be both flow and
temperature related. While a portion of the emigrating population may leave Butte Creek as fry, another
portion of the populaion may decide to rear in Butte Creek for extended periods and not enter the
Sacramento River until May or June. Some individuals were observed rearing for 80 days and those that
exhibited this behavior tended to rapidly emigrate through the Delta (Hdl\Mebber 1999; Ward et al.
2004a, 2004b, and 2004c). For Mill, Deer, and Butte creeks, juveniles appear to be entering the
Sacramento River during periods when conditions are not always ideal for rearing or downstream
migration.Butte CreeluvenileCHNSRvere recently found to have distinct outmigration timing from
CHNSR in Mill and Deer creegshibiting a more truncatednd relatively late outmigration periothat

can extend into MayThomson et al. 2024)This later migration timingouldexposeButte Creek

juvenile CHNS® worsenedenvironmentalconditions compared to other CHNSR populations

As is the case for CHNWR, CHNSR are subject to emigration delays, entrainment, impaired growth, and
direct mortality while migrating through the Delta due to routing through the DCC gates and Georgiana
Slough, and into Project faciliti¢see Section 4.1 §Rearing andutmigrating Juveniles in the Bay

Deltg). Actions including the 2020 SWP ITP Condition of Approval 8.9.1 requiring DWR to install and
operate a migratory barrier at Georgiana Slough are designed to minimize impacts associated with
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Project facilities by increasing survival for emigrating juvenile CHNWR and CHNSR that encounter the
Sacramento RiveGeorgiana Slough junctid@DFW 2021).

4.2.7.Juvenile Ocean Entry

Migration of juvenile Chinook Salmon from the lower Sacramento River and Delta into San Francisco Bay
is monitored using USFWS trawl surveys at Chipps Island. USFWS trawl data has shown that the various
juvenile CHNSR life histories and rearing strategliémeinate in average saltwater entry in the spring,

with mean monthly catch at Chipps Island peaking in April or May (Brandes and McLain 2001; Williams
2006). Juveniles entering the Delta prior to April and May are likely searching for places to reeosvand g
prior to saltwater entry. Genetic data from Chipps Island trawls cortfiahjuvenile CHNSR exit the

Delta from March to June, peaking in April and May (Buttermore et al. 2021a; Brian Pyper, personal
communication, 5/2023).

4.2.8.Adult Migration and Holding

4.2.8.1.Adult Migration

Adult CHNSR leave the Pacific Ocean to begin their upstream spawning migration typical$,avidge

a smaller proportion leaving at agk age4, and, to a lesser extent, age(NMFS 20Q8) Palmer

Zwabhlen et al. 2019). Boles et al. (1988) cites water temperatures less than 18.3°C (64.9°F) as preferable
for adult Chinook Salmon migration, and Lindley et al. (2004) report that water temperature reaching
21.1°C (70°F) acts as a migration learaind leads to stress. Studies have also shown that expo$ure

adult Chinook Salmato constant or average temperatures greater than 15.8C%H result in a

detrimental effect on adult survival and egg viability (Windell et al. 2017). In addition to temperature
barriers, dissolved oxygen concentrations can also create barriers to migration, with adult Chinook
Salmon on the San Joaquin River eximigiavoidance response when dissolved oxygen is below 4.2

mg/L (Hallock et al. 1970; Carter 2008).

Adult CHNSR enter the Estuary in late January to begin their upstream migration and continue to
proceed up the Sacramento Riweith spawningoccurringthrough October (Yoshiyama et al. 1996
1998;NMFS 1998; Moyle 2002ohnson et aR011). CHNSR are sexually immature when they enter
freshwater, with their gonads maturing over the summer holding period (Marcotte 1984; Moyle 2002).

Adult CHNSR migrate through the Delta, the Sacramento River below Keswick Dam, and tributaries of
the Sacramento River to access their natal tributaries and find-swermer holding habitat. CDFW,

DWR, and USFWS currently monitor CHNSR tributary entheoviuba River and on Butte, Deer, Mill,
Antelope, Clear, Battle, and Cottonwood creeks. Based on hydroacoustic and video monitoring in Mill
Creek, DWR and Reclamation (2012) baalculate adult CHNSR migration timing near Fremont Weir to
occur between Jauary and mid to late May (Johnson et al. 20Rgcent video monitoring efforts in

tributaries of the upper Sacramento River show CHNSR entry into Sacramento River tributaries occurs as
early as late February and as late asduty, with a peak in presence in May (Killam 2012; YCWA 2014;
Killam et al2015).
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4.2.8.2.Adult Holding and Spawning

Adult CHNSR hold oveummer in deep pools as they mature. Historical holding habitat for CHNSR
adults included accessible streams above approxim&bynmeters(m; 2,000 f) above sea level where
water temperatures remained cool through summer montGOEFEW2022). Due to agricultural

diversions, dams, and habitat degradation, holding habitat is often limited currently to lower elevations
where managed reservoir releases (e.g., Clear Creek, Feather River) or imported cold water (e.g., Butte
Creek) are praded.

Preferred holding pools are at least 1 to 3.3 1 (Bft) deep with water velocities between 0.15 and 0.4

m/s (0.51.3 ft/s, Puckett and Hinton 1974; Marcotte 1984). Adult CHNSR prefer to hold in deep pools
with bedrock substrate and avoid cobble, gravel, sand, and especially silt substrate (Campbell and Moyle
1990). Targetemperatures for adult holding include aday average of the daily maximum (7DADM)

below 15°C (59°F), with temperatures consistently greater than 20°C (68°F) considered lethal (USEPA
2003). However, temperature tolerance appears to differ among populatiBRperienced CDFW

biologists working in Butte Creek typically regard sustained average daily temperatures above 19.4°C
(67°F) as the threshold above which disease pathogens become more virulent ssubpne mortality
increases in holding pools (Ward 200

CHNSR holding habitat on Clear Creek is limited to downstream of Whiskeytown Dam (RM 18.3), which
acts as a complete barrier to fish passage (Bottaro and Chamberlain 2019). On Battle Creek, CHNSR
holding is limited by the Eagle Canyon Dam on the North (5Sa2ZBRMnorth of the fork) and the

Coleman Diversion Dam on the South Fork (RB¥orth of the fork; Schraml and Earley 2020).

Holding habitats on Mill Creek are located between RM 18 and 48. On Deer Creek, CHNSR are found
holding in 35 km of stream Ib@v Upper Deer Creek Falls (RM RB8lam et al. 2017). Holding habitats on

Butte Creek extend a distance of over 13 RM from the Pdthalen Dam (RM 44) to the Quartz Bowl

Pool (RM 58.5) where a natural fish barrier prevents further upstream movement (Garman 2014). Butte
Creek holding andpawning areas are lower in elevation (bel284 m[931 fi]) than Deer and Mill

creeks, which can expose CHNSR to warmer temperatures, a situation likely to be exacerbated in the
future by climate change (NMFS 2014).din habitat on the Feather Rivixlimited to the Low Flow

Channela 12 km stretch between the outlet of the Thermalito Afterbay (RMab@lthe fish barrier

dam (RM 66; PFMC 2019). In the Yuba River, CHNSR holding occurs in deep pools (up to 40 ft in depth) in
GKS dabl NNRBgaeg NBFOK 2F (GKS NAGSNI 2dzali R2oya0GNBIY
l 3SYOASEAQ bl NNRga20).t 26 SNK2dzasS o,/ 2!

Prespawn mortality oholdingCHNSRppears tooccur annually in holding habitats and is influenced by

a wide range of factors including high water temperature, high population density (i.e., density

dependent mortality), and low habitat availability (Garman 2014; PFMC 2019). On the Feather River,
pre-spawn mortalities are attributed to a lack of suitable habitat with high population densities of

holding and spawning adults, both CHNSR and CHNFR, in habitats adjacent to the hatchery (PFMC 2019).

On Butte @eek, elevated temperatures and adult densities are major contributors to observed pre
spawn mortality (Garman 2014).

CHNSR spawning begins in +Aiggust and continues through midctober, with females laying an
average of approximately 4,200 eggs in gravel stream beds (CDFG 1998; Moyle 2002; Giovannetti and
Brown 2008). On Butte Creek, spawning occurs mid teSatgtemlter through October. Peak spawning
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on Butte Creek is the last week in September or the first week in October, depending on annual

variation in ambient air temperatures (Garman 2014). Observed timing of CHNSR spawning on Deer and
Mill creeks is mieseptember through mi@ctober (Johnson anlderrick 2012). Harvey (1995, 1996,

1997) observed spawning occurring at higher elevations first in Deer Creek, which is characteristic of
coolest reaches, with spawning progressing downstream over the spawning season. Similar CHNSR
spawn timing has been gkrved on Clear and Battle creeks and the Yuba River, where USFWS and
Pacific States Marine Fisheries Commission conduct extensive monitoring of spawning locations and
timing. Spawning on the Yuba River has been reported as early as September 1 (YCW2o#6¢ddn

of adult CHNSR for the FRFH broodstock occurssaptember through the end of September (see
Sectiord.2.9.1¢ Feather River Fish Hatche®roduction Efforts).

Natural spawn timing of CHNSR can overlap with CHNFR in tributaries where both are found using the
same habitat. These areas of overlap include the Sacramento River mainstem, Deer Creek, Mill Creek,

and the Feather River. CHNFR are found in Butte Creefhditispawning reaches are limited to below

the ParrotPhalen Dam (RM 44) fish ladder due to the installation of an exclusion structure within the

fish ladder once CDFW determines CHNSR are present. Spawning of CHNSR and CHNFR occurring in the
same habiat reaches can lead to densitiependent mortality caused by redd superimposition. Density
dependent mortality can decrease juvenile production and potentially lead to population level impacts
(PFMC 2019).

Spawning and incubation habitat for CHNSR includes gravel bedded reaches within Sacramento River
tributaries. Adults are semelparous and often spawn in gravel beds near the tail of holding pools, in
water depths of 0.25 m (0.8 ft) or greater (Puckett andtéh 1974) and water velocities between 0.3

and 1.3 m/s (0.981.3 ft/s) prior to dying (McReynolds et al. 2006). Preferred spawning substrate is a
mixture of gravel and cobble approximately 2.5 to 1€e@timeters (cm)n diameter (Reclamation 2010)
that contains minimal (i.e., <5%) fine sediment (Raleigh et al. 1986; Kondolf 2000). Optimal
temperatures for spawning are less than 13°C (55°F; USEPA 2003).

4.2.9.Supplementation and Reintroduction Efforts

4.2.9.1.Feather Rver Fsh HatcheryProduction Efforts

Following the construction of dams, which blocked historical habitat in the Sacramento and San Joaquin
river basins, CHNSR began spawning in the same reaches where CHNFR historically spawned, increasing
competition and hybridization between the runs. Adaditally, historical hatchery practices contributed

to hybridization between CHNSR and CHNFR.

DWR constructed the FRFH in 1967 to mitigate for the loss of Chinook Salmon and steelhead spawning
and rearing habitat caused by the construction of the Oroville Dam. In addition to owning the FRFH,
DWR provides funding to CDFW to conduct fish producti@hdastribution operations and maintain the
FRFH. The production of CHNSB@FRFH is managed as an integratedovery program with an

annual production target of two million CHNSR smolts to meet DWR mitigation requirements (CDFW
2022c).Former hatchey practices, as well as habitat limitations associated with the Oroville Dam, have
led tointrogression betweelCHNSR and CHNFR at the FRFH and in the Feather River (Hedgecock et al.
2001, 2002).
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In 2012 the California Hatchery Scientific Review Group reviewistinghatchery practices and

released a report witlhecommendations tanodify hatchery strategies to reduce impacts from hatchery
operations orESAand CESAisted specie$CA HSRG 201Z)DFW, in coordination with DWR, has
incorporated many of these recommendations at the FRFH. To address concerns over introgression of
CHNSR and CHNFR in hatchery broods@iRkMWmarks adult Chinook Salmon returning to the FRFH
between April through June (representing tharly arriving phenotypewith a pair of uniquely

numbered external Hallprint tag&ollowing marking, CDFW releases these early arriving Chinook
Salmon back into the Feather River Low Flow Channel to hold during the summer. During CHNSR
spawning operatioaat FRFH, CDFW spawns only Hallgaggedadult Chinook Salmathat re-enter

the FRFH in the fall for the production of FRFH CHN®Rs Post hoc analysis of CWTs extracted from
adipose finclipped, Hallprirtagged Chinook Salmon spawned at FRFH are used to identify any CHNFR
incidentally spawned with CHNSR. Aewilized eggs collected from crosses of CHNSR and CHNFR
(identified by CWT) are culled from productitmreduce hybridization between ruf€DFW 2022c).
Additionally, allCHNSR produced and released by FRFH are marked and tagged, follow@aliftineia
Hatchery Scieific Review Groupecommendation, and are releas@udthe Feather Riveexcept under

the most extreme drought condition€DFW2022c) A Hatchery and Genetic Management Plan that
describes these and other FRFH CHNSR program actions intended to assess hatchery program impacts
on ESA and CESA listed species has been drafted but not yet adopted (DWR and CDFW 2023a).

Although practices are in place to reduce impacts associated with FRFH operations, FRFH CHNSR may
still impact naturalorigin CHNSR populations through: (1) introgression with Feather River CHNFR due
to overlap in spawn timing and habitat limitations witithe spawning reaches of the Feather River Low
Flow Channel; (2) straying of FRFH CHNSR into ratigial CHNSR spawning habitat, though this has
been greatly reduced with the transition to-fiver Feather Rivereleases of FHFH CHNSR; and (3)
dispropationately high levels of returning hatchery spawners in comparison to natuigin fish, in

part due to differences in survival of natw@ligin and hatchenprigin eggs and juveniles (NMFS 2016c¢).

4.2.9.2 Reintroduction Efforts

4.2.9.2.1.San Joaquin River

To support the SJIRRP reintroduction effort, Reclamation, in partnership with USFWS, NMFS, DWR, and
CDFW, is responsible for restoring and maintaining fish populations in good condition in the San Joaquin
River between Friant Dam and the confluence of therdéd River. Efforts to restore populations

include improving fish passage;stream flows, and habitat within this reach, while also developing a

plan to release hatchery CHNSR into these restored areas (Sutphin et al. 2019).

The SJRRP began releasing hatchdagin CHNSR in April 2014 when an estimated 60,114 juvenile

CHNSR translocated from the FRFH and released at the downstream end of the restoration area (Sutphin
et al. 2019). CHNSR hatchery releases from FRFH conthmoedit 2016until the construction of an

interim facility was completand became available fepawning of maturéSRIRR#toodstock and

production of juvenile CHNSR for releaBetween 2014 and 2023, the SJIRRP has released over

1,000,000 juvenile CHNSR into the restoration area &32023). There are plans to increase CHNSR
production to 1,000,000 smolts annually onmnstruction ofthe permanent Salmon Conservation and
Research Facility complete(Patrick Ferguson, personal communication, 7/2024)
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Since the implementation of the SJRRP, several monitoring programs in the lower San Joaquin River and
Delta, including the Mossdale trawl and the CVP and SWP export facilities, have recovered CWT juvenile
CHNSR released from the SJRRP between Februalyradconsistentith the emigrationtiming of
Sacramenteorigin CHNSR (CDFW 26Z8acPAS 20B3

On April 9, 2019, the SJIRRP recovered the first adult CHNSR since the program began with an additional
22 adult CHNSR captured in April and May 2019 (Sutphin et al. 2019). Adult CHNSR have returned to
spawn in the restoration area every year since, witha8udlts returning in 2020, 93 adults in 2021, and

11 adults in 2022 (NMFS 2021, 2822023a). These data may indicate some success in the restoration
program and the potential for developing a CHNSR population on the San Joaquin River in the future.

4.2.9.2.2 North ForkYuba River

TheNMFS 2014 Recovery Plan @antral Valleygalmonids specifically Recovery ActidtUR1.1,

prioritizes the needo develop and implement a program to reintroduC&INSRnd steelhead to

historic habitats upstream of Englebright DANMFS 2014)TheNMFS 2014 RecoveRfan also states

that the program should include feasibility studies, habitat evaluations, fish passage design studies, and
a pilot reintroduction phase prior to implementation of the leteym reintroduction programin

December 2020, NMFS proposed a rule to authorize the reintroduction of CHNSR to the upper Yuba
River above Englebright Dam (85 FR 79980) and issued a final rule in December 2022 (87 FR 79808).
CDFW issued@nsistencyetermination in July 2023 (No. 20202300802, CDFW 2023. Californa

D2 3SNY 2 NJ DI @éeytly teléagedttadédy for California salmon populatiogsiliencyand
aguaticecosystem restoratiofSalmon Strategy for a Hotter, Drier Futuaégo identified reintroduction

of CHNSR in the North Fork Yuba Riveras AcBchE. / I t AF2NY AL Qa t NA2NAGE ™
modernize infrastructure for salmon migration. Specifically, Actiémpdioritiestaking the first steps to
re-establish CHNSR populations in Marth ForkYuba River by 202®ffice of California Goweor

Gavin Newsom 2024a).

The goal of th reintroduction effortis to establish a viable and independe@HNSRopulationin

historical habitat and increase the abundance, spatial structure, and diversity of CHiNSRgh

elevation habitat above Englebright Dam would be less vulnerable to the effects of climate change and
an additional population in the upper Yuba River would increase species resilience in a warming climate
with more variable precipitation and loag periods of droughtThe reintroduced populatiors

designated as a nonessential, experimental under the ESA, as is the population in the San Joaquin River
below Frant Dam (78 FR 79622). Similar to the initiation of the SJRRP, FRFH CHNSR would serve as a
donor source for reintroduction.

CDFW is leadim@HNSReintroduction efforts with the support of the Yuba Reintroduction Working
Groupformed in 2021 andomprised ofepresentatives frorNMFS, USFWS, United States Forest
Service, Yuba County Water Agerfeiacer County Water Agency, Nevada Irrigation District, Pacific Gas
andElectricCompanyMechoopda Indian Tribe, Strawberry Valley Rancheria, South Yuba River Citizens
League, California Sportfishing Protection Alliance, Save California Salmon, and AmericaGlRrieets.
planning efforts include the development of the following pilot studies anticipated to begin fall 2D24:
egg incubation?2) juvenilecadllection and transport3) habitat characterization and utilizatipand4)
parentagebased taggingDuane Linander, personal communication, 8/2024).
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4.3. Additional Chinook Salmon Stressors

4.3.1.Juvenile Stranding

Juvenile CHNWR and CHNSR can become stranded as a riésaltiafions inwater release from dam
operations, storm events, flood control structures, and other infrastructure that causes abrupt changes
in flow (Beccio 2016; CDFW 2017). Sudden changes in flow or unnatural flow patterns may inhibit
natural migration cues, causing fish to becotramped in isolated pools or channels that at higher flows
were connected to the Sacramento River (Revnak et al. 2017). Stranding can lead to direct mortality
when these areas drain or dry up. Indirect mortality can result through increased susceptibility to
predation or water quality deterioration in shallow or stagnant stranding locations (Revnak et al. 2017).

CDFW conducted a juvenile stranding monitoring program on the Sacramento River below Keswick Dam
from the summer of 2016 to the spring of 2017. Siitye stranding sites were surveyed between

Keswick Dam (the uppermost limit of anadromy on the Sacramiiver) and Tehama Bridge (a total of
73RM). CDFW rescued a total of 240 juvenile CHNWR and 19,892 juvenile CHNSR and returned them to
the Sacramento River. One adult CHNWR and eleven adult CHNSR or CHNFR were observed dead in a
stranding pool (Revnak et. 2017).

CDFW has also documented adult and juveBhiook Salmoastranding in the Sacramento and Yolo
bypasses following Sacramento River flooding events (Beccio 2016; CDFW 2017). From 1958 to 2016, an
estimated 4,515 juvenile Chinook Salmon, ofatisand life stages, have been collected by CDFW
downstream of the Fremont Weir within the Yolo Bypass. In the Tisdale Bypass, which drains into the
Sutter Bypass, an estimated 440 juvenile Chinook Salmon,rahatnd life stages, have been collected
downstream @ the Tisdale Weir between 1986 and 2016 (Beccio 2016). These numbers do not include
un-surveyed swales and pools within the bypass, as rescue efforts were limited to the spill aprons and
close adjacent areas of the Fremont and Tisdale weirs (Beccio Z0iré)g water year 2018, 197

juvenile Chinook Salmon were collected in the Fremont Weir stilling basin following an overtopping
event (Beccio 2019a). The Sacramento River overtopped Fremont Weir three times during water year
2019 with an estimated 1,407\anile Chinook Salmon collected from the Fremont Weir stilling basin
and 27 juvenile Chinook Salmon collected from the scour pool downstream of the adult fish passage
structure (Beccio 2019b). In water year 2019, an additional 3,829 juvenile Chinook Saineon

collected from the Sacramento Weir stilling basin and 108 juvenile Chinook Salmon were collected from
the scour pond near the Sacramento Weir. In water year 2023, an estimated 618 juvenile Chinook
Salmon were collected from the Fremont Weir stillbagsin (Marc Beccio, personal communication,
6/2023). It is likely that significant numbers of stranded juve@itenook Salmoare predated upon

prior to rescue and significantly more juveniles are stranded than have been identifieesumsyed

waters within the bypasses. Juven@é&inook Salmorearing within the bypasses can experience

delayed Delta entry with an increase in their travel distance if they do not exit the bypasses on the
receding hydrograph of the river. This delay may subject juvetalasfavorable hydraulic conditions in

the Delta. Current Sacramento River hydrology is flashy, with large swings in flow over short periods of
time. Fish rearing during high flows and exiting as bypass inundation subsides can be exposed to
decreased flowsnd experience lower survival (Perry 2010; Cordoleani et al. 2019; Notch et al. 2020).
The delay in Delta entry can also lessen the benefit of protectiol@My and SWiperational triggers
designed to decrease entrainment of emigrating salmonids inéaitikerior Delta.
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4.3.2.Adult Stranding

Adult CHNWR and CHNSR migrating through freshwater require enough flow for passage and olfactory
cues as well as adequate water quality and temperature (CDFG 1998). Attraction of adults into terminal
waterways and migration barriers results in delays carstling, ultimately affecting spawning success.

Flood bypasses and drainage canals are known stranding areas for CHNWR and CHNSR as documented
by CDFW fish salvage effofBeccio 2016; Gahan et al. 2016; CDFW 2017)

Adult CHNSR fish kills due to stranding have been observed in the Sutter Bypass and on the Sacramento
River at the BSOG because of poor passage conditions and attraction into the outfall gates, respectively
(Garman 2018). Adult CHNSR have been rescuedtifrerviolo Bypass during low Sacramento River

flows (as measured at Freeport), suggesting tidal related flow fluctuation at the confluence of the
Sacramento River and the Cache Slough Complex creates strong attraction cues for migrating adults
(CDFW 2017Additionally, the Yolo Bypass has been identified to increase route timing or prevent
access to holding and spawning habitats for entrained adults salmonids. Flows from the Yolo
Bypass/Cache Slough Complex junction into the Sacramento River (near RNbivasid,00@ubic

feet per seconddfs) are suggested to attract adult Chinook Salmon and sturgloipénser spp.

migrating to spawning reaches of the Sacramento River and associated tributaries (DWR 2015b). Adult
salmonids can also enter the Yolo Bgpaia the northern extent by the Fremont Weir, which acts as a
flood relief structure for the Sacramento River. When Sacramento River stage exceeds the top of the
Fremont Weir, water spills over and inundates portions of the Yolo Bypass. This influence€H8IWR

and CHNSR migration by: 1) increasing attraction flows into the Yolo Bypass, 2) providing passage
through the Yolo Bypass to the Sacramento River above the confluence with the Feather River and
Sutter Bypass/Butte Creek, and 3) stranding fidhénYolo Bypass as flows recede. Presence of adult
CHNWR an@HNSR has been confirmed within the Yolo Bypass throughout their migration window
through operations at Wallace Weir and pdktod monitoring below the Fremont Weir (Beccio 2016;
Gahan et al. 2016).

Flows around Delta water conveyance structures, such as the DCC, have also been demonstrated to
delay or strand adult Chinook Salmon attempting to return to natal streams. An acoustic telemetry study
of CHNFR movement throughout the Delta highlighted raatefusion when interacting with the DCC

and associated flows (McKibbin 2019). In this study, San Joaquin River origin adult CHNFR were
implanted with an acoustic tag and tracked as they moved through the Delta. Individuals interacting
with the DCC and assiated flow complexity experienced increased travel time during their migration to
the spawning reaches of their natal streams (McKibbin 2019).

4.3.3.Pathogens

Juvenile Chinook Salmon are more susceptible to disease and parasites when exposed to unfavorable
environmental factors such as poor water quality, contaminants, and low food availability (Lehman et al.
2020). Numerous pathogens have been documented wiitNWR and CHNSR ranges, including
Ceratonova shastéC.shastg, an intestinal parasite of salmonids that is a significant contributor to
mortality of fish in the Pacific Northwest (Bartholomew et al. 1997). DWR and CDFW biologists on the
Feather River sgrulate thatC. shastas responsible for killing up to half of the CHNSR juvenile

population exiting the Feather River each year due to the overlap in peak infectious period with juvenile
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presencgHarvey et al. 2022 here are also some indications tl@atshastanfection rates maylsobe
high in the Sacramento Riv@arvey et al. 2022)

During drought conditions in 2015, USFWS conducted a pilot sentinel trial in late September to assess
potential disease risk to CHNWR fry (Foott 2016). Results of this study showed that sentinel juvenile late
fall-run Chinook Salmon (CHNLFR) exposed t&#ueamento River for five days in late September at

Balls Ferry and Red Bluff were infected withshastaEighty juvenile CHNWR were collected at the

RBDD RST between October 15 and November 19 of the same year and sampled for histological
examination.Ceratonova shastaas observed in 15% of the samples (Foott 2016). NMFSdR016
concluded thatC. shastanfection could have impaired survival of emigrating CHNWR fry in 2015
becauseC. shastas a progressive disease and eatsge infections could develop into disease states in
these fish over time.

Since CHNWR comprise a single population with low abundance, naturally occurring pathogens pose a
greater threat to this population than to other Central Valley salmon runs. If CHNWR population
abundance were to decline even further, the probability woinlckease that disease outbreak could
significantly impact the remaining population (NMFS 20)1Migrating juveniles may be particularly
susceptible to the effects of pathogens since those effects may be magnified by environmental changes
that have occurrd in the Sacramento River and Delta over the last 100 years. Bartholomew et al. (2022)
identify river water temperature and flow conditions as the primary environmental drivers for disease,
includingC. shastanfections. Higher water temperatures lead to increased rates of parasite replication,
which correlates with disease progression, severity, and mortality.

The2020SWP ITP Condition of Approval 7.5.3 requD&VR to initiate pathogen monitoring to inform

the source and magnitude of CHNSR loss prior to Delta entry by conducting studies in the Sacramento
and Feather rivers and Delf€DFW 2021). By expanding monitoring acroSs shastdife stages, DWR
YR /5C2Qa 32t Aa (2 RS@St2LI I Y2RSt GKFdG S@It dz
population level infection and mortality rates. Monitoring will also help inform other pathogen issues in
the Sacramento River watershed, includPgrvicapsula minibicorn{glomerulonephritis),

Tetracapsuloides bryosalmongeroliferative kidney disease [PKDPhthyophthirius multifiliigwhite

spot disease)-lavobacterium columnar@olumnaris),Renibacterium salmoninarugbacterial kidney
disease [BKD]), an8almonid novirhabdovirysfectioushematopoieticnecrosig§IHN). DWR will

continue to supporpathologymonitoringefforts through5 2 w Gewly developed Feather River

Program, whictwill incorporatepathology monitoring andesearchfocusedon C. shastan the Feather

River DWR will also continue timnd an Environmental Scientist within CDEAdugh 2026to conduct
monitoringon the Feather River and tributaries of the Sacramento Ragwell aother researchefforts
conducted byJniversity of California at Santa Cruz, USFWS, Oregon State UniaaiBacific States
Marine Fisheries Commissi¢@rimaldo2024).

4.3.4.Contaminants

Contamination can lead to either acute toxicity, which results in death when concentrations are above a
known threshold, or in chronic toxicity, which results from ldegn exposure at lower concentrations.
Chronic exposure has sublethal effects that reglthe physical health and development of an organism
and can lead to behavioral changes (NMFS @pX8ommon forms of contaminants found in the
SacramentdriverBasin are insecticides such as pyrethroids, organochlorines, organophosphates, and
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phenylpyrazoles (Anzalone et al. 2022), and pharmaceuticals and personal care products such as
antibiotics and microplastics (Fong et al. 2016). These contaminants can enter waterways through
various mechanisms; however, the most common form of entryrisutph surface ruroff (Anzalone et
al. 2022 Fuller et al. 202R Contaminants can ent€ HNWR and CHNSR exposediivért contact with
the scalesand gills or through consumption of contaminated prey items (Anzadbiad. 2022).

In the Sacramento Riv&asin, salmonids are exposed to a multitude of contaminants, but their

exposure risk largely depends on where they rear and forage. In a recent study, salmon collected in the
Yolo Bypass had significantly higher concentrations of organochlorines in thi@istiban salmon

collected in the Sacramento River, and salmon collected from the Sacramento River had a greater
number of pyrethroid detections overall (Anzalone et al. 2022). It is presumed that these differences in
contaminant ypes and levels result from the modes of transmission. For example, in tR20id

century the use of organochlorine pesticides, like DDT, were common on farmlands across the United
States. Even though the use of these pesticides is no longer legal, legacy impacts are still detectable in
the soils and sediments of the Central ValleyapdFuller et al. 2022). When the Yolo Bypass floods, the
disrupted soils release trace amounts of the organochlorines that can be directly absorbed by salmonids,
or their D20plankton prey items as they rear on the floodplain (Anzalone et al. 2022). In the mainstem
Sacramento River, pyrethrin pesticides are more commonly found in macroinvertebrates, another
salmonid prey item, which rely on biofilms as a food source. Matiyedfiofilms in the Sacramento

River are believed to contain pyrethrin residues which get ingested by macroinvertebrates and
eventually passed to salmonids (Anzalone et al. 2022).

Juvenile salmon rearing in the Yolo Bypass may also experience increased accumulation of
methylmercury than those reared in the Sacramento River (Heeteay: 2010). Juveniles reared the

Yolo Bypass also showed higher methylmercury levels per weight than the Sacramento River.
Methylmercury poses a threat to the aquatic environment because it acts as a neurotoxin that
bioaccumulates and biomagnifies in the food web. Floodplain inundatiomwbilize mercury, which

may result in increased methylmercupals throughout the Delta and Estuary. Despite improvements

to water quality in the Sacramento River and Delta, water pollution remains a threat to the conservation
and recovery of all runs of Chinook Salmon and their habitat (Macneale et al. 2010; N2€43yr

4.3.5.Predation

Predation is an ongoing threat to juvenile CHNWR and CHNSR throughout the Sacramento River and
Delta where both nomative and native species prey on juvenile salmon (NMFScZliGd). Altered

and simplified habitats, the presence of marade structures, and altered flow regimes including Shasta
Reservoir operations and water diversions in the Sacramento River and Delta contribute to increased
predation levels by favoring predatory spes and predator contact rates with prey (NMFS 2016

Grossman et al. (2013) state there is clear evidence juvenile salmon are consumed by fish predators, and
that the population of predators in the freshwater migratory corridor of juvenile CHNWR is large enough
to effectively consume all juvenile salmoroduction. However, it is not clear what proportion of

juvenile mortality can be directly attributed faiscivory Specifically, in the context of extreme
Y2RAFAOIGAZ2Y 2F GKS {FONIXYSyidi2 wAiA@SNDa yI GdzNI t Tt
native fish and avian predators, temperature and dissolved oxygen limitations, and overall reduction in
historical salmon population size, predation may serve as the proximate mechanism of mortality in a
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large proportion of the population, but the ultimate causes of mortality and declines in productivity are
less clear (Grossman et al. 2013). For example, stress caused by harsh environmental conditions or
toxicants will render fish more susceptible tosdlurces of mortality including predation, disease, or
physiological stress.

Nobriga et al. (2021) found a significant inverse relationship between inflows from the Sacramento and
San Joaquin rivers and water temperatures in the Delta, reaffirming previous studies that reported low
juvenile Chinook Salmon survival (due to incregsediation and reduced swimming ability) as seasonal
water temperatures approach 20{68°F)during the spring (Kjelson and Brandes 1989). In contrast,
higher flows and associated cooler water temperatures reduce predator metabolic rates and may also
reduce the presence of predators in juvenile salmon habitats (Munsch et al. 2019). Studies continue to
be conducted in the Delta to understand the effects of predation on salmonid populations while
Grossman et al. (2013) offer that the most productive managdregategy for decreasing predation on
Chinook Salmon and other Delta fishes is to restore natural habitat and flows, especially in predation hot
spots.High rates of predation occur in certain predation hot spots; however, studies have shown that
predation rates do not scale with predator density (Abrams 1993; Michel et al. 2019; Zeug et al. 2019).

Under the 2019 NMFS BO, Reclamation and DWR are required to plan and implement measures to
reduce predation intensity at known hot spots, specifically at the scour hole located at the junction of

the San Joaquin River and the Old River. In 2022, Reclancatiwened a group of consultants and

Sate and federal fish agencies to work througBBMprocess to identify six projects that meet the

L yQa 202S0GAQGS (2 Y2RATe OKIyySt 3S2YSIiNEB | yR
projects will latetbe narrowed down to three and the effects vk fully analyzed in a forthcoming
environmental process.

4.3.6.Thiamine Deficiency Complex

Thiamine deficiency complex (TDC) is a recent ongoing threat to Chinook Salmon stocks that was first
noticed in Central Valley hatchery populations in 2019, resulting in widespread early life stage mortality
(NMFS 2022 20233. TDC is hypothesized to be caused by a greater abundammetbern Anchovy in
salmon diets as a result of a reorganization of food webs in the ocean due to climate change (NMFS
202%, 2023¢. NorthernAnchovy possess thiaminase, which is an enzyme that causes the breakdown of
vitamin B1 and can lead to thiamine deficiency. Aditinook Salmothat are thiamine deficient when
spawning produce progeny with increased early life stage mortality. Juv@hiteok Salmowith TDC
experience loss of equilibrium, swimming in a spiral pattern, lethargy, hyperexcitability, and hemorrhage
(Mantua 2021). Since the discovery of TDC in Central Valley Chinook Salmon populations, hatchery fish,
including those at LSNFH and FRFélfreated with various thiamine treatments depending on their

age (ie., injecting the adults with thiamine or bathing the eggs in a thiamine bath). However, natural
spawning populationsf Chinook Salmoare still at risk.

4.4.1mportance of Life History Diversity for Chinook Salmon

/£ AT 2 NY Walle éontdinS tfidisbiithernmost runs of native Chinook Salmon in the world, and
experiences some of the most extreme climatic variations in North America. As a result, Chinook Salmon
in the Central Valley exhibit exceptionally diverseifgtory traitscompared to other stocks,

particularly with respect to adult immigration and juvenile emigration timing (Healey 1991; Sturrock et
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risk throughout the run among multiple IHaistory strategies and reducing intspecific competition
(Healey 1991; Greene et al. 2010; Carlson and Satteitev2011; Sturrock et al. 2015). Additionally,
genetic and lifehistory diversity are important for species and population viability because genetic and
phenotypic diversity allow a species to use a wider array of environments, protect speaiest &port

term spatial and temporal changes in the environment, and provide the raw materials for surviving long
term environmental change (NMFS 2@)0Restoring and maintaining this diversity is critical, especially
as climactic conditions become more unpredictable as a result of climate change in a spatially and
temporally varying environment such as the Central Valley.

CHNSR juveniles can emigrate to the ocean agsatings, including fry, parr, and smolts, during the
spring, or they can ovesummer and emigrate the following fall, winter, or spring as yearlings (CDFG
1998). Juvenile lifdistory diversity is partically variable within CHNSR populations in Deer and Mill
creeks because they spawn over a large elevational range (1,200 to 5,203 ft), which results in significant
variation in the duration of egg incubation and timing of fry emergence in the watershexds@oland

Merrick 2012). As a result, depending upon the elevation at which an adult female spawned, CHNSR
juveniles from a given brood year may emigrate as\gdirlings from January through June, or as
yearlings the following fall, winter, and spring (debn and Merrick 2012). In the Central Valley, juvenile
Chinook Salmon sampled in various locations throughout the Sacrarsamdoaquin River systems are
classified byun using the LAD criteria based upon projected annual growth (Fisher 1992). Diverse
juvenile lifehistory expression, slow growth rates, and variable emigration timing can iasCiHNSR
juveniles in Deer and Mill creeks being misidentified. Specifically, fall emigrants (yearlings) often are
incorrectly classified as CHNLFR or CHNWR, and a significant portion of YOY CHNSR are classified as
CHNFR and CHNLFR (Johnson and Merrick 2b&2hability to correctly identify CHNSR juveniles in

Deer and Mill creeks in the freshwater environment has significant management implications with
respectto preserving lifenistory diversity.

Sacramento River CHNWR also exhibit diverse juvenile life histories. CHNWR juveniles primarily express
an oceantype life-history pattern, with juveniles leaving spawning areas in the upper Sacramento River
and emigrating as fry in the late summer or eday. USFWS RST monitoring at RBDD (RM 243) from

April 2002 through September 2013 documented that on average, juvenile CHNWR passage was
composed of 80% fry and 20% mmnolt/smolt sizeclass fisi{Poytress et al. 2014Emigration past

RBDD begins in July and lasts into March the following year, with 75% of average annual passage
occurring by mieDctober with sporadic pulses of smolts through Mafebytress et al. 2014For brood

year 2022, fry passed RBDD by November and smolts completed passage by the end of May (Scott Voss,
personal communication, 6/2023). RST monitoring on the lower mainS@enamento River at Knights
Landing (RM 89.5) is used to inform entry of CHNWR juveniles into the tidal Delta environment. CHNWR
juveniles have been recorded at Knights Landing as early as August and as late as April, with most
catches recorded between Quter and April (CalFish 2093Poytress et al. (2014) describes the

significance of first flush of the season based on the relationships between river discharge, turbidity, and
fish passage, and that the importance of the first storm event of the fallioter period in triggering

juvenile fish migrations cannot be overstated.

While spatial and temporal juvenile Chinook SalmonHifory diversity in the Central Valley is revealed
through RST monitoring, studies of otoliths recovered from adult Chinook Salmon document that
spawning populations are composed of individuals atiitey diverse early lithistory strategies

61



(Cordoleani et al. 2018; Phillis et al. 2018; Sturrock et al. &0D&er and Mill creelCHNSR otolith
research conducted by Cordoleani et al. (2018) highlighted multiple juvenile rearing strategies
contributing to adult Mill Creek and Deer Creek CHNSR populations, with the contribution of different
strategies varying across years. Theseiswdlso documented diverse habitat utilization and +matal
rearing, adding to existing research highlighting the importance of maintaining a portfolio of juvenile
life-history strategies in Pacific salmon (Greene et al. 2010; Carlson and Satterthwaite 2011; Schroeder
et al. 2015)0Otolith isotope profiles fronadult CHNSR returning tdill and Deer creekshowed three
discreteemigration typeg; early, intermediate, and late that differed in age and sizat the time when
juvenilesleft their natal strean{Cordoleani et al. 2021AIthough late migrantgyearlingsmade up the
smallest proportion of outmigrants observedjuvenile monitoring(10%) they were the met
prominentlife history type in adult returnen average fron2007 to 201§60%) Late migrants may
experience substantially different freshwater, estuarine, and ocean conditions compared to early and
intermediate migrantsAdditionally, spreading out the juvenile migration window may reduce
intraspecific competitionLate migrant@migrating in the fall of years under drought conditions and
warm ocean temperaturegere critical to maintaining the Mill and Deer cragkHNSR populations,

with very fewearly and intermediate juvenile migranteom the same brood year®turning as adults.

The latejuvenilemigrationphenotypeis an important life historytype to maintainin the face of
predictedincrease infrequency andntensity of extreme climate condition€onserving life history
diversityincreasegopulation resilienceriathe portfolio effectby spreading rislspatially and
temporally(Cordoleani et al. 2021)

NMFS (2008) emphasizes the importance of conserving the genetic and phenotypic diversity of
salmonid populations by: 1) protecting key components of the environment to which they are adapted,
including allowing natural process of disturbance and regeneration to @wiR) preventing human
caused alterations which could reduce fitness by weakening the adaptive fit between a salmonid
population and its environment or limit a population's ability to respond to natural selection. Juvenile
salmon mortality dang emigration to the ocean is considered a critical phase contributing to overall
adult salmon population dynamig¢klealey 1991; Williams 2006)

The hydrology of the major Central Valley rivers and Delta has been highly modified. Dam releases on
the major rivers are now generally much lower than unimpaired conditions in the winter and spring and
higher in the summer and fall, and exports in thetBeémove up to 50% of the freshwater from the
system during certain time periods (Cloern and Jasshy 2012; Hutton et al. 2017; SWRCB 2017).
Modification of the natural hydrograph, including suppression of winter pulse flows, has resulted in
contraction ofmigratory windows, reducing the variability in emigration timing, and suppressing full
expression of juvenile Chinook Salmon life histories. Additionally, the changes in timing and magnitude
of flow combined with water diversions negatively impacts reahiagitat, connectivity, and ecosystem
processes to which salmon have adapted (Lloyd et al. 2004; Lytle and Poff 2004; Flitcroft et al. 2019),
hence native species may be poorly equipped to survive new flow regimes (Poff et al. 1997; Poff and
Zimmerman 201 The resulting reduction in life history diversity could significantly reduce the
NEaAtASyOed 2F GKS {FONIYSyid2 wAOSNI g SNEKSRQa&
temporal mismatch with favorable ocean conditions (Satterthwaite etGl42.

Supporting life history diversity requires a broad migratory window that includes both early and late
migrants, available rearing habitat throughout the migratory corridor, and sufficient flow to support
migration, habitat connectivity, and ecosystem prsses in freshwater habitats and in the Estuary
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(Bunn and Arthington 2002; Montagna et ad02; Greene et al. 2010; Poff and Zimmerman 2010;
Carlson and Satterthwaite 2011; Schroeder et al. 2015; Goertler et &; Rhillis et al. 2018; Flitcroft et
al. 2019; Sturrock et al. 204p
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5. Take andimpacts ofTaking onWinter- and Springrun

Chinook Salmon

The following sections describe take of and impacts of taBiNGHNWR and CHNSR by Project
infrastructure and operationst ¢ I { S¢ A ZalifR®idFslyaddGam&Codection 86 aghunt,
pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, ar'’kilke ofCHNWR and
CHNSR eggsiveniles,and aduls by the Projectan occueither directly or indirectlyn the form of

G O LJG dzNJB é¢South Petaekpdritopetatiodamayresult in take ofuvenile and adult CHNWR and
CHNSR througmpacts onrearing, routing, and survivédeeSection 5.X Effects of South Delta Export
Operationson Rearing, Routing, and Survival of Chinook SalrSanith Delta export operationsay
alsoresult in take througlentrainment of juvenile and adult CHNWR and CHNSR into the interior Delta
and south Delta CVP and SWP export faciliiesSection 5.2; Effects of South Delta Export
Operations on Entrainment of Chinook Saljp®@perations andor maintenance activitieassociated
with other Project facilitieshat maypose a threat to CHNWR and CHM&Ralsodescribed including
maintenance at CCBperations andnaintenanceat BSPPthe South Delta Temporary BarriePsoject,
water transfersand operationst the Suisun MarsFacilities(seeSections 5.%.7).

5.1. Effects of South Delta Export Operations &earing Routing
and Survivabf Chinook Salmon

Take of juvenile CHNWR and CHMSRe form of impactselatedto alteredrearing, routing, and
throughDelta survival will occur as a result of Projestaited effects on Delta hydrodynamidsake of
adult CHNWR and CHN@iR also occuin the form of impacts related talteredrouting and Delta
survival as a result of Projerlated effects on Delta hydrodynamid¢¥ojectrelated hydrodynamic
changes may reduce the suitability of the Delta for supporting successful rearing and migration,
including by routing and entrainment pfvenie and adultCHNWR and CHNBI® the interior Delta,
increasing the susceptibility afvenile CHNWR and CHN®&Roredation, and increasingvenile and
adult CHNWR and CHN&#®osure to poor water quality conditions.

Projectrelatedeffects to Delta hydrodynamics may impact juvenifel adult CHNWR and CHNSR

migration timing and duration, behavior, and survival through the Delta. Key drivers of Delta
hydrodynamics are freshwater inflowpmbined CVP an@8WP Delta expastoperations of the DCC, and
historically thepresence or absence of thidéeadof Old RiveBarrier (no longer installedollowing its

removal in November 201®WR 2022d These drivers interact with tidal influences over much of the
interior and south Bltaand are oftercorrelated with one another (e.g., exports tend to be higher at

higher San Joaquin River inflow}¥ a resultregulatory constraints on multiple drivers may

simultaneously be in effecPWRa Y2 RSt Ay 3 2 TsverduRrépbskd?rSject seeyfaRos (i A 2 Y
reflects those realities and, while those scenarios are appropriate for Project analyses, they have limited
value for evaluating the isolated effects of one driver versus another.

2¢Proposed ProjeétNEFSNB (G2 2LISNI GA2ya A yWDWNREERSBNA ihciided ilCalSia3 L ¢t ! LI
modeling inputghat represent those operationg.he Proposed Project does not include all minimizati@asures
(see Appendix € CalSim Modeling Results) mitigationrequirementsthat are required bythe 2024 SWP ITP.
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In the ITP ApplicatiomWRutilizes a single concepf velocity changes at distributary junctions to
evaluate the effects of Projeciperationson entrainment ofCHNWR and CHNBI® the interior Delta
(DWR 2023f)Basedon the Delta Simulation Moddl (DSM2 analysis DWR concludethat Project
operations have little to no effect on velocity changes at distributary junctions; therdidMéRassumes
little differencein rearing, routingand throughDelta survival of juvenile CHNWR and CHINEIRr the
Proposed ProjeciThe ITP Application alsssumes little difference in adult CHNWR and CH&iRng
during immigration through the Delt&his single concept underlying the analymcludes simplifying
assumptions andoes not account for the complex and diverse life history strategf CHNWR and
CHNSR.

The ITP Applicatiomcludesthe followinganalyseghat rely primarily onstudies conducted witlCWT
smolts and acoustically tagged hatchery CHNBR&® CHNWHRor Zeug and Cavallo 201gholts to
evaluate routing and througbelta survival ojuvenile CHNWR and CHNERVR 2023f)

1 Delta Hydrodynamics (based on Zeug and Cavallo 2018&ntbnid Scoping Ted®@ST2017)
1 Delta Passage ModéDPM)

1 Survival, Travel Time, and RoutBignulation(STARS, based Berry et al. 2018)

91 Ecological Particle Tracking Model (HZI based on Wang 2019

1 SanJoaquin Rive®rigin SpringRun Chinook Salmon Structured Decision Model

Theseanalyses utiliz€alSin8 modelingfor water years 1922 through 202CalSim 3s primarily a
comparativewater operations and supply model thatoduces water supply values on a monthly
timestepandwas not developedo incorporate biological data or model Proposed Projgmtrationsat

a finer timescaleCalSim 3 is not a predictive model that can forefatstre water supplyCalSim 3

which isthe most recent version of the CalSim modetorporatesboth CVP and SWP operatidi3VR

2017) ModeledBaseline Conditionassumeexisting CVP operationsr(der theimplementation of the

2019 NMFS BO and the 2019 USFWSaBd¥xistingSWP operations (under the implementation of the

2019 NMFS BO, the 2019 USFWS BO, arzD&& SWP ITRYlodeledProposed Projecissumes

existing CVP operations and proposed SWP operafiorder the implementation of the024 SWP P

except forOMRflow managemenmeasureswhich are modeled consistently for C\ES&VP measures

in the Proposed Projeciv S Of | Y prapdsdytiiatges to CVP operations (Proposed Action) as part of
ongoing federal reinitiation of consultation for lotgrm operations for CVBnd SWHKReclamation
2023)establishes consistent OMR flow management measures with the 2024 SVWAdimBdeling

results presented in this Effects Analysis, water year type was determined based on the 50% exceedance
F2NBOF&AG Ay aleé 2F -5 {pOUBNBySERNEKERRRI @aAAO Of |
Bulletin 120; DWR 2024ahless otherwise notedsee Appendix €CalSim Modeling Results for

additional information on CalSiBimodeling assumptions and caveats for Baseline Conditions and
Proposed Project scenarios.

The ITP Application includeso proposals for spring outflow under the Proposed Prajéutrefore,
there are two Proposed Project scenaribst were modeled in CalSimcdnterim operations under the
ITP_Springcenario andBWHPRoperationsvia the Healthy Rivers and LandscaBesgram(HRLunder the
9A _V2A scenarifsee Section 6.3; Condition of Approva8.12 DWR 2023f The ITP_Spring CalSim 3
modeling scenario includes proposed SWP operations as weiM&simplementation ahe 2020 SWP
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ITP Condition of Approval 8.£Export Curtailments for Spring Outflofhe 2020 SWP ITRndition of
Approval 8.17 includes export curtailments for all water year tydesermined by the 75% exceedance
forecast for the San Joaquin Valley IndexrequiringDWRto manage exports to achieve a specific

inflow to export (l:Eratio for each water year type using San Joaquin River flow at Vernalis and
combined CVP and SWP exports from April 1 through May 31. The 9A_V2A scenario includes proposed
SWP operations as wel BSWR2 & O 2 y (i Nk ERIzivhic icludeg a Delta inflow block of water

and SWP export curtailments. The increase in Delta inflow equates to a 50 thousatided¢ieAF)

inflow block of water in March of dry, below normal, and above normal water year types. The SWP
export curtaiment equates to a 92.5 TA¥elta outflow block of water in April through May of dry and
below normal water year types and a 117.5 TAF Delta outflow block of water April through May of
above normal water year types. Nielta inflow block oexport curtailments are proposed for critical or
wet water year typesSacramento River, Feather Riyieesides those associated with SWP

contributions) Yuba River, American River, Putah Creek, and MokelumnecBmponents of the HRL
were not modeled as part of the Proposed Project and arecnasidered in the Effects Analysihie

Effects Analysis also does not include CVP contributiotietbiRlor CVP operations outside of OMR
Management measures associated with the federal Proposed Action resulting from ongoing reinitiation
of consultation for longerm operations of CVP and SWP.

The modeled results for the DPM and the San Joaquin-Ririgin SpringRun Chinook Salmon
Structured Decision Model do not include either spring outflow scenario under the Proposed Project;
therefore, this Effects Analysis does not include results fraheemodel. The NMFSSouthwest
CAEAKSNARSa { OA Snir8e Cyck WiddSHeIIEX eeal 30A8abldot run for the
operational scenarios included in thiePApplication (9A_V2A and ITP_Sprirgy) life cycle modelinig

not discussed in thisfects Analysis

Analyses included in this Effects Analysise some applicability for evaluation of routingnighly

mobile emigrating CHNWR and CHNSR smolts, which trangketzein approximately seven dayieto
the interior Delta and througielta survival based on north Delta infland DCC gate operations
However these analyses af@nited in their ability toevaluat Project effects on naturadrigin CHNWR
and CHNSR fry, parr, and smolts which rear in the Delta and comprise the bulk of these popisie¢ions
Section 5.1.3.% Survival, Travel Time, and Routing Simulation Analysis [STARS] and Se&tidq 5.1.
Ecological Particle Tracking Model [EHETM] SST 20)7Project dfectson rearing juvenile CHNWR and
CHNSRvere not quantifiedin the ITP Applicatio(DWR 2023fland to/ 5 C 2kfid@ledge cannot
currently be quantifiedr analyzed using existing biological modeliogls. However, egualitative
analysis of Project effects on rearijuyenile CHNWR and CHNSR is provided in Sectior;E&ffelcts of
South Delt&ExportOperationson JuvenileChinookSalmonRearing The impact of Project operations on
rearing, routing, and througbelta survival of juvenile CHNWR and CHNSR is likely greatevtibais
guantitatively estimated in théTP ApplicatiotDWR 2023fjlue to thelimited scopeof the biological
modelingwhich does noaccount for all life stages of Chinook Salmon

Many of the mechanisms through which changes in Delta hydrodynamics and other factors related to
SWhPoperations including CVP operationsay contribute to salmonid mortality (e.g., change in
vulnerability to predation in Delta channels, change in migration routing, reduced fitness due to impacts
to rearing habitat and food webs, and impacts to ecosystem processes in the Estuditg)what

degree theyimpactdifferent life stages have not been determine{SST 2017YheCollaborative
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to both the CVP and SWP export faciliti&ST 2017)

Water export operations contribute to salmonid mortality in the Delta via direct mortality at the
facilities, but direct mortality does not account for the majority of the mortality experienced in
the Delta; the mechanism and magnitude of indirect effe€twater project operations on Delta
mortality outside the facilities is uncertain

Estimates of direcjuvenilemortality (e.g., mortality resulting from psscreen losses and lossesG P

and SWRouver and salvage facilitiebave been developed from CWT data by several authors and

show, in general, that the magnitude of direct loss (e.g., percentage of a marked release group observed
in salvage) is typically low for juvenile Chin&knon (less than approximately 1%ST 2017However,

such estimates do not include expanduced mortality prior to entering th€VP and SWP export

facilities that is indirectly related t€VP and SWéperations (e.g., mortality resulting from changes in
habitatcaused by CVP and SWP operafioBstimates of direct mortalitst the CVP and SWP export
facilitiesas a proportion of total migration mortality have been as high as 5.5% for CHNWR and 17.5%
for ChinookSalmon released in the San Joaquin River (Zeug et al. 2014; SST 2017).

It is unknown whether equivocal findings regarding the existence and nature of a relationship between
CVP and SWéxports anduvenileChinook Salmothrough-Delta survivahre due to the lack of a

relationship, the concurrent and confounding influence of other variables, or the effect of low overall
juvenile Chinook Salmaurvival in recent years (SST 2017). Further analysis of available data, as well as
additional investigations to test hypotheses regard@igP and SWiéXport effects on migration and

suwvival of Sacramento River and San Joaquin River origin salmonids migrating through the Delta are
needed to address these data gaps (SST 2017). Some of these data gaps willtheofilggt?024 SWP
ITPrequiremerts to support ongoing monitoring, implement new monitoring, and new science

(Condition of Approval.9¢ Winter and Springun Chinook Salmon Monitoring and Science

Requirements

Minimization of Project effectsn rearing, routing, and survival of CHNWR and CHNSR are discussed in
Section 61 ¢ Minimization ofProject Effects on Rearing, Routing, and Survival of Chinook Safrtios
Effects Analysiand include thémplementation of Conditions of Approviaquired bythe 2024 SWP

ITP.

5.1.1. Effects of South Delta Export Operations on Juvei@l@nookSalmon
Rearing

Currently, there is a need for additional monitoring and science to bolster our understanding of natural
originjuvenile CHNWR and CHNSR behavior, habitat utilization, feeding strategies, occupancy, residence
time, use of tidal surfing/selective tidal stream transport, predation effects,-teng routing, and

other aspectghat would be necessary to populate life cycle modelgsmableother methodsof

guantitative evaluationAs a result of these lorgtanding data limitations, guantitative evaluation b
Projectrelatedeffects on CHNWR and CHNSRéitta rearing has not been conductdtbwever, the

following section evaluates impaa® rearingqualitatively, based on published literature
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While Delta waterways function as migratory corridors for CHNWR and CHNSR thesdtsyaterways
alsoprovide holding and rearing habitat fdrese fish Juvenile salmonids use the region for rearing for
several months during the winter and spring before migrating to the marine environment. CHBWER
been observedo be present in the Delta for an extended period of time, with apparent residencestime
ranging from 41 to 117 daysdlonger apparent residence times for juveniles arriving earlier at Knights
Landing (del Rosario et al. 2013). For Central Valley CHNFR, sizeable fractions of the adult escapement
are made up of fish that left freshwater and en¢d the estuarine environment as fry or parr life stages

in addition to the expected smolt life stage (Miller et al. 2010; Sturrock et ab)2B8inong theCHNFR

parr and fry life stages leaving the freshwater environment, a large fraction (25% of parr and 55% of fry
migrants) spent time rearing in the brackish waters of the-Beita region (Miller et al. 2010). Similar

life history diversity strategies likely skior CHNWR and CHN&®Rtcroft et al. 2019)Recent

monitoring data from Sherwood Harbor trawbhich is considered the Delta entry point faigrating

juvenile Chinook Salmoimcludesobservations ofry, parr, and smoltife stagedor genetically

identified naturatorigin CHNWR and CHNSR (see Appendidubenile Size Distribution in Delta
Monitoring and Salvagefbout 21% and 7.1% géneticallyidentified naturatorigin CHNWR and

CHNSR observationgspectivelywere categorized as fryvhile 18.5% and 11.1%espectivelyywere
categorizedas pary suggestinghat a substantiaproportion of juveniles utilize the Delta for rearing

Individual rearing fish entrained into the interior Delta are subject to tidal forcing and may move
through the San Joaquin River into the channels of Old and Middles, as well as other channel
junctions in the reach, rather than moving towards the western Delta. Juvenile CHNWR and CHNSR from
the Sacramento Rivddasin have been observed in salvage at@\&Tracy Fish Collection Facilityd
SWPSkinner FisProtectiveFacility in the south Delta (see Sectm@.1.2¢ Historical Loss of Juvenile
Chinook Salmon) verifying that juvenile CHNaMB CHNSRre present in the waterways leading to
both the CVP and SWP expdéacilities.Smalér juvenile CHNWR and CHNB&®, fry- and parrsized
juveniles are occasionallpbservedin salvagendare likely underrepresentedue to prescreen loss
(see Appendix  Juvenile Size Distribution in Delta Monitoring and Salvays.to extensive tidal
movement and reverse flowfsom exportsin the two main channels (Old and Middigers leading to
the CVP and SWéXport facilities, juvenile CHNWARd CHNSRiay disperse into many of the
waterways adjacent to th€VP and SWéXport facilities, including waterways that contain t&suth
DeltaTemporary Barriers Proje@Id River, Middle River, and Grant Line Case#t Section 5.§ Effects
of the South Delta Temporary Barriers Project on Chinook Salmon

Juvenile CHNWR and CHNSR rearing in the Delta are exposed to reduced Delta outflow associated with
CVP and SWP export operations, which reduces the quality and quantity of lsafagitiablein the Delta

that is dependent on inflows from the Sacramento and San Joaquin rivers to support habitat diversity
(Brandes and McLain 2001; Sommer et al. 20D4¢. Proposed Project has the potentiaincrease

exports during critical outmigration montts the spring which may lead toeduced Delta outflow (see
Appendx C¢ CalSim Modeling Resuli®educed flows are associated with a reduction in total

inundated acres of channel margin habitat fovenileCHNWR and CHNS#hich frequently rear in

shallow waters around the edges of tidal wetlands and dendritic channels in the Retftaced channel
margin habitat along with longer residence and travel times due to lower outflow may increase predator
densities and predation of juvenile CHN\R CHNSRearingin the Deltalower Deltaoutflow may

increase the density dittoral predators into smaller, shallower areas and decrease escape cover for
juvenile salmonid¢DWR and Reclamation 2022pwer Delta outflow may also increase the abundance
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and distribution of invasive aquatic plant communities that provide better habitat formative

predators. Warmwater and drought tolerant predator species rarely show declines during low Delta
inflow periods Mahardja et al. 2021DWR and Reclamatid@®022).Additionally,lower Delta outflow

coupled with higher temperatures, associated with climate change, may increase juvenile CHNWR and
CHNSR susceptibility and exposure to pathogens and parasites in thédeelBection 4.3.8

Pathogens; Carter 2008% a result ofdnger travel times, increased residence times, and less available
rearing habitat Together these stressors tied t€VP andProject operations may truncate juvenile
CHNWR and CHNSR rearing in the Detgch may further diminish lifeistory diversity (specifically
late-rearing juveniles) and population resilience (diminished portfolio effect; Munsch et al. 2019;
Sturrock et al. 2018).

Analyses that rely on parameters for migrating fistit not rearing fishto characterizeCVP andProject
impacts on CHNWR and CHNSR will likely underestimate take. Specifically, quantitative evaluations of
routing and througkDelta survival are primarily based on CWT and acoustic tag data for hatchery smolts
which arelarger, highly migratoryand exhibit Delta transit times averaging approximately seven days
(SST 2017 Application of &-day transit time is not well suited for analyses involving rediistg which

spend extended periods of time in the Dettad comprise the bulk of annual natural CHNWR and
CHNSRutmigrationproduction(see Sectios4.1.6and 4.2.6¢ Rearing and Gtmigrating Juvenilesand
Sectionst.1.7 and 4.2.% Juvenile Ocean Eniry

The broad conceptual model developed by the South Delta Salmonid Research Collaborative Effort
predicts that CVRnd SWmperations could affect juvenile salmon migration timing, migration rates and
route selection, and locations of rearing and habitat use in the tributaries influenced bgr@\&WP
operations such as the Feather, American, Sacramento, and Stamigskrgsandhe Delta(SST 2017)

CVP and SWherations have the potential to constrain life history diversity as a result of altering
instream flows, export operations, and other habitat conditions by favoring one type of life history
attribute over others (SST 2017). Over time, this can represent a selective pressure that reduces
diversity withinand abundance o population (SST 2017). The cumulative effect ofd@FSWP
operations on juvenile salmonid mortality in and beyond the Delta, in relation to other stresserits
further study and data collectio(BST 2017).

5.1.2. Effects of South Delta Export Operations on Juvei@l@nookSalmon
Routing

Hydrodynamic changes associated with river inflows smudh Delta exports have been suggested to

adversely affect juvenile Chinook Salmon in two distinct ways:)SHANS f Ré¢ Y2 NI Ff Ade | aa
entrainment tovardsand intothe CVP and SWRE LJ2 NIi  F I OA tFMBK REZ YI2WNE £ R GRF INI
from altered hydrodynamicd\earfield or entrainment effects of proposed seasonal operations can be

assessed by examinipatterns of proportional population entrainment available from decade€WfT

studies(e.g., Zeug and Cavallo 2014). A foundation for assessHigltheffects has been provided by

work ofthe SST2017) The SS8ompleted a thorough review ohis subject and defined a driver

linkageoutcome frameworkF 2 NJ a LISOAFeé Ay 3 K2g g SN LINP2SOG 2 LISNI
juvenile salmonid behaviar t KS ¢t Ay 11 3Sé0 yR LRGOGSyGAlFtte& OF dzas
G2dz0 02YS¢ 0 ¢ KE ( SchabrivlcsH yY2AXAdZRER flowdR NS©OuW 3 BFR & SNBE G K¢
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two hydrodynamic mechanisnig which exports and river inflows could affect juvenile salmonids in the
Delta(SST 2017)

Hance et al. (2021) found that higher Sacramento River discharge is associated with faster travel times
and greater througkDelta survival of juvenile hatcheorigin CHNWRNotch et al. (2020) determined

that increases in flow throughout Mill Creek and the Sacramento River were associated with higher rates
of reachspecific survival fauvenilenaturalorigin CHNSHaster migration time®f juvenilenaturat

origin CHNSHh Mill Creek and the Sacramento Rivwesre alsoobserved in wetter years and were
correlated with higher survivaiates during those yeai®otch et al. 2020)ower Sacramento River

flow leads to greater potential for flow to enter Georgiana Slough and the DCC, which are routes that
lead to the interior Delta where survival of CHNWR and CHNSR is lower than in the mainstem
Sacramento River (Perry et al. 2018; etaet al. 2021). Salmon likely react to changes in water velocity
rather than river flow (SST 2017). Additionally, SST (2017) concluded that salmonid route selection is
generally proportional to the flow splét channel junctions, and the effect of exports on route selection

is strongest at the junction leading directly to the export facilit®galuating changes in channel velocity
and flow direction throughout the Delta can inform routing and throuidglta survival ofuvenile

Chinook Salmon.

5.1.2.1.Delta Hydrodynamic Assessment and Junction Routing Analysis

5.1.2.1.1.Velocity

To evaluate potential impacts of Project operations on routing and threidiglta survival of juvenile
Chinook Salmor)WRassessed changes in Delta hydrodynamics between DSM2 velocity outputs
stratified by month and water year type for Baseline Conditiamdthe two Proposed Project scenarios
(ITP_Spring and 9A_VZ#)Freeport on the Sacramento River and Walnut Grove (location of DCC
gates).See Section 5.4 Effectsof South Delta Export Operations on Rearing, Routing, and Survival of
Chinook Salmofor additional information on each modeling scenasM2 hydrodynami(DSM2
HYDRONodeling resultobtained fromDWR2 A L ¢t ! LIX AOF GA2Y 052w HAHOTO
coordination withDWRshow minimal changes in velocity in any month (Septenrdloee) or water year

type at Freeport or Walnut Grove for either Proposed Project scenario as compared to Baseline
Conditions (see Appendig Velocity Density Distribution for SacrametfRover at Freeport and Walnut
Grove. The only apparent changes between Baseline Conditions and the 9A V2A scenario were slight
decreases in velocity in September of above normal and wet water years at Freeport and very slight
decreases in velocity at Walnut Groveaioove normal water years. In contrast, there were minor
increases in velocity in September of above normal and wet water years at Freeport for the ITP_Spring
scenario and at Walnut Grove for above normal water years. September is not a peak migratitn mont
for juvenile CHNWR, and juvenile CHNSR are not present in the Delta during Sefsmal&zctions

4.1.6 and 4.2.6 Rearing and Outmigrating Juveniles in the-Bajta) Velocities at Freeport and

Walnut Grove were similar across all months evaluatetuging the main months of CHNWR and

CHNSR migration. Velocities appeared to be greater in wetter water year types compared to drier water
year types for both Proposed Project scenarios. Reverse flows were shown to occur at Walnut Grove
some portion of thdime during most months and water year typasder Baseline Conditions and
Proposed Project scenariosspecially the drier water year types. Reverse flows seemed to occur at
Freeport less frequently, but they were shown to occur a small portion of the tiuring most months

in critical water yearsinder Baseline Conditions and Proposed Project scenarios
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5.1.2.1.2 Junction Routing

Mean daily proportion of flow entering Delta junctions was compared between Baseline Conditions and
the two Proposed Project scenarii$P_Spring and 9A_ Vassing DSM2HYDRO output§ee Section

5.1¢ Effectsof South Delta Export Operations on Rearing, Routing, and Survival of Chinook f8almon
additional information on each modeling scenawa. stated above, proportionality of salmonid route
selection generally corresponds with the proportionality of flow splits at junctions. The mean daily
proportion of flow entering Delta junctions was generally similar between Baseline Conditions and
Proposed Project scenariobable2). However, in October of below normal and dry years, and

November of critical years, the proportion of flow entering the DCC was substantially greater under both
Proposed Project scenarios compared to Baseline Condifitrezinderlying causes of thacreases in
proportion of flow entering the DCC are unclear, &dRhas attributed them to a modeling artifact

not associated with the Proposed Project. Although the DSMPRO outputs showed minimal changes

in mean daily proportion of flow entering junctions between Baseline Conditions and Proposed Project
scenarios, its worth noting that SST (2017) caveated that DSM2 and other hydrodynamic models lack
accuracy in evaluating juvenile salmonid routing behavior, and direcitoring would be more
reliable.Routing aalyses using the STARS model and-EUO® could also be conducted to better
understand the proportion of Chinook Salmon entrained into different routdbe Delta
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Table2. Mean daily proportion of flow entering Delta junctions by month and water year type. Percent differences between Propgessd Pro
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Columbia Cut Sepember Wet 0.136 0.138 (1.6%) 0.139 (1.9%)
Columbia Cut Sepgember | Above Normal 0.130 0.131 (1.3%) 0.133 (2.5%)
Columbia Cut Sepgember | Below Normal 0.135 0.134 (0.3%) 0.135 (0.1%)
Columbia Cut Sepember Dry 0.124 0.124 (0.3%) 0.124 (0.4%)
Columbia Cut Sepember Critical 0.118 0.118 (0.0%) 0.118 (0.0%)
Columbia Cut October Wet 0.130 0.129 (0.1%) 0.129 (0.1%)
Columbia Cut October Above Normal 0.121 0.121 ¢(0.2%) 0.121 (0.0%)
Columbia Cut October Below Normal 0.128 0.128 (0.3%) 0.128(0.4%)
Columbia Cut October Dry 0.125 0.125 (0.0%) 0.125 (0.1%)
Columbia Cut October Critical 0.116 0.116 (0.1%) 0.116 (0.4%)
Columbia Cut Nowvember Wet 0.135 0.136 (0.1%) 0.136 (0.1%)
Columbia Cut Nowvember | Above Normal 0.128 0.127 (0.1%) 0.127(-0.1%)
Columbia Cut Nowvember | Below Normal 0.131 0.131 ¢0.1%) 0.131 ¢0.1%)
Columbia Cut Nowvember Dry 0.129 0.129 (0.1%) 0.129 (0.1%)
Columbia Cut November Critical 0.117 0.117 (0.5%) 0.117 (0.0%)
Columbia Cut De@mber Wet 0.134 0.134 (0.1%) 0.134 (0.1%)
Columbia Cut De@mber | Above Normal 0.126 0.126 (0.0%) 0.126 (0.0%)
Columbia Cut De@mber | Below Normal 0.126 0.126 (0.1%) 0.126 ¢0.1%)
Columbia Cut De@mber Dry 0.125 0.124 (0.4%) 0.124 (0.3%)
Columbia Cut De@mber Critical 0.119 0.119 (0.2%) 0.119 (0.1%)
Columbia Cut Jaruary Wet 0.133 0.132 (0.4%) 0.132 (0.4%)
Columbia Cut Jaruary Above Normal 0.129 0.129 (0.3%) 0.129 (0.3%)
Columbia Cut Jaruary Below Normal 0.123 0.123 (0.3%) 0.123 (0.3%)
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Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Columbia Cut Janary Dry 0.121 0.120 ¢0.4%) 0.120 ¢0.4%)
Columbia Cut Jaruary Critical 0.120 0.119 ¢1.0%) 0.119 (0.7%)
Columbia Cut February Wet 0.137 0.137 (0.1%) 0.137 (0.0%)
Columbia Cut Felruary Above Normal 0.133 0.133 (0.6%) 0.133 (0.1%)
Columbia Cut Felruary Below Normal 0.129 0.128 (0.5%) 0.128 (0.5%)
Columbia Cut Felruary Dry 0.122 0.121 ¢(0.8%) 0.121 ¢0.8%)
Columbia Cut Felruary Critical 0.121 0.121 ¢(0.4%) 0.121 ¢0.5%)
Columbia Cut March Wet 0.132 0.132 (0.1%) 0.132 (0.3%)
Columbia Cut March Above Normal 0.129 0.129 (0.3%) 0.129 (0.2%)
Columbia Cut March Below Normal 0.125 0.125 (0.0%) 0.125 (0.1%)
Columbia Cut March Dry 0.120 0.120 ¢0.2%) 0.120 ¢0.2%)
Columbia Cut March Critical 0.117 0.117 (0.0%) 0.117 (0.0%)
Columbia Cut April Wet 0.130 0.130 (0.2%) 0.130 (0.1%)
Columbia Cut April Above Normal 0.122 0.123 (0.6%) 0.122 (0.0%)
Columbia Cut April Below Normal 0.115 0.116 (0.5%) 0.115 (0.0%)
Columbia Cut April Dry 0.113 0.113 (0.1%) 0.113 (0.0%)
Columbia Cut April Critical 0.111 0.111 (0.3%) 0.111 (0.0%)
Columbia Cut May Wet 0.129 0.133 (2.6%) 0.130 (0.7%)
Columbia Cut May Above Normal 0.122 0.124 (2.1%) 0.123 (0.7%)
Columbia Cut May Below Normal 0.113 0.116 (1.8%) 0.114 (0.1%)
Columbia Cut May Dry 0.111 0.112(0.5%) 0.111 (0.0%)
Columbia Cut May Critical 0.108 0.109 (0.6%) 0.108 (0.0%)
Columbia Cut Jure Wet 0.133 0.132 (0.5%) 0.132 (0.5%)
Columbia Cut Jure Above Normal 0.128 0.127 ¢1.0%) 0.126 ¢1.0%)
Columbia Cut Jure Below Normal 0.126 0.124(-0.9%) 0.124 (0.9%)
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Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Columbia Cut Jure Dry 0.122 0.121 ¢1.2%) 0.121 ¢1.2%)
Columbia Cut Jure Critical 0.114 0.113 ¢€0.5%) 0.114 ¢0.2%)
Delta Cross Channel | Segember Wet 0.401 0.397 (0.9%) 0.397 (1.1%)
Delta Cross Channel | Segember | AboveNormal 0.419 0.410 ¢1.9%) 0.407 €2.7%)
Delta Cross Channel | Sepgember | Below Normal 0.444 0.444 (0.1%) 0.444 (0.0%)
Delta Cross Channel | Sepgember Dry 0.445 0.444 (0.1%) 0.444 (0.1%)
Delta Cross Channel | Sepgember Critical 0.412 0.412 (0.0%) 0.413(0.0%)
Delta Cross Channel October Wet 0.262 0.262 (0.0%) 0.262 (0.1%)
Delta Cross Channel October Above Normal 0.281 0.281 (0.1%) 0.281 (0.0%)
Delta Cross Channel October Below Normal 0.298 0.319 (7.2%) 0.320 (7.4%)
Delta Cross Channel October Dry 0.276 0.291 (5.6%) 0.293 (6.2%)
Delta Cross Channel October Critical 0.202 0.200 ¢(0.8%) 0.175 €13.6%)
Delta Cross Channel | Nowember Wet 0.195 0.194 (0.2%) 0.194 (0.2%)
Delta Cross Channel | Nowvember | Above Normal 0.125 0.127 (1.0%) 0.127(1.0%)
Delta Cross Channel | Nowember | Below Normal 0.230 0.230 (0.2%) 0.230 (0.0%)
Delta Cross Channel | Nowember Dry 0.244 0.245 (0.5%) 0.244 (0.2%)
Delta Cross Channel | Nowember Critical 0.134 0.157 (17.3%) 0.162 (20.8%)
Delta Cross Channel | De@mber Wet 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | De@mber | Above Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | Deember | Below Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | De@mber Dry 0.000 0.000 (0.0%) 0.000(0.0%)
Delta Cross Channel | De@mber Critical 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel Jaruary Wet 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel Jaruary Above Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel Jaruary BelowNormal 0.000 0.000 (0.0%) 0.000 (0.0%)

74




Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Delta Cross Channel Jaruary Dry 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel Jaruary Critical 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | Felruary Wet 0.000 0.000 (0.0%) 0.000 (0.0%)
DeltaCross Channel Felruary Above Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | Felruary Below Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | Felruary Dry 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel | Felruary Critical 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel March Wet 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel March Above Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel March Below Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cros€hannel March Dry 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel March Critical 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel April Wet 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel April Above Normal 0.000 0.000 (0.0%) 0.000(0.0%)
Delta Cross Channel April Below Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel April Dry 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel April Critical 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel May Wet 0.000 0.000(0.0%) 0.000 (0.0%)
Delta Cross Channel May Above Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel May Below Normal 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel May Dry 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel May Critical 0.000 0.000 (0.0%) 0.000 (0.0%)
Delta Cross Channel Jure Wet 0.202 0.202 (0.2%) 0.202 (0.3%)
Delta Cross Channel Jure Above Normal 0.268 0.268 (0.1%) 0.267 (0.2%)
Delta Cross Channel Jure Below Normal 0.369 0.368 (0.2%) 0.368(-0.2%)

75




Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Delta Cross Channel Jure Dry 0.380 0.377 (0.8%) 0.377 (0.7%)
Delta Cross Channel Jure Critical 0.353 0.350 ¢0.8%) 0.351 (0.5%)
Fishermans Cut Sepember Wet 0.014 0.014 (0.3%) 0.014 (0.5%)
Fishermans Cut Sepgember | Above Normal 0.014 0.013 (5.2%) 0.014 ¢1.0%)
Fishermans Cut Sepgember | Below Normal 0.014 0.014 (0.0%) 0.014 (0.2%)
Fishermans Cut Sepember Dry 0.014 0.013 ¢(0.5%) 0.013 €¢1.4%)
Fishermans Cut Sepember Critical 0.013 0.013 (0.4%) 0.013 (0.1%)
Fishermans Cut October Wet 0.014 0.014 (0.7%) 0.014 (0.0%)
Fishermans Cut October Above Normal 0.013 0.013 ¢(0.2%) 0.013 ¢0.5%)
Fishermans Cut October Below Normal 0.013 0.013 (2.0%) 0.013 (1.3%)
Fishermans Cut October Dry 0.013 0.013 ¢(0.4%) 0.013 ¢(0.4%)
Fishermans Cut October Critical 0.013 0.013 ¢(0.2%) 0.013 (0.1%)
Fishermans Cut Nowvember Wet 0.014 0.014 (0.0%) 0.014 (0.1%)
Fishermans Cut Nowvember | Above Normal 0.013 0.013 (0.1%) 0.013 (0.0%)
Fishermans Cut Nowvember | Below Normal 0.013 0.013(0.4%) 0.013 (0.3%)
Fishermans Cut Nowvember Dry 0.013 0.013 (0.4%) 0.013 €(0.4%)
Fishermans Cut Nowvember Critical 0.013 0.012 ¢(0.7%) 0.013 (0.1%)
Fishermans Cut De@mber Wet 0.016 0.017 (0.7%) 0.017 (1.6%)
Fishermans Cut De@mber | Above Normal 0.014 0.014 (0.5%) 0.014 (0.4%)
Fishermans Cut De@mber | Below Normal 0.014 0.013 €1.0%) 0.013 (0.9%)
Fishermans Cut De@mber Dry 0.014 0.014 (0.0%) 0.014 (0.5%)
Fishermans Cut De@mber Critical 0.013 0.013 (0.3%) 0.013 (0.1%)
Fishermans Cut Jaruary Wet 0.020 0.020 (0.6%) 0.020 (0.5%)
Fishermans Cut Jaruary Above Normal 0.016 0.016 (0.2%) 0.016 (0.1%)
Fishermans Cut Jaruary Below Normal 0.014 0.014 (0.2%) 0.014 (0.6%)
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Fishermans Cut Jaruary Dry 0.013 0.013 (1.1%) 0.013 (1.1%)
Fishermans Cut Jaruary Critical 0.013 0.014 (1.9%) 0.014 (1.5%)
Fishermans Cut February Wet 0.023 0.023 €1.1%) 0.023 ¢1.0%)
Fishermans Cut Felruary Above Normal 0.018 0.017 ¢1.1%) 0.017 €1.1%)
Fishermans Cut Felruary Below Normal 0.015 0.015(1.7%) 0.015 (1.3%)
Fishermans Cut Felruary Dry 0.014 0.014 ¢(0.1%) 0.014 ¢(0.3%)
Fishermans Cut Felruary Critical 0.014 0.014 (1.8%) 0.014 (2.1%)
Fishermans Cut March Wet 0.020 0.020 ¢(0.4%) 0.020 (0.1%)
Fishermans Cut March Above Normal 0.017 0.017 (0.0%) 0.017 ¢(0.6%)
Fishermans Cut March Below Normal 0.015 0.015 ¢(0.8%) 0.015 (0.1%)
Fishermans Cut March Dry 0.014 0.014 (2.8%) 0.014 (1.2%)
Fishermans Cut March Critical 0.013 0.013 (0.2%) 0.013 (0.3%)
Fishermans Cut April Wet 0.016 0.016 (0.6%) 0.016 (0.2%)
Fishermans Cut April Above Normal 0.015 0.015 (1.8%) 0.015 (1.9%)
Fishermans Cut April Below Normal 0.014 0.014 ¢(0.1%) 0.014 (0.6%)
Fishermans Cut April Dry 0.013 0.013 (0.3%) 0.013 (0.5%)
Fishermans Cut April Critical 0.013 0.013 (0.4%) 0.013 (0.1%)
Fishermans Cut May Wet 0.016 0.015 €2.8%) 0.015 €(1.7%)
Fishermans Cut May Above Normal 0.014 0.014 (2.6%) 0.014 (1.8%)
Fishermans Cut May Below Normal 0.013 0.013 €2.4%) 0.013 (0.5%)
Fishermans Cut May Dry 0.013 0.013 (1.7%) 0.013 (0.1%)
Fishermans Cut May Critical 0.013 0.013 (0.0%) 0.013 (0.3%)
Fishermans Cut Jure Wet 0.014 0.014 (0.2%) 0.014 (0.7%)
Fishermans Cut Jure Above Normal 0.014 0.014 (0.4%) 0.014 (0.2%)
Fishermans Cut Jure BelowNormal 0.013 0.013 (1.3%) 0.013 (0.8%)
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Fishermans Cut Jure Dry 0.013 0.013 (0.1%) 0.013 (0.5%)
Fishermans Cut Jure Critical 0.013 0.013 (0.3%) 0.013 (0.1%)
False River Sepember Wet 0.185 0.186 (0.5%) 0.186 (0.6%)
False River Sefgember | AboveNormal 0.182 0.183 (0.3%) 0.184 (0.7%)
False River Sepgember | Below Normal 0.186 0.186 (0.0%) 0.186 (0.0%)
False River Sepember Dry 0.184 0.183 (0.0%) 0.183 (0.0%)
False River Sepember Critical 0.183 0.183 (0.0%) 0.183 (0.0%)
False River October Wet 0.184 0.184 (0.0%) 0.184 (0.0%)
False River October Above Normal 0.182 0.182 (0.0%) 0.182 (0.0%)
False River October Below Normal 0.183 0.183 (0.0%) 0.183 (0.0%)
False River October Dry 0.183 0.183 (0.0%) 0.183 (0.0%)
False River October Critical 0.182 0.182 (0.0%) 0.182 (0.0%)
False River Nowvember Wet 0.185 0.185 (0.0%) 0.185 (0.0%)
False River Nowvember | Above Normal 0.184 0.184 (0.0%) 0.184 (0.0%)
False River Nowvember | Below Normal 0.185 0.185 (0.0%) 0.185 (0.0%)
False River Nowvember Dry 0.184 0.184 (0.0%) 0.184 (0.0%)
False River Nowvember Critical 0.183 0.183 (0.0%) 0.183 (0.1%)
False River De@mber Wet 0.184 0.184 (0.0%) 0.184 (0.0%)
False River De@mber | Above Normal 0.186 0.186 (0.0%) 0.186 (0.0%)
False River De@mber | Below Normal 0.185 0.186 (0.0%) 0.185 (0.0%)
False River De@mber Dry 0.186 0.186 (0.1%) 0.186 (0.1%)
False River De@mber Critical 0.184 0.184 (0.0%) 0.184 (0.0%)
False River Jaruary Wet 0.179 0.179 (0.1%) 0.179 (0.1%)
False River Jaruary Above Normal 0.183 0.183 (0.1%) 0.183 (0.1%)
False River Jaruary Below Normal 0.183 0.183 (0.1%) 0.183 (0.1%)
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False River Janary Dry 0.183 0.183 ¢0.1%) 0.183 ¢0.1%)
False River Jaruary Critical 0.183 0.183 (0.2%) 0.183 (0.2%)
FalseRiver February Wet 0.178 0.178 (0.0%) 0.178 (0.0%)
False River Felruary Above Normal 0.181 0.181 (0.2%) 0.181 (0.0%)
False River Felruary Below Normal 0.182 0.182 (0.1%) 0.182 (0.1%)
False River Felruary Dry 0.182 0.182 (0.2%) 0.182 (0.2%)
False River Felruary Critical 0.182 0.182 (0.1%) 0.182 (0.1%)
False River March Wet 0.176 0.176 (0.0%) 0.176 (0.1%)
False River March Above Normal 0.181 0.181 (0.0%) 0.181 (0.1%)
False River March Below Normal 0.181 0.181 (0.0%) 0.181 (0.0%)
False River March Dry 0.182 0.182 (0.0%) 0.182 (0.0%)
False River March Critical 0.181 0.180 (0.0%) 0.180 (0.0%)
False River April Wet 0.177 0.177 (0.1%) 0.177 (0.0%)
False River April Above Normal 0.178 0.179 (0.1%) 0.178 (0.0%)
False River April Below Normal 0.177 0.177 (0.1%) 0.177 (0.0%)
False River April Dry 0.180 0.180 (0.0%) 0.180 (0.0%)
False River April Critical 0.180 0.180 (0.1%) 0.180 (0.0%)
False River May Wet 0.179 0.180 (0.6%) 0.179 (0.2%)
False River May Above Normal 0.180 0.181 (0.5%) 0.181 (0.1%)
False River May Below Normal 0.180 0.180 (0.3%) 0.180 (0.0%)
False River May Dry 0.180 0.181 (0.1%) 0.180 (0.0%)
False River May Critical 0.181 0.181 (0.1%) 0.181 (0.0%)
False River Jure Wet 0.181 0.181 (0.1%) 0.181(-0.1%)
False River Jure Above Normal 0.183 0.183 (0.2%) 0.183 (0.2%)
False River Jure Below Normal 0.183 0.183 (0.2%) 0.183 (0.2%)
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False River Jure Dry 0.184 0.183 €0.2%) 0.183 ¢0.2%)

False River Jure Critical 0.182 0.182 (0.0%) 0.182(0.0%)
Georgiana Slough Sepgember Wet 0.447 0.444 (0.8%) 0.443 (0.9%)
Georgiana Slough Sepgember | Above Normal 0.453 0.443 (2.1%) 0.440 ¢2.8%)
Georgiana Slough Sepgember | Below Normal 0.449 0.448 (0.2%) 0.451 (0.5%)
Georgiana Slough Sepember Dry 0.391 0.392 (0.2%) 0.391 (0.1%)
Georgiana Slough Sepember Critical 0.333 0.332 (0.0%) 0.333 (0.0%)
Georgiana Slough October Wet 0.392 0.394 (0.5%) 0.393 (0.3%)
Georgiana Slough October Above Normal 0.389 0.386 (0.7%) 0.387 (0.4%)
Georgianalough October Below Normal 0.399 0.398 (0.4%) 0.400 (0.1%)
Georgiana Slough October Dry 0.404 0.399 (1.2%) 0.401 ¢(0.8%)
Georgiana Slough October Critical 0.372 0.374 (0.4%) 0.376 (1.0%)
Georgiana Slough Nowvember Wet 0.390 0.390 (0.0%) 0.390(0.0%)
Georgiana Slough Nowvember | Above Normal 0.393 0.392 (0.1%) 0.393 (0.0%)
Georgiana Slough Nowvember | Below Normal 0.406 0.405 (0.3%) 0.405 (0.4%)
Georgiana Slough Nowvember Dry 0.413 0.413 (0.1%) 0.413 (0.1%)
Georgiana Slough Nowvember Critical 0.386 0.383 (0.8%) 0.378 (1.9%)
Georgiana Slough De@mber Wet 0.317 0.318 (0.1%) 0.317 (0.1%)
Georgiana Slough De@mber | Above Normal 0.385 0.386 (0.1%) 0.385 (0.0%)
Georgiana Slough De@mber | Below Normal 0.399 0.397 (0.5%) 0.398(-0.3%)
Georgiana Slough De@mber Dry 0.405 0.406 (0.5%) 0.406 (0.4%)
Georgiana Slough De@mber Critical 0.423 0.423 (0.0%) 0.423 (0.0%)
Georgiana Slough Jaruary Wet 0.298 0.298 (0.1%) 0.298 (0.1%)
Georgiana Slough Jaruary Above Normal 0.308 0.308 (0.0%) 0.308 (0.0%)
Georgiana Slough Jaruary Below Normal 0.355 0.354 (0.1%) 0.354 (0.1%)
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Georgiana Slough Jaruary Dry 0.401 0.402 (0.3%) 0.402 (0.3%)
Georgiana Slough Jaruary Critical 0.397 0.398 (0.1%) 0.396 (0.3%)
Georgiana Slough Felruary Wet 0.286 0.286 (0.0%) 0.286 (0.0%)
Georgiana Slough Felruary Above Normal 0.294 0.294 (0.0%) 0.294 (0.0%)
Georgiana Slough Felruary Below Normal 0.336 0.338 (0.5%) 0.338 (0.4%)
Georgiana Slough Felruary Dry 0.356 0.353 (0.9%) 0.353(-0.9%)
Georgiana Slough Felruary Critical 0.392 0.391 (0.4%) 0.391 (0.3%)
Georgiana Slough March Wet 0.289 0.289 (0.0%) 0.289 (0.0%)
Georgiana Slough March Above Normal 0.293 0.292 (0.5%) 0.293 (0.0%)
Georgiana Slough March Below Normal 0.320 0.316 (1.2%) 0.321 (0.1%)
Georgiana Slough March Dry 0.362 0.355 (2.1%) 0.363 (0.0%)
Georgiana Slough March Critical 0.420 0.416 (0.8%) 0.420 (0.0%)
Georgiana Slough April Wet 0.305 0.305 (0.1%) 0.305 (0.0%)
Georgiana Slough April Above Normal 0.314 0.314 (0.1%) 0.314 (0.0%)
Georgiana Slough April Below Normal 0.373 0.373 (0.0%) 0.373 (0.0%)
Georgiana Slough April Dry 0.422 0.422 (0.0%) 0.422 (0.0%)
Georgiana Slough April Critical 0.447 0.447 (0.0%) 0.447 (0.0%)
Georgiana Slough May Wet 0.308 0.309 (0.3%) 0.309 (0.1%)
Georgiana Slough May Above Normal 0.342 0.343 (0.3%) 0.343 (0.0%)
Georgiana Slough May Below Normal 0.389 0.393 (1.1%) 0.392 (0.8%)
Georgiana Slough May Dry 0.435 0.435 (0.1%) 0.435 (0.0%)
Georgiana Slough May Critical 0.423 0.424 (0.2%) 0.424 (0.1%)
Georgiana Slough Jure Wet 0.361 0.361 (0.0%) 0.360 (0.3%)
Georgiana Slough Jure Above Normal 0.390 0.389 (0.0%) 0.388 (0.4%)
Georgiana Slough Jure Below Normal 0.415 0.414 (0.2%) 0.413 (0.5%)
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Georgiana Slough Jure Dry 0.418 0.413 (1.4%) 0.412 (1.6%)
Georgiana Slough Jure Critical 0.358 0.354 (1.3%) 0.356 (0.6%)
Head of Old River Sepember Wet 0.562 0.568 (1.0%) 0.569 (1.3%)
Head of Old River Sepgember | Above Normal 0.553 0.559(1.1%) 0.566 (2.5%)
Head of Old River Sepgember | Below Normal 0.558 0.556 (0.3%) 0.558 (0.0%)
Head of Old River Sepember Dry 0.490 0.487 (0.6%) 0.486 (0.8%)
Head of Old River Sepember Critical 0.393 0.391 (0.5%) 0.391 (0.5%)
Head of OlRiver October Wet 0.546 0.546 (0.1%) 0.546 (0.1%)
Head of Old River October Above Normal 0.529 0.528 (0.2%) 0.529 (0.1%)
Head of Old River October Below Normal 0.534 0.535 (0.2%) 0.535 (0.3%)
Head of Old River October Dry 0.532 0.531 (0.1%) 0.532 (0.0%)
Head of Old River October Critical 0.502 0.504 (0.3%) 0.501 ¢0.1%)
Head of Old River Nowvember Wet 0.568 0.569 (0.1%) 0.569 (0.1%)
Head of Old River Nowvember | Above Normal 0.551 0.550 ¢(0.2%) 0.550 €(0.1%)
Head of Old River Nowvember | Below Normal 0.552 0.551 (0.1%) 0.552 (0.1%)
Head of Old River Nowvember Dry 0.545 0.545 (0.0%) 0.545 (0.0%)
Head of Old River Nowvember Critical 0.492 0.495 (0.7%) 0.493 (0.3%)
Head of Old River De@mber Wet 0.650 0.649 (0.1%) 0.649 (0.1%)
Head ofOld River De@mber | Above Normal 0.680 0.679 (0.1%) 0.679 (0.1%)
Head of Old River De@mber | Below Normal 0.680 0.681 (0.0%) 0.680 ¢0.1%)
Head of Old River De@mber Dry 0.683 0.680 (0.4%) 0.680 ¢0.4%)
Head of Old River De@mber Critical 0.624 0.626 (0.4%) 0.625 (0.2%)
Head of Old River Jaruary Wet 0.608 0.607 ¢0.1%) 0.607 ¢0.1%)
Head of Old River Jaruary Above Normal 0.640 0.639 (0.2%) 0.639 (0.2%)
Head of Old River Jaruary Below Normal 0.660 0.658 (0.3%) 0.658 (0.3%)
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Head of OldRiver Jaruary Dry 0.669 0.667 (0.2%) 0.667 (0.3%)
Head of Old River Jaruary Critical 0.660 0.653 (1.1%) 0.654 (0.9%)
Head of Old River Felruary Wet 0.577 0.577 (0.0%) 0.577 (0.0%)
Head of Old River Felruary Above Normal 0.615 0.615 (0.1%) 0.615 (0.1%)
Head of Old River Felruary Below Normal 0.626 0.624 (0.3%) 0.624 (0.3%)
Head of Old River Felruary Dry 0.666 0.662 (0.7%) 0.661 (0.7%)
Head of Old River Felruary Critical 0.663 0.660 (0.4%) 0.659 (0.5%)
Head of Old River March Wet 0.566 0.566 (0.1%) 0.566 (0.1%)
Head of Old River March Above Normal 0.593 0.594 (0.1%) 0.594 (0.1%)
Head of Old River March Below Normal 0.621 0.620 (0.0%) 0.620 (0.1%)
Head of Old River March Dry 0.664 0.663 (0.2%) 0.663 (0.2%)
Head of OlRiver March Critical 0.647 0.647 (0.0%) 0.647 (0.0%)
Head of Old River April Wet 0.553 0.554 (0.0%) 0.553 (0.0%)
Head of Old River April Above Normal 0.562 0.562 (0.0%) 0.562 (0.0%)
Head of Old River April Below Normal 0.574 0.574 (0.0%) 0.574(0.0%)
Head of Old River April Dry 0.614 0.614 (0.0%) 0.614 (0.0%)
Head of Old River April Critical 0.619 0.621 (0.3%) 0.619 (0.0%)
Head of Old River May Wet 0.561 0.566 (0.9%) 0.562 (0.2%)
Head of Old River May Above Normal 0.575 0.581 (1.1%) 0.576 (0.2%)
Head of Old River May Below Normal 0.587 0.592 (0.8%) 0.587 (0.0%)
Head of Old River May Dry 0.619 0.622 (0.5%) 0.619 (0.0%)
Head of Old River May Critical 0.600 0.605 (0.8%) 0.601 (0.1%)
Head of Old River Jure Wet 0.534 0.533(-0.2%) 0.532 (0.2%)
Head of Old River Jure Above Normal 0.528 0.525 (0.5%) 0.525 (0.5%)
Head of Old River Jure Below Normal 0.524 0.521 (0.7%) 0.520 ¢0.8%)

83




Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Head of Old River Jure Dry 0.501 0.494 (1.3%) 0.494 (1.4%)
Head of Old River Jure Critical 0.430 0.427 €0.7%) 0.428 ¢0.5%)
Jersey Point Sepember Wet 0.071 0.071 ¢0.1%) 0.071 ¢0.1%)
Jersey Point Sepgember | Above Normal 0.071 0.072 (0.2%) 0.072 (0.1%)
Jersey Point Sepgember | Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
JerseyPoint Sepember Dry 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Sepember Critical 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point October Wet 0.070 0.070 (0.0%) 0.070 (0.0%)
Jersey Point October Above Normal 0.070 0.070 (0.0%) 0.070 (0.0%)
JerseyPoint October Below Normal 0.070 0.070 (0.0%) 0.070 (0.0%)
Jersey Point October Dry 0.070 0.070 (0.0%) 0.070 (0.0%)
Jersey Point October Critical 0.070 0.070 (0.0%) 0.070 (0.0%)
Jersey Point Nowvember Wet 0.071 0.071 (0.0%) 0.071 (0.0%)
JerseyPoint Nowvember | Above Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Nowvember | Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Nowvember Dry 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Nowvember Critical 0.070 0.070 (0.0%) 0.070 (0.0%)
Jersey Point De@mber Wet 0.072 0.072 (0.0%) 0.072 (0.0%)
Jersey Point De@mber | Above Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point De@mber | Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point De@mber Dry 0.071 0.071 (0.0%) 0.071(0.0%)
Jersey Point De@mber Critical 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Jaruary Wet 0.072 0.072 (0.0%) 0.072 (0.0%)
Jersey Point Jaruary Above Normal 0.072 0.072 (0.0%) 0.072 (0.0%)
Jersey Point Jaruary Below Normal 0.072 0.072 (0.0%) 0.072 (0.0%)
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Jersey Point Jamary Dry 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Jaruary Critical 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Felruary Wet 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Felruary Above Normal 0.072 0.072 (0.0%) 0.072 (0.0%)
Jersey Point Felruary Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Felruary Dry 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Felruary Critical 0.071 0.071 ¢(0.1%) 0.071 ¢(0.1%)
Jersey Point March Wet 0.072 0.072 (0.0%) 0.072 (0.0%)
Jersey Point March Above Normal 0.072 0.072 (0.0%) 0.072 (0.0%)
Jersey Point March Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point March Dry 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point March Critical 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point April Wet 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point April Above Normal 0.071 0.071 (0.2%) 0.071 (0.0%)
Jersey Point April Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point April Dry 0.070 0.070 (0.0%) 0.070(0.0%)
Jersey Point April Critical 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point May Wet 0.072 0.072 (0.1%) 0.072 (0.0%)
Jersey Point May Above Normal 0.071 0.071 (0.3%) 0.071 (0.0%)
Jersey Point May Below Normal 0.071 0.071 (0.1%) 0.071 (0.0%)
Jersey Point May Dry 0.071 0.071 (0.1%) 0.071 (0.0%)
Jersey Point May Critical 0.071 0.071 (0.1%) 0.071 (0.0%)
Jersey Point Jure Wet 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Jure Above Normal 0.071 0.071 (0.0%) 0.071 (0.0%)
Jersey Point Jure Below Normal 0.071 0.071 (0.0%) 0.071 (0.0%)

85




Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions

Jersey Point Jure Dry 0.071 0.071 (0.0%) 0.071 (0.0%)

Jersey Point Jure Critical 0.071 0.071 (0.0%) 0.071 (0.0%)
Mouth of Middle River | Sepgember Wet 0.203 0.208 (2.5%) 0.209 (2.9%)
Mouth of Middle River | Segember | Above Normal 0.198 0.202 (1.9%) 0.204 (3.2%)
Mouth of Middle River | Sepgember | Below Normal 0.205 0.204 (0.5%) 0.206 (0.0%)
Mouth of Middle River | Sepgember Dry 0.188 0.188 (0.2%) 0.188 (0.2%)
Mouth of Middle River | Sepgember Critical 0.177 0.177 (0.0%) 0.177 (0.0%)
Mouth of Middle River October Wet 0.194 0.193 (0.2%) 0.194 (0.2%)
Mouth of Middle River October Above Normal 0.184 0.184 (0.3%) 0.184 (0.0%)
Mouth of Middle River October Below Normal 0.190 0.190 (0.4%) 0.191(0.5%)
Mouth of Middle River October Dry 0.187 0.187 (0.2%) 0.187 (0.0%)
Mouth of Middle River October Critical 0.177 0.178 (0.3%) 0.177 (0.2%)
Mouth of Middle River | Nowember Wet 0.203 0.204 (0.2%) 0.204 (0.2%)
Mouth of Middle River | Nowvember | Above Normal 0.194 0.193 (0.1%) 0.194 (0.0%)
Mouth of Middle River | November | Below Normal 0.198 0.198 (0.1%) 0.198 (0.1%)
Mouth of Middle River | Nowember Dry 0.195 0.195 (0.1%) 0.195 (0.1%)
Mouth of Middle River | Nowember Critical 0.176 0.177(0.5%) 0.177 (0.2%)
Mouth of Middle River | Dee@mber Wet 0.194 0.194 (0.1%) 0.194 (0.1%)
Mouth of Middle River | De@mber | Above Normal 0.188 0.188 (0.1%) 0.188 (0.0%)
Mouth of Middle River | De@mber | Below Normal 0.189 0.189 (0.1%) 0.188 (0.1%)
Mouth of Middle River | De@mber Dry 0.187 0.187 (0.4%) 0.187 ¢0.4%)
Mouth of Middle River | De@mber Critical 0.176 0.177 (0.3%) 0.176 (0.1%)
Mouth of Middle River Jaruary Wet 0.190 0.189 (0.2%) 0.189 (0.2%)
Mouth of Middle River Jaruary AboveNormal 0.186 0.186 (0.2%) 0.186 (0.2%)
Mouth of Middle River Jaruary Below Normal 0.181 0.180 (0.4%) 0.180 (0.4%)
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Mouth of Middle River Jaruary Dry 0.179 0.179 (0.4%) 0.178 (0.4%)
Mouth of Middle River Jaruary Critical 0.177 0.174 ¢1.3%) 0.175 ¢1.0%)
Mouth of Middle River | February Wet 0.192 0.192 (0.0%) 0.192 (0.0%)
Mouth of Middle River | Felyuary Above Normal 0.187 0.185 (0.7%) 0.186 ¢0.3%)
Mouth of Middle River | Felruary Below Normal 0.185 0.184 (0.4%) 0.184 (0.4%)
Mouth of Middle River Felruary Dry 0.180 0.178 (0.9%) 0.178 (0.9%)
Mouth of Middle River | Felruary Critical 0.178 0.177 (0.2%) 0.177 (0.3%)
Mouth of Middle River March Wet 0.186 0.186 (0.2%) 0.186 (0.3%)
Mouth of Middle River March Above Normal 0.184 0.185 (0.2%) 0.184 (0.2%)
Mouth of Middle River March Below Normal 0.182 0.182 (0.0%) 0.182 (0.0%)
Mouth of Middle River March Dry 0.177 0.176 (0.1%) 0.176 (0.2%)
Mouth of Middle River March Critical 0.173 0.173 (0.1%) 0.173 (0.1%)
Mouth of Middle River April Wet 0.183 0.184 (0.4%) 0.183 (0.1%)
Mouth of Middle River April Above Normal 0.176 0.177 (0.5%) 0.176 (0.0%)
Mouth of Middle River April Below Normal 0.168 0.169 (0.4%) 0.168 (0.0%)
Mouth of Middle River April Dry 0.166 0.166(0.1%) 0.166 (0.0%)
Mouth of Middle River April Critical 0.167 0.167 (0.1%) 0.167 (0.0%)
Mouth of Middle River May Wet 0.185 0.190 (2.5%) 0.186 (0.7%)
Mouth of Middle River May Above Normal 0.178 0.180 (1.5%) 0.179 (0.5%)
Mouth of Middle River May Below Normal 0.167 0.169 (1.3%) 0.168 (0.2%)
Mouth of Middle River May Dry 0.165 0.165 (0.1%) 0.165 (0.0%)
Mouth of Middle River May Critical 0.165 0.165 (0.2%) 0.165 (0.0%)
Mouth of Middle River Jure Wet 0.193 0.192 (0.6%) 0.192 (0.7%)
Mouth of Middle River Jure Above Normal 0.190 0.188 (1.1%) 0.188 (1.2%)
Mouth of Middle River Jure Below Normal 0.187 0.186 (0.8%) 0.186 (0.8%)
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Mouth of Middle River Jure Dry 0.184 0.182 (1.4%) 0.182 (1.3%)
Mouth of Middle River Jure Critical 0.174 0.173 ¢€0.5%) 0.174 ¢€0.2%)
Mouth of Old River Sepember Wet 0.184 0.191 (3.8%) 0.192 (4.4%)
Mouth of Old River Sepgember | Above Normal 0.174 0.181 (3.7%) 0.185 (6.2%)
Mouth of Old River Sepgember | Below Normal 0.180 0.179 (0.3%) 0.181 (0.5%)
Mouth of Old River Sepember Dry 0.155 0.155 (0.2%) 0.155 (0.2%)
Mouth of Old River Sepember Critical 0.143 0.143 (0.0%) 0.143 (0.0%)
Mouth of Old River October Wet 0.162 0.162 (0.0%) 0.162 (0.1%)
Mouth of Old River October Above Normal 0.149 0.148(-0.3%) 0.148 (0.0%)
Mouth of Old River October Below Normal 0.158 0.159 (0.6%) 0.159 (0.8%)
Mouth of Old River October Dry 0.154 0.154 (0.0%) 0.155 (0.3%)
Mouth of Old River October Critical 0.139 0.140 (0.1%) 0.139 (0.6%)
Mouth of Old River Nowvember Wet 0.177 0.177 (0.2%) 0.177 (0.2%)
Mouth of Old River Nowvember | Above Normal 0.159 0.158 (0.2%) 0.159 (0.1%)
Mouth of Old River Nowvember | Below Normal 0.167 0.167 (0.1%) 0.166 (0.2%)
Mouth of Old River Nowvember Dry 0.161 0.161 (0.2%) 0.161(0.2%)
Mouth of Old River Nowvember Critical 0.138 0.139 (0.9%) 0.138 (0.3%)
Mouth of Old River De@mber Wet 0.188 0.188 (0.1%) 0.188 (0.1%)
Mouth of Old River De@mber | Above Normal 0.156 0.156 (0.0%) 0.156 (0.0%)
Mouth of Old River De@mber | Below Normal 0.154 0.155 (0.2%) 0.154 (0.1%)
Mouth of Old River De@mber Dry 0.152 0.151 ¢0.6%) 0.151 ¢0.6%)
Mouth of Old River De@mber Critical 0.141 0.142 (0.3%) 0.141 (0.1%)
Mouth of Old River Jaruary Wet 0.208 0.207 ¢0.4%) 0.207 ¢0.4%)
Mouth of Old River Jaruary Above Normal 0.179 0.178 (0.4%) 0.178 (0.4%)
Mouth of Old River Jaruary Below Normal 0.151 0.150 (0.4%) 0.150 €(0.4%)
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Mouth of Old River Janary Dry 0.144 0.143 ¢€0.6%) 0.143 ¢€0.6%)
Mouth of Old River Jaruary Critical 0.142 0.140 ¢1.3%) 0.140 ¢1.0%)
Mouth of Old River February Wet 0.229 0.229 (0.1%) 0.229 (0.0%)
Mouth of Old River Felruary Above Normal 0.188 0.186 ¢0.8%) 0.187 ¢0.2%)
Mouth of Old River Felruary Below Normal 0.166 0.165 (0.8%) 0.165(-0.8%)
Mouth of Old River Felruary Dry 0.151 0.149 (1.0%) 0.149 ¢1.0%)
Mouth of Old River Felruary Critical 0.146 0.145 (0.4%) 0.145 (0.6%)
Mouth of Old River March Wet 0.202 0.203 (0.3%) 0.203 (0.4%)
Mouth of Old River March Above Normal 0.179 0.180 (0.6%) 0.179 (0.3%)
Mouth of Old River March Below Normal 0.158 0.158 (0.2%) 0.157 (0.2%)
Mouth of Old River March Dry 0.147 0.147 (0.0%) 0.146 (0.3%)
Mouth of Old River March Critical 0.139 0.139 (0.0%) 0.139 (0.1%)
Mouth of OldRiver April Wet 0.182 0.182 (0.1%) 0.182 (0.1%)
Mouth of Old River April Above Normal 0.151 0.152 (0.7%) 0.151 (0.1%)
Mouth of Old River April Below Normal 0.138 0.138 (0.5%) 0.138 (0.0%)
Mouth of Old River April Dry 0.132 0.132 (0.0%) 0.132(0.0%)
Mouth of Old River April Critical 0.129 0.129 (0.2%) 0.129 (0.0%)
Mouth of Old River May Wet 0.173 0.178 (3.0%) 0.174 (0.9%)
Mouth of Old River May Above Normal 0.149 0.153 (2.1%) 0.151 (0.8%)
Mouth of Old River May Below Normal 0.136 0.138(1.5%) 0.136 (0.1%)
Mouth of Old River May Dry 0.129 0.130 (0.4%) 0.129 (0.0%)
Mouth of Old River May Critical 0.125 0.126 (0.5%) 0.125 (0.0%)
Mouth of Old River Jure Wet 0.174 0.173 (0.5%) 0.173 (0.6%)
Mouth of Old River Jure Above Normal 0.160 0.159 ¢1.2%) 0.158 ¢1.3%)
Mouth of Old River Jure Below Normal 0.157 0.155 ¢1.0%) 0.155 ¢1.1%)
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Mouth of Old River Jure Dry 0.152 0.149 €1.7%) 0.149 (1.8%)
Mouth of Old River Jure Critical 0.139 0.138 ¢0.6%) 0.139 ¢0.3%)
Sutter Slough Sepember Wet 0.195 0.195 (0.2%) 0.195 (0.2%)
Sutter Slough Sepgember | Above Normal 0.194 0.194 (0.4%) 0.195 (0.5%)
Sutter Slough Sepgember | Below Normal 0.181 0.181 (0.2%) 0.182 (0.7%)
Sutter Slough Sepember Dry 0.154 0.154 (0.4%) 0.154 (0.2%)
Sutter Slough Sepember Critical 0.145 0.145 (0.2%) 0.145 (0.1%)
Sutter Slough October Wet 0.185 0.185 (0.3%) 0.185 (0.1%)
Sutter Slough October Above Normal 0.171 0.170 ¢0.5%) 0.171 ¢(0.2%)
Sutter Slough October Below Normal 0.177 0.176(-0.6%) 0.176 (0.3%)
Sutter Slough October Dry 0.176 0.174 (1.4%) 0.174 (1.2%)
Sutter Slough October Critical 0.160 0.160 (0.3%) 0.161 (1.0%)
Sutter Slough Nowvember Wet 0.197 0.197 (0.0%) 0.197 (0.0%)
Sutter Slough Nowvember | Above Normal 0.188 0.188 (0.1%) 0.188 (0.1%)
Sutter Slough Nowvember | Below Normal 0.189 0.188 (0.4%) 0.188 (0.4%)
Sutter Slough Nowvember Dry 0.185 0.185 (0.0%) 0.185 (0.1%)
Sutter Slough Nowvember Critical 0.174 0.173 (0.8%) 0.172 (1.2%)
Sutter Slough De@mber Wet 0.219 0.219 (0.0%) 0.219 (0.0%)
Sutter Slough De@mber | Above Normal 0.219 0.219 (0.1%) 0.219 (0.1%)
Sutter Slough De@mber | Below Normal 0.215 0.215 (0.0%) 0.215 (0.1%)
Sutter Slough De@mber Dry 0.216 0.216 (0.1%) 0.216 ¢0.1%)
Sutter Slough De@mber Critical 0.213 0.213 (0.3%) 0.213 (0.3%)
Sutter Slough Jaruary Wet 0.220 0.220 (0.0%) 0.220 (0.0%)
Sutter Slough Jaruary Above Normal 0.218 0.218 (0.0%) 0.218 (0.0%)
Sutter Slough Jaruary Below Normal 0.218 0.218 (0.0%) 0.218 (0.0%)

90




Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
SutterSlough Janary Dry 0.222 0.222 (0.1%) 0.222 (0.1%)
Sutter Slough Jaruary Critical 0.210 0.211 (0.4%) 0.210 (0.0%)
Sutter Slough February Wet 0.221 0.221 (0.0%) 0.221 (0.0%)
Sutter Slough Felruary Above Normal 0.218 0.218 (0.0%) 0.218 (0.0%)
Sutter Slough Felruary Below Normal 0.218 0.218 (0.1%) 0.218 (0.1%)
Sutter Slough Felruary Dry 0.218 0.217 (0.2%) 0.217 (0.2%)
Sutter Slough Felruary Critical 0.216 0.218 (0.5%) 0.218 (0.5%)
Sutter Slough March Wet 0.220 0.220 (0.0%) 0.220(0.0%)
Sutter Slough March Above Normal 0.219 0.219 (0.0%) 0.219 (0.0%)
Sutter Slough March Below Normal 0.217 0.217 (0.1%) 0.217 (0.0%)
Sutter Slough March Dry 0.219 0.219 (0.2%) 0.219 (0.0%)
Sutter Slough March Critical 0.221 0.220 (0.4%) 0.220 (0.2%)
Sutter Slough April Wet 0.220 0.220 (0.0%) 0.220 (0.0%)
Sutter Slough April Above Normal 0.217 0.217 (0.0%) 0.217 (0.0%)
Sutter Slough April Below Normal 0.222 0.222 (0.0%) 0.222 (0.0%)
Sutter Slough April Dry 0.225 0.225 (0.1%) 0.225 (0.0%)
Sutter Slough April Critical 0.222 0.221 (0.3%) 0.222 (0.0%)
Sutter Slough May Wet 0.220 0.220 (0.0%) 0.220 (0.0%)
Sutter Slough May Above Normal 0.219 0.219 (0.1%) 0.219 (0.0%)
Sutter Slough May Below Normal 0.224 0.224 (0.2%) 0.224 (0.2%)
Sutter Slough May Dry 0.228 0.228 (0.1%) 0.228 (0.1%)
Sutter Slough May Critical 0.203 0.203 (0.2%) 0.203 (0.2%)
Sutter Slough Jure Wet 0.203 0.203 (0.1%) 0.203 (0.1%)
Sutter Slough Jure Above Normal 0.194 0.194 (0.2%) 0.194(-0.3%)
Sutter Slough Jure Below Normal 0.180 0.181 (0.0%) 0.180 ¢0.3%)
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Sutter Slough Jure Dry 0.178 0.176 €1.2%) 0.176 €1.4%)
Sutter Slough Jure Critical 0.162 0.161 ¢€0.5%) 0.162 (0.1%)
Steamboat Slough Sepember Wet 0.190 0.194 (2.1%) 0.194(2.5%)
Steamboat Slough Sepgember | Above Normal 0.185 0.192 (3.6%) 0.195 (5.4%)
Steamboat Slough Sepgember | Below Normal 0.166 0.167 (0.2%) 0.167 (0.5%)
Steamboat Slough Sepember Dry 0.164 0.164 (0.0%) 0.164 (0.2%)
Steamboat Slough Sepember Critical 0.184 0.183 (0.1%) 0.183 (0.1%)
Steamboat Slough October Wet 0.190 0.189 (0.3%) 0.189 (0.2%)
Steamboat Slough October Above Normal 0.180 0.180 (0.2%) 0.180 (0.1%)
Steamboat Slough October Below Normal 0.181 0.180 ¢(0.5%) 0.179(-0.9%)
Steamboat Slough October Dry 0.179 0.179 (0.1%) 0.179 (0.3%)
Steamboat Slough October Critical 0.183 0.183 (0.1%) 0.184 (0.5%)
Steamboat Slough Nowvember Wet 0.199 0.199 (0.1%) 0.199 (0.1%)
Steamboat Slough Nowvember | Above Normal 0.194 0.194 (0.1%) 0.194 (0.1%)
Steamboat Slough Nowvember | Below Normal 0.186 0.186 (0.0%) 0.186 (0.0%)
Steamboat Slough Nowvember Dry 0.179 0.179 (0.0%) 0.179 (0.0%)
Steamboat Slough Nowvember Critical 0.184 0.183 (0.4%) 0.184 (0.1%)
Steamboat Slough De@mber Wet 0.250 0.250 (0.1%) 0.250 (0.1%)
Steamboat Slough De@mber | Above Normal 0.218 0.218 (0.1%) 0.218 (0.0%)
Steamboat Slough De@mber | Below Normal 0.209 0.210 (0.4%) 0.210 (0.2%)
Steamboat Slough De@mber Dry 0.209 0.208 (0.5%) 0.208(-0.4%)
Steamboat Slough De@mber Critical 0.196 0.197 (0.2%) 0.196 (0.1%)
Steamboat Slough Jaruary Wet 0.262 0.262 (0.0%) 0.263 (0.0%)
Steamboat Slough Jaruary Above Normal 0.255 0.255 (0.0%) 0.255 (0.0%)
Steamboat Slough Jaruary Below Normal 0.228 0.228 (0.1%) 0.228 (0.0%)
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Steamboat Slough Jaruary Dry 0.210 0.209 (0.4%) 0.209 (0.4%)
Steamboat Slough Jaruary Critical 0.205 0.205 (0.1%) 0.205 (0.2%)
Steamboat Slough Felruary Wet 0.272 0.272 (0.0%) 0.272 (0.0%)
Steamboat Slough Felruary Above Normal 0.261 0.261 (0.0%) 0.261 (0.0%)
Steamboat Slough Felruary Below Normal 0.239 0.239 (0.3%) 0.239 (0.3%)
Steamboat Slough Felruary Dry 0.228 0.229 (0.6%) 0.229 (0.6%)
Steamboat Slough Felruary Critical 0.213 0.215 (0.6%) 0.215(0.5%)
Steamboat Slough March Wet 0.266 0.266 (0.0%) 0.266 (0.0%)
Steamboat Slough March Above Normal 0.260 0.260 (0.2%) 0.260 (0.1%)
Steamboat Slough March Below Normal 0.240 0.242 (0.6%) 0.240 (0.0%)
Steamboat Slough March Dry 0.225 0.227(1.1%) 0.225 (0.0%)
Steamboat Slough March Critical 0.201 0.202 (0.6%) 0.201 ¢(0.1%)
Steamboat Slough April Wet 0.254 0.254 (0.0%) 0.254 (0.0%)
Steamboat Slough April Above Normal 0.241 0.241 (0.0%) 0.241 (0.0%)
Steamboat Slough April BelowNormal 0.217 0.217 (0.0%) 0.217 (0.0%)
Steamboat Slough April Dry 0.199 0.198 (0.2%) 0.198 (0.0%)
Steamboat Slough April Critical 0.186 0.186 (0.1%) 0.186 (0.1%)
Steamboat Slough May Wet 0.248 0.248 (0.1%) 0.248 (0.0%)
Steamboat Slough May Above Normal 0.233 0.233 (0.0%) 0.233 (0.0%)
Steamboat Slough May Below Normal 0.214 0.212 (0.8%) 0.212 (0.7%)
Steamboat Slough May Dry 0.194 0.194 (0.1%) 0.194 (0.1%)
Steamboat Slough May Critical 0.187 0.186 (0.1%) 0.187 (0.0%)
SteamboatSlough Jure Wet 0.216 0.216 (0.1%) 0.216 (0.1%)
Steamboat Slough Jure Above Normal 0.193 0.193 (0.0%) 0.193 (0.2%)
Steamboat Slough Jure Below Normal 0.174 0.173 (0.0%) 0.174 (0.0%)

93




Junction Month Water Year Baseline 9A_V2A ITP_Spring
Type Conditions
Steamboat Slough Jure Dry 0.169 0.169 (0.2%) 0.169 (0.2%)
Steamboat Slough Jure Critical 0.178 0.178 (0.2%) 0.178 (0.2%)
Turner Cut Sepember Wet 0.175 0.178 (1.9%) 0.179 (2.2%)
Turner Cut Sepgember | Above Normal 0.163 0.165 (1.5%) 0.167 (2.6%)
Turner Cut Sepgember | Below Normal 0.170 0.169 (0.3%) 0.170(0.1%)
Turner Cut Sepember Dry 0.157 0.157 (0.3%) 0.157 (0.3%)
Turner Cut Sepember Critical 0.150 0.150 (0.0%) 0.150 (0.0%)
Turner Cut October Wet 0.170 0.170 ¢(0.1%) 0.170 ¢(0.1%)
Turner Cut October Above Normal 0.158 0.157 (0.2%) 0.157(-0.1%)
Turner Cut October Below Normal 0.167 0.167 (0.2%) 0.167 (0.3%)
Turner Cut October Dry 0.163 0.162 (0.1%) 0.163 (0.0%)
Turner Cut October Critical 0.151 0.151 (0.1%) 0.150 ¢(0.1%)
Turner Cut Nowvember Wet 0.182 0.182 (0.1%) 0.182 (0.1%)
Turner Cut Nowvember | Above Normal 0.169 0.168 (0.2%) 0.168 (0.1%)
Turner Cut Nowvember | Below Normal 0.176 0.176 (0.0%) 0.176 (0.0%)
Turner Cut Nowvember Dry 0.170 0.170 (0.1%) 0.170 (0.1%)
Turner Cut Nowvember Critical 0.153 0.154 (0.5%) 0.153(-0.1%)
Turner Cut De@mber Wet 0.173 0.173 (0.1%) 0.173 (0.1%)
Turner Cut De@mber | Above Normal 0.159 0.159 (0.0%) 0.159 (0.0%)
Turner Cut De@mber | Below Normal 0.159 0.159 (0.1%) 0.159 (0.1%)
Turner Cut De@mber Dry 0.156 0.156 ¢0.4%) 0.156(-0.4%)
Turner Cut De@mber Critical 0.149 0.150 (0.2%) 0.149 (0.0%)
Turner Cut Jamuary Wet 0.174 0.174 (0.3%) 0.174 (0.3%)
Turner Cut Jaruary Above Normal 0.164 0.164 (0.3%) 0.164 (0.3%)
Turner Cut Jaruary Below Normal 0.156 0.155 (0.3%) 0.155 (0.3%)
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Turner Cut Janary Dry 0.151 0.151 ¢0.3%) 0.151 ¢0.3%)
Turner Cut Jaruary Critical 0.151 0.150 ¢0.8%) 0.150 ¢0.6%)
Turner Cut February Wet 0.181 0.181 (0.1%) 0.181 (0.1%)
Turner Cut Felruary Above Normal 0.175 0.174 ¢0.6%) 0.174(-0.1%)
Turner Cut Felruary Below Normal 0.168 0.168 (0.4%) 0.168 (0.4%)
Turner Cut Felruary Dry 0.153 0.152 (0.7%) 0.152 (0.6%)
Turner Cut Felruary Critical 0.152 0.151 ¢(0.4%) 0.151 ¢(0.4%)
Turner Cut March Wet 0.182 0.183 (0.1%) 0.183(0.3%)
Turner Cut March Above Normal 0.172 0.172 (0.2%) 0.172 (0.2%)
Turner Cut March Below Normal 0.164 0.164 (0.1%) 0.164 (0.1%)
Turner Cut March Dry 0.151 0.151 (0.2%) 0.151 ¢(0.2%)
Turner Cut March Critical 0.147 0.147 (0.1%) 0.147(-0.1%)
Turner Cut April Wet 0.187 0.187 (0.1%) 0.187 (0.1%)
Turner Cut April Above Normal 0.172 0.173 (0.4%) 0.172 (0.0%)
Turner Cut April Below Normal 0.158 0.159 (0.3%) 0.158 (0.0%)
Turner Cut April Dry 0.146 0.146 (0.1%) 0.146 (0.0%)
Turner Cut April Critical 0.143 0.143 (0.1%) 0.143 (0.0%)
Turner Cut May Wet 0.183 0.186 (2.0%) 0.184 (0.6%)
Turner Cut May Above Normal 0.167 0.169 (1.4%) 0.168 (0.6%)
Turner Cut May Below Normal 0.153 0.155 (1.3%) 0.153 (0.2%)
Turner Cut May Dry 0.143 0.144 (0.2%) 0.143 (0.0%)
Turner Cut May Critical 0.139 0.140 (0.3%) 0.139 (0.0%)
Turner Cut Jure Wet 0.189 0.189 (0.4%) 0.189 (0.4%)
Turner Cut Jure Above Normal 0.172 0.170 €(0.9%) 0.170 (0.9%)
Turner Cut Jure Below Normal 0.165 0.163(-0.8%) 0.163 (0.8%)
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Turner Cut Jure Dry 0.157 0.155 €1.1%) 0.155 €1.1%)

Turner Cut Jure Critical 0.147 0.147 ¢€0.4%) 0.147 ¢€0.2%)
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5.1.2.1.3.Conclusions on Delta Hydrodynamsiand Junction Routing

Although DSM2YDRO modeling for the Sacramento River showed negligible changes in velocity
between Baseline Conditions abdth Proposed Project scenarios at Freeport and Walnut Grove,
CalSim 3 modeling of SWP south Delta exports obtained from subsequent coordinati@\Mith
indicates that there will be increasesiteean monthlyexports @-87%increasg and decreases imean
monthly OMR flowg29-1,435% decrease) all water year typeduring the months of April and May for
the Proposed Project 9A_V2&A&enario(seeAppendix @ CalSim Modeling ResulfEable €19, Table €

20, Table €31, andTable €32). For the 9A_V2A scenarioadian monthly SWP south Delta exports
appear higher in April of wet years and May of all water year typesAppendix & CalSim Modeling
ResultsFigure €3) and median monthly OMR flovegpear lower in April of above normal and critical
water years and May of all water year types (see Appendj}CalSim Modeling Resul&igure €7).

April is an important Delta migration month for both juvenile CHNWR and CHMNBRHNSRnigration
extendingthrough the Delta in May. Changes in expansl negative OMR flowsf this magnitude will
have a negative impact on juvenile CHNWR and CHNiBB&gsing entrainment into the CVP and SWP
export facilities. OMR flows modeled in CalSim 3 appear to be more negative und&opiesed
Project9A_V2A scenario in May of all water year types, and more negative in April of dry, below normal,
and above normal water years compared to Baseline Conditions arfértdposed ProjediTP_Spring
scenario $eeAppendix & CalSim Modeling Resuligure €7).

Impacts of increased exports and more negative OMR flows on salmonid routing are greatest at the

head of Old River, which is the junction analyzed closest to the CVP and SWP export facilities (SST 2017).
Increases in reverse flows near the export faciitielikely to increase salvage, which is supported by

the Salvagdensity Method results that show increasesrindeledloss ofgeneticallyidentified

naturatorigin CHNWR and CHN&Rhe SWP export facilitieduring April and MaysgeSection 5.2.1.3

¢ SalvageDensity Method Tables25 and29). Mean monthly OMR flow valuese more negativén

April and Mayof most water year typefor the ITP_Spring scenario compared to Baseline Conditions

ranging fom a decrease of%to 46%(seeAppendix & CalSim Modeling ResulfBable €31andTable

G 32), but would likely not have gsronouncedimpacts on routing of CHNWR and CHNSR as the

Proposed Projec®A_V2A scenario.

5.1.3 Effects of South Delta Export Operations davenileChinookSalmon
ThroughDelta Survival

DWRused boththe STARS mod@ased orPerry et al. 2018nd ECE&PTM(based on Wang 2019)

the ITP Application (DWR 2028%)evaluate potential differences in througbelta survival of

outmigrating Chinook Salmon smolts from the Sacramento Basin between Baselin€onditionsand

the two Proposed ProjedcenariogITP_Spring and 9A_V2Fdr the three scenarios, edeling outputs

from CalSim 3and subsequentlipSM2 were used as inputs tthe STAR810deland ECE&PTM See

Section 5.k Effectsof South Delta Export Operations on Rearing, Routing, andv8Lo¥#iChinook

Salmonfor additional information on each modeling scenaftodeling results discussed below are

based on information CDFW obtained fr@VRQ & L ¢t ! LILI A fPdndishbBefjuedt5 2 w H 1 H O
coordination withDWR

Survival estimates generated lthe STARB0deland EC@TM are not intended to predict future
outcomes or current conditions. Insteatie STARB0deland ECA@TMare simulation tools that
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compare the effects of different water management options to smolt migration survival, with
accompanying estimates of uncertainty. There is an assumption of stationarity of basic relationships
within these two models to enable comparison of scenarioserdurrent analysis. As with all other
methods found in the ITP ApplicatigpWR 2023f)it is possible that underlying relationships (e.g., flow
survival) used to infornthe STARB0deland ECE&TM could change in the future. It may be necessary
to re-examine the relationships as new information becomes available.

The results othe STAR810deland ECE&TMshould be interpreted with cautioand should only be
considered relevant, with caveats, for natural CHNWR and CHNSR that have reared upstream and are
rapidly transiting through the Delta as smolsd hatchery CHNWR and CHNSR released upstream of
the Delta. Th6&STARS modehd EC@TMdo not evaluate routing and througbelta survival forearing
(pre-smolt)natural CHNWR and CHNSR,dwthey incorporateProjectrelated effectson the behavior

and life historydiversity displayed by the majority of these populations which spend extended periods in
the Delta(see Appendi® ¢ Juvenile Size Distribution in Delta Monitoring and Salvdgea}her, the

statistical model of Perry et al. (2018TARSrovides limited analysis of throudbelta survival as it
considers the effects of Freeport flows and DCC operations but does not include south Delta exports.
Similarly, ECOTM is mainly calibrated for the north Delta from Freeport to Chipps I§\Atachg 2019)

Thus, themodeling results presenteldelow are insensitive to any differensén SWPRexports between
BaselineConditionsandthe two scenarioanodeled for the Proposed Project

Given the importance in DQperationsin both models,tiis important to note that the CalSiBimodel
assumes DCC gates are cloge@ctober and Novembavhen Sacramento River flow at Wilkins Slough

is greater than 7,500 cfs, which acts as a flow surrogaterfancrease in theresence of juvenile

Chinook Salmowithin the vicinity of the DCC gatelsnplementation of DCC gate actions is based on
water quality criteria as well as fish presence as determined by the Knights Landing catch index or
Sacramento catch index, which are calculated based on Knights Landing RST, Sa&tamsagach

seines, and Sacramento River trawl monitoring data (NMFSa20R8h presence at these monitoring

sites does not always align with the surrogate flow trigger used in CalSim 3 modeling and, depending on
Sacramento Rer conditions, catch efficien@t the monitoring sitegan be low and result in low fish
detection.Additionally, & high Sacramento River flowsonitoring is often suspended due to safety
concernsThus, the flow surrogate for DCC gate operations modeled in Cal8awy &tificially increae

the amount of timeCalSim 3 assumdéise DCC gates aigosed and as a resultnayassumereduced

impacts on CHNWR and CHNSR seen in the STARS a@ntiNE@©@delingutputs. It is likely that

impacts on CHNWR and CHNSR will be greater during implementation of the Project compared to what
is observed in the modeling results because DCC gagde open more frequently witheaktime

operations based on fish presen@her than the modelindlow surrogate.

5.1.31. Survival, Travel Time, and Routil@imulationAnalysis §TARS

The STARS modbhsed on Perry et al. (2018), is a stochastic, individaséd simulation model
designed to predict survival of a cohortjofenile Chinook Salmdadhat experience variable daily river
flows as they migratéhrough the Delta from the Sacramento River. Detailed methods for the STARS
model are presented in Perry et al. @). Modeling results herein are based on information CDFW
obtained fromDWR2 & L ¢t ! LILI A fPandisui®efuent Bobrdination wibWR
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Although the STARS analysis considéneaigh-Deltasurvival, travel time, and routing, the discussion
herein focuses on differencestimrough-Deltasurvival because the survival calculations integrate flow
survival relationships, travel time, and routing of fish into different parts of the Delta with varying
survivalrates Runspecific analyses are not conducted using the STARS model, rather, a daily analysis of
juvenile Chinook Salmon entry into the Delta was conducted for each month of the year. STARS
modeling results were provided for two efficiency scenariogdaucing juvenile Chinook Salmon entry
into the Georgiana Slough wiae Georgiana Slough Salmonid Migratory Barrier (referred to as BAFF in
the following tables50% and 67% efficiencyModeling of the BAFF operation was dynamic in STARS
with the BAFF turned oduring timeswhen DCC gates are clodestweenNovember 16and December

31, turned on fultime January 1 through April 30, and turned off for tieenainderof the year.In the
following tablesMay through October modeled results do not include BAFF operations for Baseline
Conditions or Proposed Project scenariosimplementation, DWR will operate the BAdfuallyas

early as November, but no later than November 1@jith operations from November 1 through
November30 tied to DCC gate operatiofis., when DCC gates are closed for fishery protection
purposes, BAFF will be operate@®WR will operate the BAEBntinuously from December 1 through
April 30 and coordinate with CDFWraually on the need to operate the BAFF into Miagonsideration

of juvenile CHNWR and CHNSB&sence in the Delt®Percent difference between Baseline Conditions
and Proposed Project scenarios was calculated as the difference betuednalestimates from

Baseline Conditions and Proposed Project scenarios divided by Baseline Conditions.

Changes in mean througbelta survival between Baseli@onditionsandthe two Proposed Project
scenarios ranged from a decrease of about 2% to an increase of about 6% in any month or water year
type (Tables3-14). The greatest differences in survival between Basdéimeditionsand Proposed

Project scenarios during months thawvenileCHNWR and CHNSR are expected to be present in the
Delta appear in October of below normal and dry water years114% decreasefable3), October of

critical water years for the ITP_Spring scenario (1.9% incréabée3), November of critical water years
(1.3-2.3% decreaselable4), and March ofiry water years (1.21.4% increasefable8). Decreases in
survival seen in October bElownormal and dry water years and November of critical water years
reflect potential decreases in Delta inflow during those months due to a higher proportion of
Sacramento River flow entering the DCC; however, the underlying causes of these changes @ flow ar
unclear (see Section 5.1.Z;Delta Hydrodynamic Assessment and Junction Routing Anabyait).
migrating juvenile CHNWR and yearling CHNSR present in the D@tteobver and Novembesould
experience conditions reflected in the STARS moddtiaigreduce throughDelta survivallncreased
through-Delta survival seen in March of dry water years for the 9A_V2A scenario is likely a result of the
50 TAF Delta inflow block of water in March under ConditioApgfroval8.122 Spring Delta Outflow
ImplementationVia the Healthy Rivers and Landscapes Prodsam Section 6.1;Eondition of
Approval8.12).

Larger differences in survival are seen in June of dry water years.{¥bdecreaselablell), August

of above normahnd dryyears 0.7-1.5% decreasélablel3), and September of wet and above normal
water years (2.5.9% increasefablel4); however, June, August, and September are not peak
migration months for eithejuvenileCHNWR or CHNSR, and juveniles may not be present at all
depending on the ruand life historytype (i.e., YOY or yearlingivenileCHNWR are not present in the
Delta during June andvenileCHNSR are not present during August or September (see Settiofis
and 4.2.6; Rearing and Outmigrating Juveniles in the-Bajta).Remainingnonths and water year

99



types showed negligible differences between Basdllnaditionsandthe two Proposed Project
scenariogTabless-7, 9, 10, and12). Changes in survival between the two Proposed Project scenarios
compared to Baselin€onditionswere generally similar. Operation of the BAieFween November and
Aprildid not appear to substantially improvwkrough-Deltasurvival when comparing the0%efficiency
scenariato the 67% efficiency scenari®TARB0deling results showesome minor differences, mostly
increases, ithroughtDeltasurvivalunder the greater BAFF efficiency scenario.

Table3. Mean October Chinook Salmon smolt survival through the Delta uhdd?roposed Project
and Baseline Conditions STARS modeling scenarios grouped by water yeBetgpat dferences
betweenthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&seigigonsare in

parentheses.
Water Year| Baseline 9A V2A ITP_Spring
Type Conditions
Wet 0.36 0.36 (0.2%)| 0.36 (0.2%)
Above 0.32 0.32 €0.1%)| 0.32 (0.0%)
Normal
Below 0.33 0.32 €1.4%)| 0.32 €1.2%)
Normal
Dry 0.32 0.32 €1.2%)| 0.32 ¢1.1%)
Qitical 0.30 0.31 (0.5%)| 0.31 (1.9%)

Table4. MeanNovemberChinook Salmon smolt survival through the Delta urterProposed Project

and Baseline Conditions STARS modeling scenarios grouped by water yeandtypeorgiana Slough
Salmonid Migratory Barrier (BAFF) efficiency assumpiBercent dfferences betweerthe Proposed
Project scenarios (9A_V2A and ITP_Spring) and BaSeliditionsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring

Type Conditions | BAFF 50%| BAFF 50%| Conditions | BAFF 67%| BAFF 67%

BAFF 50% BAFF 67%

Wet 0.43 0.43 (0.1%)| 0.43 (0.2%) 0.43 0.43 (0.1%)| 0.43 (0.2%)
Above 0.40 0.40 €0.1%) | 0.40 €0.2%) 0.41 0.41 (0.0%)| 0.41 (0.0%)
Normal
Below 0.38 0.38 €0.5%) | 0.38 €0.6%) 0.39 0.38 ¢0.5%) | 0.38 €0.6%)
Normal

Dry 0.36 0.36 (0.1%)| 0.36 (0.2%) 0.36 0.36(0.1%) | 0.37 (0.2%)
Qritical 0.34 0.34 €1.3%) | 0.34 €2.2%) 0.35 0.35 €1.5%) | 0.34 €2.3%)
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Table5. MeanDecemberChinook Salmon smolt survival through the Delta urtderProposed Project
and Baseline Conditions STARSRIeling scenarios grouped by water year tyme Georgiana Slough
Salmonid Migratory Barrier (BAFF) efficiency assumplBercent dfferences betweerthe Proposed

Project scenarios (9A_V2A and ITP_Spring) and BaSelirditionsare inparentheses.

Water Year Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring

Type Conditions | BAFF 50%| BAFF 50%| Conditions | BAFF 67%| BAFF 67%

BAFF 50% BAFF 67%

Wet 0.60 0.60 (0.0%)| 0.60 (0.0%) 0.61 0.61 ¢€0.1%)| 0.61 (0.0%)
Above 0.51 0.51(0.0%) | 0.51 ¢€0.1%) 0.53 0.52 €0.1%) | 0.52 €0.1%)
Normal
Below 0.48 0.49 (0.4%)| 0.48 (0.0%) 0.50 0.50 (0.4%)| 0.50 (0.1%)
Normal

Dry 0.48 0.48 €0.4%)| 0.48 €0.3%) 0.50 0.49 €0.4%)| 0.50 €0.4%)
Qritical 0.45 0.45 (0.3%)| 0.45 (0.1%) 0.46 0.47 (0.2%)| 0.46(0.1%)

Table6. MeanJanuaryChinook Salmon smolt survival through the Delta urilefProposed Project and
Baseline Conditions STARS modeling scenarios grouped by water yeamdy@eorgiana Slough

Salmonid Migratory Barrier (BAFF) efficiency assumpiBercent dfferences betweerthe Proposed
Project scenarios (9A_V2A and ITP_Spring) and BaSelirditionsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring

Type Conditions | BAFF 50%| BAFF 50%| Conditions | BAFF 67%| BAFF 67%

BAFF 50% BAFF 67%

Wet 0.63 0.63 (0.0%)| 0.63 (0.1%) 0.64 0.64 (0.1%)| 0.64 (0.1%)
Above 0.61 0.61 (0.0%)| 0.61 (0.0%) 0.62 0.62 (0.0%)| 0.62 (0.0%)
Normal
Below 0.53 0.53 (0.0%)| 0.53 (0.0%) 0.55 0.55(0.0%) | 0.55 (0.0%)
Normal

Dry 0.49 0.49 €0.3%)| 0.49 ¢0.3%) 0.50 0.50 €0.3%) | 0.50 €0.4%)
Qritical 0.46 0.46 (0.2%)| 0.46 (0.0%) 0.48 0.48 (0.1%)| 0.48 (0.0%)
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Table7. Mean FebruaryChinook Salmon smolt survival through the Delta urterProposed Project
and Baseline Conditions STARS modeling scenarios grouped by water yeamtypeorgiana Slough
Salmonid Migratory Barrier (BAFF) efficiency assumplBercent dfferences betweerthe Proposed

Project scenarios (9A_V2A and ITP_Spring) and BaSelirditionsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring

Type Conditions | BAFF 50%| BAFF 50%| Conditions | BAFF 67%| BAFF 67%

BAFF 50% BAFF 67%

Wet 0.66 0.66 (0.0%)| 0.66 (0.0%) 0.67 0.67 (0.0%)| 0.67 (0.0%)
Above 0.63 0.62 €0.1%)| 0.62 €0.1%) 0.64 0.64 (0.0%)| 0.64 (0.0%)
Normal
Below 0.56 0.56 €0.3%)| 0.56 €0.2%) 0.58 0.57 €0.3%) | 0.57 €0.2%)
Normal

Dry 0.53 0.53 (0.4%)| 0.53 (0.4%) 0.54 0.55(0.3%) | 0.55 (0.4%)
Qritical 0.49 0.49 (0.8%)| 0.49 (0.8%) 0.50 0.51 (0.8%)| 0.51 (0.6%)

Table8. MeanMarchChinook Salmon smolt survival through the Delta urterProposed Project and
Baseline Conditions STARS modedmgnarios grouped by water year typed Georgiana Slough

Salmonid Migratory Barrier (BAFF) efficiency assumpiBercent dfferences betweerthe Proposed
Project scenarios (9A_V2A and ITP_Spring) and BaSelirditionsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring

Type Conditions | BAFF 50%| BAFF 50%| Conditions | BAFF 67%| BAFF 67%

BAFF 50% BAFF 67%

Wet 0.64 0.64 (0.0%)| 0.64 (0.0%) 0.65 0.65 (0.1%)| 0.65 (0.0%)
Above 0.63 0.63 (0.3%)| 0.63 ¢0.1%) 0.64 0.64(0.3%) | 0.64 ¢0.1%)
Normal
Below 0.57 0.57 (0.7%)| 0.57 ¢0.1%) 0.58 0.58 (0.7%)| 0.58 ¢0.1%)
Normal

Dry 0.52 0.53 (1.4%)| 0.52 (0.1%) 0.53 0.54 (1.2%)| 0.53 (0.0%)
Qritical 0.46 0.47 (0.5%)| 0.46 ¢0.2%) 0.48 0.48 (0.4%)| 0.48 €0.2%)
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Table9. MeanApril Chinook Salmon smolt survival through the Delta uritlefProposed Project and
Baseline Conditions STARS modeling scenarios grouped by water yeamdy@eorgiana Slough
Salmonid Migratory Barrier (BAFiciency assumptiorPercent dfferences betweerthe Proposed
Project scenarios (9A_V2A and ITP_Spring) and BaSelirditionsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring

Type Conditions | BAFF 50%| BAFF 50%| Conditions | BAFF 67%| BAFF 67%

BAFF 50% BAFF 67%

Wet 0.61 0.61 (0.0%)| 0.61 (0.0%) 0.62 0.62 (0.0%)| 0.62 (0.0%)
Above 0.56 0.56 (0.0%)| 0.56 (0.0%) 0.58 0.58 (0.1%)| 0.58 €0.1%)
Normal
Below 0.50 0.50 €0.1%)| 0.50 (0.0%) 0.51 0.51 (0.0%)| 0.52 (0.1%)
Normal

Dry 0.46 0.46 €0.4%)| 0.46 (0.0%) 0.47 0.47 €0.4%)| 0.47 (0.0%)
Qritical 0.43 0.43 ¢0.2%)| 0.43 (0.0%) 0.44 0.44 ¢0.1%)| 0.44 (0.0%)

Tablel10. MeanMay Chinook Salmon smolt survival through the Delta urtleiProposed Project and
Baseline Conditions STARS modeling scenarios grouped by water ye&engant dferences between
the Proposed Project scenarios (9A_V2A and ITP_Spring) and B&seitlitonsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring
Type Conditions
Wet 0.56 0.56 (0.0%)| 0.56 (0.0%)
Above 0.50 0.50 (0.1%)| 0.50 (0.0%)
Normal
Below 0.45 0.45 ¢0.6%) | 0.45 €0.6%)
Normal
Dry 0.40 0.41 (0.3%)| 0.41 (0.2%)
Qritical 0.36 0.36 (0.1%)| 0.36 (0.1%)

Tablell. MeanJuneChinook Salmon smolt survival through the Delta urtleiProposed Project and
Baseline Conditions STARS modeling scenarios grouped by water ye&engaant dferences between
the Proposed Project scenarios (9A_V2A and ITP_Spring) and B&seitlitonsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring
Type Conditions
Wet 0.45 0.45 (0.1%)| 0.45 €0.1%)
Above 0.39 0.39 €0.1%) | 0.39(-0.6%)
Normal
Below 0.33 0.33 €0.2%) | 0.33 €0.6%)
Normal
Dry 0.32 0.32 €1.5%)| 0.31 €1.7%)
Qritical 0.28 0.28 ¢€0.7%) | 0.28 €0.3%)
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Tablel2. MeanJulyChinook Salmon smolt survival through the Delta unterProposed Project and
Baseline Conditions STARS modeling scenarios grouped by water ye&engant dferences between
the Proposed Project scenarios (9A_V2A and ITP_Spring) and B&seitlitonsare in parentheses.

Water Year Baseline 9A V2A ITP_Spring
Type Conditions
Wet 0.37 0.37 €0.1%)| 0.37 €0.1%)
Above 0.38 0.38 €0.4%) | 0.38 €0.4%)
Normal
Below 0.38 0.38 €0.4%) | 0.38 €0.5%)
Normal
Dry 0.36 0.36 (0.0%)| 0.36 (0.0%)
Qritical 0.28 0.28 €0.3%) | 0.28 €0.1%)

Tablel3. Mean AugustChinook Salmon smolt survival through the Delta uideProposed Project
and Baseline Conditions STARS modeling scenarios grouped by water yeBetgpat dferences
between Proposed Project scenarios (9A_V2A and ITP_Spring) and Basaliiteonsare in

parentheses.

Water Year Baseline 9A V2A ITP_Spring
Type Conditions
Wet 0.35 0.35 €0.1%) | 0.35 (0.0%)
Above 0.36 0.36 €1.3%) | 0.36 €1.5%)
Normal
Below 0.35 0.35 €0.5%) | 0.35 €0.3%)
Normal
Dry 0.30 0.30 ¢0.7%) | 0.30 ¢1.0%)
Qritical 0.26 0.25 ¢€0.9%) | 0.25 €0.7%)

Tablel4. Mean SeptembetChinook Salmon smolt survival through the Delta urtderProposed
Project and Baseline Conditions STARS modeling scenarios grouped by water yéserogre.
differences betweerthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&swltidons
are in parentheses.

Water Year Baseline 9A V2A ITP_Spring
Type Conditions
Wet 0.37 0.38 (2.3%)| 0.38 (2.7%)
Above 0.36 0.38 (4.0%)| 0.38 (5.9%)
Normal
Below 0.32 0.32 ¢0.1%)| 0.33 (0.8%)
Normal
Dry 0.28 0.28 (0.2%)| 0.28 (0.1%)
Qritical 0.26 0.26 (0.1%)| 0.26 (0.1%)
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Inherent limitations of the STARS model introduce some level of uncertainty in the results and could be
responsible for muting potential impacts of the Project and contributing to a lack of differences in
survival between Proposed Project scenarios ane@BssConditions. Perry et al. (2018) relies
predominantly on data from acousttagging studies of large (>14dillimeters mm]) hatcheryorigin
CHNLFBmolts; therefore, conclusions should be applied cautiously tesprelt migrants. Juvenile

salmon less than 80 mm are more likely to rear in the Delta for extended periods of time rather than
emigrate quickly from the DeltdMoyle 2002 and will not be represented well by the STARS model.
Naturalorigin juvenile CHNWR can spend between 40 and 110 days in the Delta before entering the
ocean (del Rosario et al. 201Bhillis et al(2018 foundthat a substantial proportion of returning adult
CHNWRollecied as LSNFigared as juveniles in nematal habitat including upper Sacramento River
tributaries, the Feather River, American River, and Delta. These life history huances are not captured in
salmon routing and survival moddike the STARS0deland EC&PTMthat utilize acousticallyagged
hatchery smoltswhichmigrate quickly into and through the Delta

Perry et al. (2018) also does not account for water temperature impactsrongh-Deltasurvival that

may occur beginning in April when water temperatures start to increase in the Pialtece et al. (2021
found that juvenile CHNWR survival decreases with reduced flow and increased water temperatures and
found the strongest correlation with daily water temperature and survival after March 1 in the upper
Delta between Knights Landing and Sacrame8inger et al. (2020ocumented similar results

between Scramento and Hood, with reduced survivalCHINFR and CHNSRolts as water

temperatures in April increased. Finally, Perry et al. (2018) is currently limited in that it cannot account
for impacts associated with south Delta export operations or entrainment because it only includes
Freeport inflowon the Sacramento Rivand DCC gate operations as covariates of threDgha

survival and interior Delta routing probability. Because the STARS model does not account for south
Delta operations, any positive aegative impacts to survival from changes in Project expoggnot

be reflected in STARS survival estimates.

5.1.32. Ecological Particle Tracking Model (E€DM)

ECCGPTM is an individuddased juvenil&Chinook &lmon migration model that uses randewalk

particle tracking with fishike behavior incorporated in the particles. Acoustic telemetry data from

various studies on latéall Chinook Salmon (Perry et al. 2018) were used to develop fish behavior
parameters Detailed methods foECGPTMcan be foundn Wang (2019)Modeling results herein are

based on information CDFW obtained fr@vR2 a L ¢t ! LILI AfDdndishi®Befuent5 2 w H A H O
coordination withDWR

AlthoughECGPTMconsideredunction routing and througibelta survivalthe discussion herein

focuses on differences through-Deltasurvival because the survival calculations integrate fonvival
relationships, travel time, and routing of fish into different parts of the Delta with varying suraies

Daily cumulative survival estimates were produced and averaged by month and water yed&@pe.

PTM results were provided for three different scenarios for the Georgiana Slough Salmonid Migratory
Barier (referred to as BAFF in the following tabl@$le BAFF could not be modeled dynamicaiiy

DCC gateas donein the STARS moddherefore, hree separate modeling exercises were completed

that assumedl) the BAFF was not operating at @boefficiency) 2)the BAFF was operatirigpm

November through Aprat an efficiency of 50%and 3) the BAFF was operatingm November through
Aprilat an efficiency 067%.As stated in Section 5.1.3.1, DWR will operate the BAFF annually as early as
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November 1, but no later than November 16, with operations from November 1 through November 30

tied to DCC gate operations (i.e., when DCC gates are closed for fishery protection purposes, BAFF will

be operated). DWR will operate the BAFF continuously fbe@wember 1 through April 30 and

coordinate with CDFW annually on the need to operate the BAFF into May in consideration of juvenile
CHNWR and CHNSR presence in the IEREPTM results weralsosummarizedlifferently for water

year type determinatiorirom the STARS model and other modeling results presented in this Effects
AnalysisFor EC@PTM, vater year type was determined by morkh ¢ KA OK | LILJX A S&a GKS LIN
water year type for October through January, the forecasted water year type for February through April,

and the final assigned water year type for May through Septenid@fRdid not provide ECETM

modeling results for July and Augusar all other modelingesultspresented in this Effects Analysis,

water year type was determined based the 50% exceedance forecast in May of the Sacramento

+ ff SBommnsgl GSNI &SI N Keé R NEef NagBul@tin 0Z0D\ER20ZB)APGrceiitA 2 Y A Y |
difference between Baseline Conditions and Proposed Project scenarios was calculated as the difference
betweensurvivalestimates from Baseline Conditions and Proposed Project scenarios divided by Baseline
Conditions.

Changes in mean througbelta survival between Baseli@onditionsandthe two Proposed Project
scenarios ranged from a decrease of about 3% to an increase of ot any month or water year

type analyzedTablesl5-24). The greatest differences in survival between Basdlioeditionsand
Proposed Project scenarios during months tiuaenile CHNWR and CHNSR are expected to be present
in the Delta appear in October b&low normal water years for the ITP_Spring scenario (1.5% increase;
Tablel5), February of critical water years (1113% increasefable19), March of below normal and dry
water years for the 9A_V2A scenario {1.8% increasefable20), and May of below normal water

years (12-1.6% decreasé&;able22). Increasedhrough-Delta survival seemiMarch of below normal

and dry water years for the 9A_V2A scenario are likely a result of the 50 TAF Delta inflow block of water
in MarchunderCondition of Approva8.12.2 ¢ SpringDelta OutflowVia the Healthy Riverend

Landscapes Prografeee Section 6.1;&ondition of Approvas.12).

Larger differences in survival are seen in June of dry waians (22-2.7% decreaseable23) and
September of wet and above normal water year$21% increaseTable24); however, June and
September are not peak migration months for eitligrenile CHNWR or CHNSd&hd juveniles may not
be present at all depending on the rand life historytype (i.e., YOY or yearlinduvenileCHNWR are
not present in the Delta during June ajuyenileCHNSR are not present during September (see Sections
4.1.6 and 4.2.¢ Rearing and Outmigrating Juveniles in the-Bajta). Other months and water year
types showed negligible differences between Basdllnaditionsand Proposed Projestenarios
Survival was slightly higher in scenarios with the BAFF tipgraompared with the scenarios without
the BAFF operatindeCGPTM modeled results showed slight increases in threldghia survival under
the 67%BAFF efficiency scenagompared to the 50%fficiency scenariduring months when the
BAFF is expected to be operatiidpvemberApril).
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Tablel5. MeanOctoberChinook Salmon smolt survival through the Delta urilerProposed Project and Baseline Conditi&@=PTM
modeling scenarios grouped by water year tyrel Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assuetient
differences betweerthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&swliidonsare inparentheses.

Water Year| Baseline 9A V2A ITP_Spring

Type Conditions BAFF 0% BAFF 0%

BAFF 0%

Wet 0.40 0.40 (0.0%)| 0.40 ¢0.2%)
Above 0.37 0.37 €0.2%) | 0.37 ¢€0.3%)
Normal
Below 0.35 0.35 (0.6%)| 0.35 (1.5%)
Normal

Dry 0.33 0.33 €0.5%) | 0.33(-0.5%)
Critical 0.32 0.32 (0.0%)| 0.32 ¢0.2%)

Tablel6. MeanNovemberChinook Salmon smolt survival through the Delta urtdeProposed Project and Baseline Conditions{PC#
modeling scenarios grouped by water year typal Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assumetmant
differences betweerthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&swlgtidgonsare in parentheses.

Water Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring
Year | Conditions| BAFF 0% BAFF 0% | Conditions| BAFF50%| BAFF 50% | Conditions| BAFF 67%| BAFF 67%
Type BAFF 0% BAFF 50% BAFF 67%

Wet 0.41 0.41 (0.2%)| 0.41 (0.2%) 0.43 0.43 (0.2%)| 0.43 (0.1%) 0.44 0.44 (0.2%)| 0.44 (0.3%)
Above 0.40 0.40 (0.2%)| 0.40 €0.1%) 0.41 0.41 (0.0%)| 0.41 (0.0%) 0.42 0.42 (0.5%)| 0.42 (0.3%)
Normal
Below 0.37 0.37 €0.2%) | 0.37 €0.3%) 0.39 0.39 €0.1%) | 0.38 €0.4%) 0.39 0.39 €0.2%) | 0.39 ¢0.3%)
Normal

Dry 0.38 0.38 (0.0%)| 0.38 €0.4%) 0.39 0.39(0.1%) | 0.39 €0.4%) 0.40 0.40 (0.1%)| 0.40 €0.4%)
Critical 0.33 0.33 €0.4%) | 0.33 €0.1%) 0.35 0.35 €0.3%)| 0.35 (0.1%) 0.35 0.35 €0.5%) | 0.35 (0.0%)
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Tablel7. MeanDecemberChinook Salmon smolt survival through the Delta urtdeProposed Project and Baseline ConditionsPCH
modeling scenarios grouped by water year tyrel Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assuetient
differences betweerhe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&smwigtidonsare in parentheses.

Water Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring
Year | Conditions| BAFF 0% BAFF 0% | Conditions| BAFF 50%| BAFF 50%/| Conditions| BAFF 67%| BAFF 67%
Type BAFF 0% BAFF 50% BAFF 67%

Wet 0.47 0.47 €0.2%) | 0.47 €0.3%) 0.49 0.49 €0.2%) | 0.49 ¢0.2%) 0.50 0.49 €0.2%) | 0.49 ¢0.3%)
Above 0.44 0.45 (0.7%)| 0.45 (0.5%) 0.47 0.47 (0.4%)| 0.47 €0.1%) 0.47 0.48(0.6%) | 0.47 (0.1%)
Normal
Below 0.47 0.47 (0.2%)| 0.47 (0.1%) 0.49 0.49 (0.1%)| 0.49 (0.1%) 0.49 0.50 (0.1%)| 0.50 (0.1%)
Normal

Dry 0.45 0.44 ¢0.2%) | 0.44 ¢0.2%) 0.46 0.46 €0.1%) | 0.46 ¢0.2%) 0.47 0.47 €0.1%) | 0.47 ¢0.2%)
Critical 0.39 0.39 (0.0%)| 0.39(0.0%) 0.41 0.41 €0.2%)| 0.41 (0.0%) 0.41 0.41 ¢0.6%) | 0.41 ¢0.1%)

Table18. MeanJanuaryChinook Salmon smolt survival through the Delta urtberProposed Project and Baseline Conditions 2T
modeling scenarios grouped by water year typal Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assumetmant
differences betweerthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&selgtidonsare in parentheses.

Water Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring
Year | Conditions| BAFF 0% BAFF 0% | Conditions| BAFF50%| BAFF 50% | Conditions| BAFF 67%| BAFF 67%
Type BAFF 0% BAFF 50% BAFF 67%

Wet 0.48 0.48 ¢0.1%) | 0.48 (0.0%) 0.50 0.50 ¢0.2%) | 0.50 ¢0.2%) 0.51 0.51 ¢0.3%) | 0.51 ¢0.2%)
Above 0.46 0.46 (0.0%)| 0.46 (0.0%) 0.49 0.49 (0.1%)| 0.48 ¢0.2%) 0.49 0.49 (0.2%)| 0.49 ¢0.2%)
Normal
Below 0.50 0.50 (0.0%)| 0.50 (0.0%) 0.52 0.52 (0.0%)| 0.52 (0.1%) 0.52 0.52 (0.1%)| 0.52 (0.2%)
Normal

Dry 0.47 0.47(-0.1%) | 0.47 (0.0%) 0.49 0.49 ¢0.2%) | 0.49 ¢0.2%) 0.49 0.49 ¢0.4%) | 0.49 ¢0.4%)
Critical 0.45 0.45 (0.1%)| 0.45 (0.2%) 0.47 0.47 (0.0%)| 0.46 ¢0.2%) 0.47 0.47 ¢0.2%) | 0.47 ¢0.1%)
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Table19. MeanFebruaryChinook Salmon smolt survival through the Delta urtdeProposed Project and Baseline ConditionsPTCH
modeling scenarios grouped by water year tyrel Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assuetient
differences betweerhe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&smwigtidonsare in parentheses.

Water Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring
Year | Conditions| BAFF 0% BAFF 0% | Conditions| BAFF 50%| BAFF 50%/| Conditions| BAFF 67%| BAFF 67%
Type BAFF 0% BAFF 50% BAFF 67%

Wet 0.59 0.59 (0.1%)| 0.59 (0.0%) 0.60 0.60 (0.1%)| 0.60 (0.1%) 0.61 0.61 €0.1%)| 0.61 €0.1%)
Above 0.55 0.55 €0.1%) | 0.55 ¢0.1%) 0.57 0.57 €0.1%)| 0.57 €0.1%) 0.57 0.57(-0.2%) | 0.57 (0.0%)
Normal
Below 0.49 0.49 ¢0.6%) | 0.49 ¢0.1%) 0.51 0.51 ¢€0.3%)| 0.51 ¢0.3%) 0.52 0.52 €0.5%) | 0.52 ¢0.3%)
Normal

Dry 0.46 0.46 (0.6%)| 0.46 (0.7%) 0.48 0.48 (0.3%)| 0.48 (0.5%) 0.49 0.49 (0.2%)| 0.49 (0.5%)
Critical 0.43 0.43 (1.2%)| 0.43(1.1%) 0.45 0.46 (1.1%)| 0.46 (0.9%) 0.46 0.46 (1.3%)| 0.46 (1.1%)

Table20. MeanMarch Chinook Salmon smolt survival through the Delta untieProposed Project and Baseline ConditionsTCM modeling
scenarios grouped hyater year typeand Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assumetmantdifferences
betweenthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&swiitidonsare in parentheses.

Water Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring
Year | Conditions| BAFF 0% BAFF 0% | Conditions| BAFF50%| BAFF 50% | Conditions| BAFF 67%| BAFF 67%
Type BAFF 0% BAFF 50% BAFF 67%

Wet 0.57 0.57 (0.0%)| 0.57 (0.0%) 0.59 0.59 ¢0.2%) | 0.59 ¢0.1%) 0.59 0.59 (0.0%)| 0.59 ¢0.1%)
Above 0.54 0.55 (0.5%)| 0.54 €0.2%) 0.56 0.57 (0.4%)| 0.56 ¢0.3%) 0.57 0.57 (0.4%)| 0.57 (0.0%)
Normal
Below 0.47 0.47 (1.3%)| 0.47 (0.0%) 0.49 0.49 (1.3%)| 0.49 (0.2%) 0.50 0.50 (1.4%)| 0.50 (0.1%)
Normal

Dry 0.43 0.44(1.6%) | 0.43 (0.0%) 0.46 0.46 (1.6%)| 0.46 (0.0%) 0.47 0.47 (1.3%)| 0.46 ¢0.2%)
Critical 0.40 0.40 (0.0%)| 0.40 €0.2%) 0.42 0.42 ¢0.3%) | 0.42 ¢0.5%) 0.43 0.43 €0.2%) | 0.43 ¢€0.4%)

109




Table21. Mean April Chinook Salmon smolt survival through the Delta uritberProposed Project and Baseline ConditionsTM modeling
scenarios grouped by water year typad Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assumetmant dferences
betweenthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&swiitiGonsare in parentheses.

Water Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring| Baseline 9A V2A ITP_Spring
Year | Conditions| BAFF 0% BAFF 0% | Conditions| BAFF 50%| BAFF 50%/| Conditions| BAFF 67%| BAFF 67%
Type BAFF 0% BAFF 50% BAFF 67%

Wet 0.51 0.51 (0.0%)| 0.51 €0.1%) 0.53 0.53 (0.1%)| 0.53 (0.1%) 0.54 0.54 (0.2%)| 0.54 (0.1%)
Above 0.49 0.49 (0.1%)| 0.49 (0.0%) 0.51 0.51 (0.2%)| 0.51 (0.1%) 0.52 0.52 (0.0%)| 0.52(-0.1%)
Normal
Below 0.38 0.38 (0.4%)| 0.38 (0.4%) 0.40 0.40 (0.5%)| 0.40 (0.8%) 0.41 0.41 (0.3%)| 0.41 (0.6%)
Normal

Dry 0.38 0.37 €0.9%) | 0.38 ¢0.1%) 0.40 0.40 ¢€0.7%)| 0.40 (0.0%) 0.41 0.40 €0.9%) | 0.41 ¢0.2%)
Critical 0.35 0.35 €0.1%) | 0.35 (0.0%) 0.37 0.37 €0.1%) | 0.37 €0.1%) 0.38 0.37 €0.2%) | 0.37 €0.4%)

Table22. MeanMay Chinook Salmon smolt survival through the Delta urtdeProposed Project and Baseline ConditionsPC8 modeling
scenarios grouped by water year typad Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assumetmant dferences
betweenthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&swiitidonsare in parentheses.

Water Baseline 9A V2A ITP_Spring
Year Type| Conditions| BAFF 0% BAFF 0%
BAFF 0%

Wet 0.50 0.50 ¢€0.2%)| 0.50 (0.1%)
Above 0.43 0.43 €0.3%)| 0.43 (0.0%)
Normal
Below 0.38 0.37 €1.6%) | 0.37 €1.2%)
Normal

Dry 0.32 0.33 (0.4%)| 0.33 (0.5%)
Critical 0.29 0.29 (1.1%)| 0.29 (0.7%)
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Table23. MeanJuneChinook Salmon smolt survival through the Delta urtleiProposed Project and
Baseline Conditions EERIM modeling scenarios grouped by water year tgpe Georgiana Slough
Salmonid Migratory Barrier (BAFF) efficiency assumplBercent dfferences betweerthe Proposed
Project scenarios (9A_V2A and ITP_Spring) and BaSelirdtionsare in parentheses.

Water Baseline 9A V2A ITP_Spring
Year Type| Conditions| BAFF 0% BAFF 0%
BAFF 0%

Wet 0.41 0.41 (0.0%)| 0.41(0.0%)
Above 0.35 0.35(0.1%)| 0.35 ¢0.6%)
Normal
Below 0.29 0.29 ¢0.5%) | 0.29 ¢0.6%)
Normal

Dry 0.29 0.28 €2.2%) | 0.28 (2.7%)
Critical 0.26 0.26 ¢0.2%)| 0.26 (0.4%)

Table24. Mean SeptembetChinook Salmon smolt survival through the Delta urtderProposed
Project and Baseline Conditions EETM modeling scenarios grouped by water year tgpe
Georgiana Slough Salmonid Migratory Barrier (BAFF) efficiency assurRgtioant dferences
betweenthe Proposed Project scenarios (9A_V2A and ITP_Spring) and B&seiitigonsare in

parentheses.

Water Baseline 9A V2A ITP_Spring
Year Type| Conditions| BAFF 0% BAFF 0%
BAFF 0%

Wet 0.40 0.41 (2.5%)| 0.41 (2.7%)
Above 0.41 0.42 (3.4%)| 0.43(5.1%)
Normal
Below 0.37 0.37 €0.4%)| 0.37 (0.6%)
Normal

Dry 0.33 0.33 (0.3%)| 0.33 (0.1%)
Critical 0.32 0.32 (0.2%)| 0.32 (0.3%)

Inherent limitations of ECOGTM introduce some level of uncertainty in the results and could be
responsible for muting potential impacts of the Project and contributing to a lack of differences in
survival between Proposed Project scenarios and Bas@tinditions.Similar to the STARS modeCo
PTM relieon data from acoustitagging studies of large (>140 mhgtcheryorigin CHNLF&molts to
calibratesimulatiors of routing, travel time, and survivabdf juvenile salmorat key Delta junctions
therefore, resultsshould be applied cautiously to pemmolt migrants. Juvenile salmon less than 80 mm
are more likely to rear in the Delta for extended periods of time rather than emigrate quickly from the
Delta Moyle 2002 and will not be represented well lBBCGPTM similar to STARS modeling
Additionally, any nomatal rearingoehavior, as has been observed f6HNWRPAhillis et al. 2018)s not
capturedby ECGPTM.
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ECGPTM has the advantage of a-iBnute timestep (Wang 2019), as opposed to the daily timestep
utilizedin the STARS mod@&érry et al. 2018), and accounts for complex Delta hydrodynamics by using
fine-scale DSMMHYDR@Wang 2019). However, EEOM is only calibrated for the north Delta from
Freeporton the Sacramento Rivéw Chipps Island; therefore, it does not account for impacts associated
with south Delta entrainment (Wang 2019). As a rese@GPTMthrough-Delta survival results likely
underestimae potential impacts associated witthanges in Project exportsimilar tosouth Delta
limitations within the STARS model

5.1.3.3.Conclusions on Througbelta Survival

The STARS and ERTM modeling used HYWRto evaluate Projectelated impacts on througibelta
survival ofuvenileCHNWR and CHNSR generally resulted in minimal changes between Baseline
Conditionsand Proposed Project scenarios. Results from the STARS model aRT B@0Oth showed
minor changes across all months and water year types. HOWBT&RS and EEPMchanges in
survival for certain months and water year types did not alveysstantiateone another For example,
decreases in survival during Octobetefownormal and dry water years and November of critical
water years for Proposed Project scenarios was agpan STARS modeling results but not in £T®!
results. The results from STARS align with DHVMRRG@hat shows an increased proportion of flow
entering the DCC during the same months and water year types. In cofi2GBTM results showed
an increase isurvival forthe ITP_Spring scenario during October of below normal water years. This
type of discrepancy demonstrates the uncertainty associated with modeled thrDedfia survival
estimates.

Model assumptiondimit analysis ofhe full scope oProjectrelatedimpacts that may be experienced by
juvenile CHNWR and CHN&Rin the Delta Due to the inability ofhe STARS0deland ECE&PTM to
estimate rearing presmolt survival as well as incorporate south Delta export effects, changes in survival
between Baselin€onditionsand the Proposed Project scenarios are likely underestimated.
Additionally the STAR8S0deland ECE&PTM are limited to evaluating througbelta survival and do not
allow fora comprehensive assessment of populatiewel impacts of the Proposed Project on CHNWR
and CHNSR.

5.1.4. Effects of Georgiana Slough Salmonid Migratory Barrier on Routing
and Survival

Condition of Approva.11.1requiresDWRto continue to annually install and operate ti@eorgiana
Slough Salmonid Migratory Barrier Project through the duration o4 SWPTP todeter
outmigrating juvenile CHNWR and CHNSR from entering the interior Delta (see SdctigrOperation
of Georgiana Slough Salmonid Migratory Barriggenile CHNWR and CHNB& enter the interior
Delta throughGeorgiana Slough maxperiencemigration delays and further entrainment into ti&vP
and SWP expofacilities, causing an increasejuvenilemortality (Perry et al. 2010 The installation of
the Georgiana SlougBalmonid Migratory Barrierwhich is comprised of a BAFF system spanning the
majority of theriver channelprovides an important deterrerdt the Sacramento Rivé&seorgana
Sloughunction andis expected to provide a higher probability jofzenilesurvival to Chipps Island for
emigrating CHNWR and CHN®Rile the barrier servessaaminimization measure for lonterm
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operations of theProject the barrier could have additional impacts to CHNWR and CHNSR that are
currently not well studied.

DWRwill operate the barrier annuallgo later thanNovember 16 hroughApril 30, and potentially into
May, which coincides with adult CHNWR (November throgdus) and CHNSR (January through
Septembeyf presence in the Delta (DWR 2@28eAppendix A; Winter-run and Springun Chinook
Salmon Temporary Occurrence in the DelMigrating adults that enter Georgiana Slough from the
south may experience increased migration timing during upstream spawning migvetem

encountering the barriercausing amcreased risk of prgpawn mortality Documentation for the
previousBAFRnstallationnotes that the design for the barrier may allow for the passage of larger
sensitive species, like adult Chinook Salmon, with a clearance of at le&stt hétween the barrier

frame and the stream channel bottom (DWR 2615 November2023, DWR installethe BAFF with a
clearance as low as4&ft in some place® reduce impacts on sturgeon (Shahid Anwar, personal
communication,1/2024) However there is a gap in understanding barrier impacts on aGHNWR and
CHNSR; therefor&WRwill conductpilot investigations to evaluate upstream passage of adult CHNWR
and CHNSR to ensure the barrier does not obstruct upstream migr&ioninvestigations include

CDFW involvement and approval to ensure @eorgiana Sloug&almonid Migratory &trier provides
benefits to CHNWR and CHNSR and will not be detrimental to the continued management and recovery
of CHNWR and CHNSR.

Although the intent of theGeorgiana Sloug&lmonid Migratory Barrieis to improve overall juvenile
CHNWR and CHNSR throigta survival, peration of thebarriermay increase juvenile salmon
vulnerability to predation through creation of enhanced predatory fish habitat adjacent to thaiar
barrier components. Preliminary studies tagged predatory fish species and tracked their locations
adjacent to the BAFF aridund that they inhabit the sides of the river (DWR 2012, 201%/hile this
appears to b oppositebehavior of smoljuvenile Chinook Salmahat were trackedmigratingdown

the center of the channedifferent life stages utilize different parts of the river channel and previous
studies have shown that fry are found in the margins of the river (Brandes and McLain 2001; McLain and
Gonzalo 2009), and thus could potentially encounter predatdosvs-are an important factor for
considering travel time through the Delta and probability of encountering a predator. Decreased flows
increase travelitme (Perry et al. 2010) and change environmental conditions, such as decreased
turbidity andincreasedemperatures, which favor predatort.is unknown if theGeorgiana Slough
Salmonid Migratory Barrieattracts a greater number of predators to the site, though it is possible that
the barrier also acts as a deterrent to predators (DWR 20&3)jilot studies, thdBAFRvas found to

deter predators when operatingndthere was ndndication that the structure provideHolding habitat

for predatory fishesOver time, it is possible thatertainspecies opredatory fishes could become
conditioned to thebarrier(DWR 20%a).

It is possible thathe Georgiana Slough Salmonid Migratory Barrier could cause delays in migration of
adult Chinook SalmoiThe operational window of the BARFom November through April, overlaps

with the upstream migration period for CHNVERd, to aminor degree, CHNSRdult Chinook Salmon
canmigrate up Georgiana Slough; however, typically they migrate up the Sacramento River maifhstem
adult Chinook Salmon do encounter the BAREy may be able to navigate under the structure or
around it in theopen water between the barrier and the shore (DWR 2{)24
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Despite the potential for some increased vulnerabitifyjuvenilesto predation and increased migration
timing for adults, the operation of th&eorgiana Sloug&lmonid Migratory Barrieis expected overall
to minimize Project take dEHNVR and CHSR,with benefits of the migratory barrier outweigyng
potential negative impacts.

5.2. Effects of South Delta Export Operations on Entrainment of
Chinook Salmon

Take of juvenilend adultCHNWR and CHNSR in the form of impadétedto entrainmentand salvage
will occur as a result of Projentlated effects on Delta hydrodynamid&ntrainment is the incidental
removal of species in the water diverted by the Project fromEedta andEstuary (Castillo et al. 2012).
Entrainment as a result of Project operations draws in and/or attracts fish and other organisms into
water diversion intakes or areas with reduced habitat quality, ultimately resulting in migratory delays,
reduced fitness, omortality. In the Delta, entrainment occurs primaritythe south Deltat the SWP
exportfacilities (including CCF and the Skinner Pisitective Facility) and the C\V@portfacilities

(Tracy FislCollectionFacility), as well as other smaller water diversion intakéshe SWRexport
facilities, CDFW considetake of Chinook Salmon toccurupon entrance intdCCHia the radial gates
regardless ofhe fate of each fishAltered hydrodynamicsesulting from south Delta exportg CVP and
SWP export facilitiesan alsccause fish to become entrainedvay from their migration route anithto
terminal areas such as the south DgIRMFS 2009; Kimmerer 2008; Grimaldo et al. 2088)jchmay
provideless suitableearing habitat and higher threats of predatiaiuvenile and adulEHNVR and
CHNSRccurring in the Project Area are susceptible to entrainniettt the south DeltaEntrainment of
other organismssuch as primary and secondary producéses (prey items foCHNWR and CHNSR
largely unaccounted for and the magnitudeRybjectimpacts on prey item$o CHNWR and CHNBR
not well understood.

At the SWP export facilities, fish enter CCF through water diversion from Old River. CCF is located near
the town of Byron in the south Delta and consists m&@proximately2,500 acre artificially flooded
embayment that serves as a storage reservoir for the SWP (Clark et al. 2009). During high tide cycles,
when the water elevation in Old River exceeds that of the CCF, up to five radial gates, located on the
southeast corner bCCF, open to divert water from the Delta into CCF. Daily operations of tla¢ radi

gates depend on scheduled water exports, tides, and storage availability with CCF. The Banks Pumping
Plant pumps water diverted from CCF via the intake channel neg@kimner FislProtectiveFacilityinto

the California Aqueduct. Fish entering the CCF must travel approximately 3.4 km to reach the Skinner
FishProtectiveFacility. The Skinner FiBnotectiveFacility was designed to protect figheater than20

mm (0.04 incles)in length or widthfrom entrainment into the Banks Pumping Plant by diveytinem

into holding tanks where they can be salvaged and returned to the Delta. Water is drawn to the Skinner
FishProtectiveFacility from CCF via the intake canal and past a floating trash boom. The trash boom is
designed to intercept floating debris and guide it to an onshore trash conveyor. Water and fish then flow
through a trash rack, equipped with an automated cleaner.ridpgs into the trash rack exclude fish
greaterthan 51 mm(2 inchesjn length or widthfrom entering the Skinner FigProtectiveFacility (CDFG
1981). Fish that move through the trash rack enter a series of louvers arrangéiféipattern andare
behaviorally guided tsalvageholding tanks where they remain until sacrifioedreleased back into the
Delta.All LFS, DS, and Wakasatyigfomesus nipponenisbserved in salvagare sacrificed for
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secondary identification purpose8dditionally, all adipose finlipped Chinook Salmaybserved in
salvageare sacrificed for CWT extractiohill adipose firunclipped Chinook Salmabserved in salvage
arereleased outside of the south Delta unless tlaeg subjected to accidental mortalifiKyle Griffiths,
personal communicatiorn9/2024)

At the CVP export facilities, water is drawn into the Tracy ElectionFacility from the Old River. The
Tracy FisiCollectionFacility was designed to protect figheater than20 mm(0.04 inches) in length or
width from entrainment into the DeltdMendota Intake by diverting§shinto salvageholding tanks

where they can be salvaged and returned to the Delta. Upon entry to the Trad@dishtionFacility,

fish encounter a floating trash deflector boom, much like the trash boom located at the esttarthe
Skinner FislProtectiveFacility. Water and fish then flow through a trash rack with openings averaging
57 mm (2.25 inches) and equipped with an automated cleaner (Reyes et al. 2018). Fish that move
through the trash rack enter the primary channel followed by a series of lotivet&ehaviorally guide
fish into the salvage holdinginksfor processing.

Salvage describes the process of catching and collecting a portion of the entrained fish and transporting
them to release locations outside of the interimnd southDelta(see Sectio®.2.1.2¢ Historical Loss of
Juvenile Chinook Salmorif is hypothesized thaturvival is higher for fish that undergo the salvage
process and are releaseditside of thesouth Deltathan for fishvolitionally migrating through the south
Delta.Studies have suggestdidat once juvenile salmon enter the south Delta, survoa be higher for

fish captured in the Tracy Fish Collection Facility and rereleased more seaward (Buchanan et al. 2013;
Windell et al. 2017). However, little information exists to support this hypothesis and data on post
release survival of salvaged fishscarceThesuggestion that survival is higher through the salvage
processs questionable andighlights the extremeljow survival rate of juvenile Chinook Salmon in the
south Delta, which is hypothesized to result from poor rearing conditions (suldwarefuge habitat

and food availability) and high predation risk (Windell et al. 20Authermore, mly a subset of
salvagedish isquantifiedduring the salvage procesand an even smaller subset of these fish survive

the salvage process. Mortality rates prior to salvage can be high due to predation or poor water quality
conditions, and handling can cause stress and injuries that reduces both short artdrongurviva

Handling and transporting adult and juvenile salmoriidseasestressrelated impairment and

mortality (Raquel 1989; Teffer et al. 2010ook 201520183 2018h. Handling can lead to air exposure

and hypoxia from crowding, which can cause swimming impairment in salmonidsafesse

(Donaldson et al. 2011; Hinch et al. 2019). This impairment nsteageduvenile and adulsalmonids

highly vulnerable to predation. Handling can also cause direct injuries and the removal of the protective
SLIARSNNYIf YdzOdzas 6KAOK AYONBlFasSa |y AYRAGARIZ f Qa
et al. 2018; Reverter et al. 2018yucking juveniles from the salvatgilities in combination with Delta

water operationamay also contributeo adult strayingKeefer and Caudill 201%Vindell et al. 2017)

Longer travel times and lower survival of juvenile Chinook Salmon have been documented in the interior
Deltacompared to the north Delt@Brandes and McLain 2001; Newman and Brandes 2010; Perry et al.
2010; Windell et al. 2017). Survival probabilities have been negatively associated with water exports,
suggesting that water exports affect migration by increasing the risk of entrainmenttiatCVP and

SWP export facilitieand prolonging outmigration timindhowever, many more years of data would be
neededto quantify the export effect (Newman and Brandes 2010; Windell et al. 20heé).

development of théVinter-Run Chinook Salmon Machine Learning (WRGMUOEI, a predictive model
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that can be used to identify when salvage of LAD natoiigin CHNWR may occurtae CVP and SWP
facilities,has provided more insiglmto the relationship between exports and the probability@HNWR
absence in salvage (Gaeta et al. in prep.). Specifically, in the WiRG@MLthe exportsfeature isnot
one of themost importantfeatures contributingo modeloutcomeswhencompared to other features
like water temperature at Sherwood Harbding juvenile naturalorigin CHNWR passage estimate at
RBDD, day of year, apgdsenilenaturalorigin CHNWR catch at Sherwood Hardbmay be the case
that exports, along with other model features relevant3tate and federal natural resource
managementare importantto the routing of juvenile&CHNWR during specific times of yeaunder
certain conditiondut they are notas influential in predictinguvenile CHNWRresence in salvages
features related to CHWR presence in the Delthn other wordsno amount of exports will impact
entrainment when CHNWR are not present in the Ddltee WRCML Model incorporates interaction
effects betweerbiological factors and abiotic factors, e.g., expd@seta et al. in prep.)

The SST (2017) documentttht when juvenile Chinook Salmon are present in the Dalgher
numbers of juvenilesalvagedare associated with more negati@MRflows. Loss at the CVP and SWP
export facilities increases sharply at OMR flam@e negative than5,000 cfs (NMFS 200@reating

less negativelaily OMRlowsis expected taeduce entrainment of CHNWR and CHNSR into the interior
Delta andmayincreaseCHNWR and CHN&Rough-Deltasurvival by reducing their emigration time
through the Delta (see Sectidn2.1¢ Entrainment of Juvenile Chino&almonPerry et al. 2016 The
SST (2017) found thaalvage at both the C\é@d SWRxportfacilitieswasdetermined either directly
by the volume ofcombinedexports or by local hydrodynamconditions strongly influenced by exports
(e.g.,OMR flow) therefore,entrainment risk o CHNWR and CHN&#Ributable to Project operationss
best assessed by evaluating pattern<CtfNWR and CHNS#&tvage athe Skinner Fish Protective
Facility and Tracy Fish Collection Faaliyombined salvage. Currentipmbined salvage from both
facilities provides théestmeans to effectively extrapolate the effects of south Delta SWP export
operations on entrainment c€HNWR and CHNB® the interior and south Delta (Smith 2019).

Sincesouth Delta SWBperations begaiin the late 1960sthe SWP has coordinated operations with the

CVP to maintain Delta water quality and a for@abrdinated Operations greement has been in place

since 1986and amended in 2018y ensure each project retains its portion of the shared water for

export and bears its share of the obligation to protect beneficial UReslémation and DWR 201I3WR

and Reclamation 1995; Arthur et al. 1996). Some facilities were developed for joint use, such as San Luis
RSASNII2ANE hQbSAftf C2NBoleéx FyR Y2NB GKFYy wmnn YAf S
facilities (DWR and Reclamation 1995). Such coordination is increasingly necessary over time to achieve
multiple, mandatory water quality objectives (e.g-1B41)andESA and CEdisted species protections

(e.g., 2019 NMFS BO, 2019 USFW2 &3, SWP ITR)hile optimizing water supply south of the Delta

(Arthur et al. 1996).

Minimization of Project entrainment effects on CHNWR and CHNSR are discussed in Segtion 6.2
Minimization ofProject Effects on Entrainment of Chinook Salrabthis Effects Analysis and include
the implementation of Conditions of Approval required by the 2024 SWP ITP.
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5.2.1.Entrainment ofJuvenile Chinook Salmon

5.2.1.1.Effects of South Delta Export Operations on Juvenile Chinook Salmon

Human modification of the Delta has resulted in a channel network that no longer operates across
predictable gradients for native fish and provides unnatural cues and routes for migratiorASEEI

2014; Windell et al. 2017). Migration corridors and regrirabitats near water diversions increase the

risk of entrainmentrelated mortality for juvenile Chinook Salmon (Windell et al. 2017). Juvenile salmon
entrained into the south Delta experience a diminished ability to navigate out towards the ocean due to
confusing navigational cues from altered hydrology, changes in channel network configuration and
water quality gradients, and impairments to sensory systems from contaminants (Windell et al. 2017).
Export effects in the south Delta are expected to reduce the probability that juv@hileook Salmom

the south Delta will successfully migrate out past Chipps Island through entrainment mataity

CVP and SWéxport facilities, or changes to migration rates or routes that increase residence time of
juvenile Chinook Salmoin the south Deltawhich carincrease exposure time to agents of mortality

such as predators, contaminants, and impaired water quality parametees$ection.1 ¢ Effects of

South Delta Export Operations on Rearing, Routing, and Survival of Chinook; ¢ 2019aNet

OMR flows provide a surrogate indicatufrthe influencethe south Delta expogthaveon

KERNRReyYyl YAOa Ay (KS &2dzikK 5Sf il dyas&Sulttoigp Ol Qa
factors including infw, tides, and the amount of water being exporté&epending orthe extent of

these hydrodynamichanges CHNWR and CHNSR residence time in the intamw south Delta may
change which may increase or decreaGeINWR and CHNE&#posure to predatiotor other locaized
stressors (NMFS 29a). The largest effect of exports on Delta hydrology is seen in Old River (SST 2017)
and effectslikely lessenwith distance from the CVP and SWP export facil{tzzsvallo et al. 20150s
indicated above, igher numbers of juvenile Chino&lmon are salvaged during periods of more

negative OMRlows (SST 2017Kimmerer (2008jound similar patternsof highsalvage of hatchery

Chinook Salmon frortihe Sacramento Riverssociatedvith increasing export levelslowever.exports

may plg less of a role in entraining juvenile Chinookn8m when outflow from the San Joaquin River is
high.During wet water year typesCVP and SW&Xporting atfull capacitymay still yield positiv®©MR

flowsif San Joaquin River flows are high enough to offsehtftrodynamic effect of exports (NMFS
2019a).

Although juvenile CHNWR and CHNBSRXhibit some swimming behavior in the Dettaditional

particle tracking modelindP(TM of neutrally buoyant particlesan providesome indication of hovthe
CVP and SWP export operatiaml changes in OMRipactjunction routing and entrainment risk into
the interior and south DelteBBased orPTMsimulation of particles injected at the confluence of the
Mokelumne River and the San Joaquin Roggrducted to support th009 NMFS BQ@he risk of

particle entrainment early doubles from 10 to 20% as net OMR flowsreasdrom -2,500 cfs to

3,500 cfs, and quadruples to %at -5,000 cfs (NMFS 2009). @MRflows more negative tharb,000

cfs, the risk oparticleentrainment increases at an even greater rate, reaching approximately 90% at
7,000 cfsPTM simulations shotie risk of entrainmenincreases considerably with increasingVP and
SWPRexports, as represented by net OMR flows (NMFS 2009). Thus, the juskmife CHNWR and
CHNSRntrainment into the south Delta channels is increased when OMR flows become more negative
(NMFS 2009Recent PTMimulationsobtained fromDWR AP ApplicatioiDWR 2023fand

subsequent coordination witbWRshow similar correlations between OMR flows and particle faies
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both neutrally buoyaniand surfaceoriented particlesLess negative OMR flows result in greater
proportions of particles exiting the Delta past Chipps Island and lower proportions of particles entrained
at the CVP and SWP export facilitissgAttachment5, AppendixAto the 2024 SWP IJPHowever,
correlations may be less strong than thasgginallydescribed in the 2009 NMFS BO duehanges in

south Delta CVP and SWReagtions and OMR Management following the 2009 NMFSCR(a utilized

in PTM analses included in the 2009 NMFS BO were collected prior to implementatiooddérnOMR
Management suggesting that instances of negative OMR flows were likely more frequent and greater in
magnitude compared to data collected once OMR Management was impleméoiteding the 2009

NMFS BO

CHNWR an@HNSR that are exposed to tgdrodynamic changes the waterways immediately

adjacent to theCVP and SWP expdacilitiesare expected to have reduced migratory success.
Increased negative flownmmmediately adjacent to the intakes of CCF decrease the probabiliyerile
CHNWR and CHNB&Ing able to alter course and successfully exit the Delta, although the magnitude of
this effect is currently unknown due to a lack of datefine-scale fish movement behavior and survival

in reaches under export effect3 his is particularly important for CHNSR that originate in the San
Joaquin RiveBasin and enter Old River. These fish migrate downstream in either the Old River, Middle
River, or Grant Line/FabigBell channels. All three channels have considerable exposure to the effects
of exports. Tie Old River and Grant Line/FabiBall channels pass directly in front of or in very close
proximity to the intakes for the CVP and S@4port facilities Alarge proportion of fish moving through
these channels are expected to be entrained ietther the Tracy Fish Collection Facility or Skinner Fish
Protective Facilitywhere high levels of mortality are expected. The Middle River joins with the man
made Victoria Canal/North Canallaage, dredgeathannel directly leading to theVP and SWéXport
faciities, and net flows move towards the export facility intakes under most conditions (NMF§)2019

During times ofricreasedSWPsouth Delta exportsasobservedin Table €19 and Table €20for

Proposed Project operations in April and Mingreased CCF inflovase requiredto deliversufficient
volumes of water to Banks Pumping Plant. Water elevatid@CHks drawn down to a greater extent

with increased pumping rates during times when CCF radial gates are closed. When the gates reopen
following the peak of high tide, there will be a greater difference in hydrostatic pressure between the
Old River corridorrad water elevation in CCF, resulting in higher velocity of flows entering the CCF.
Increased velodiesthrough the radial gates may entrain more CHNWR and CHNSR into CCF (NMFS
2009). Onlyoneout of four or five juvenilesalmonidsare estimated to surviveheir transit through CCF

to Skinner Fish Protective Facility mainly due to hegiels ofpredationwithin CCKNMFS 2009)

CHNWR ahCHNSR present in the OMR corriead their distributaries downstream of the CVP and
SWP export facilitiealso experience negative impacts on migration and routing duedeased net

flows towardsthe export facilities IncreasedCVP and SWéXports mute the ebbing tide signiddat cues

fish to nove out ofthe OMRcorridor and back into the main migratory corridor of the San Joaquin River
and insteadoutes fishfarther southinto waters that are more heavily influenced by the effects of
reverseOMRIflows due to exportsEntrainmentinto the CVP and SWékportfacilitiesis a risk for
juvenileCHNWR an@HNSR originating in the Sacramento RBasin as well as CHNSR originating in

the San Joaquin RivBasin and migrating downstreathrough the Deltg NMFS 2018).
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5.2.1.2.Historical Loss of Juvenile Chinook Salmon

G[2aa¢ Aa | GSNY dzaSR (2 NBFSNI 2 (GKS SAaCKPYlI G§SR y
and SWEexportfacilities as they go through the salvage process and is estimated based on the number

of salvaged fish (fish observed within tbalvagefacilities) andbther factorsrelated to facility efficiency

and mortality associated witish handling. Loss alculatedfor each run of Chinoo&lmon thatis

observed at thesalvag€dacilities.Chinook 8lmon are identified as naturalrigin or hatchery-origin

0lFlaSR 2y (GKS LINB&aSyOS 2N I 6aSy0S 2GWTkifalllcigped2 84S T A
fish areprocessedo determinerun. Therun of unclipped fish iitially determined by the Delta Model

LADcriteria (USFWS 199ahd then confirmed through genetic analysisfin clips taken during the

salvage proces§&enetic analysisf all unclippedifaturatorigin) older juvenile Chinook Salmbmwas

conductedin season to inform OMR Managemdrdtweenwater yeas 2016and 2019 andthen

continuedin water years 2022 and 2028 supportMinor Amendments 6 and 8 of the 2020 SWP ITP

(CDFW 2023a, 202BI9ngoing &orts to perform genetic analgs on older juvenile Chinook Salmon

haveled tothe development of yenetic CHNWR database that was availabl@i$erin this Effects

AnalysifDWR et al. 2023)

The salvage procesar the SWP starts with fish entrainment into CCF and proceeds with fish moving
through CCF until they enter the Skinner HilotectiveFacility where they are collected in holding

tanks. A screened subsample of fish that reach the salvage tanks are colippredimatelyevery two
hours and the total fish salvad@er sampling period is calculated by expanding the number of fish
salvaged by the fraction of time that diversions were sampled. Fish losadbrsampling periois$
calcubted based on the standard loss equatfon Chinook Salmo(seeAttachment8 to the 2024 SWP

ITR CDFW 2018 Daily salvage and loss are the cumulative sfitass for each samplinggeriod that
occurred in that day (NMFS 2(H)9After this stage, fish are transferred to tanker trucks and driven to
release sites in the western Delta and released back into the Sacramento or San JivagsiAt the

CVP, the fish salvage process starts with fish encountering the trash rack on Old River in front of the
primary channel, and then progressing through the salvage pratabhg Tracy Fish Collection Facility
until the salvaged fish are ultimately released at the release sites, similar to the process at the Skinner
FishProtectiveFacility (NMFS 20a9 Data collected on juvenile Chino8mon at both the Skinner
FishProtectiveFacility and the TradyishCollectionFacilityduring the salvage paess are combined at

the end of each daypataarethen used by both DWR and Reclamation to determine the total daily loss
of each run of juvenile Chino@almon. Combined loss of juvenile Chinékmon can helpnform the

total entrainment and loss that is occurring in the south Delta due to operatio@%/& and S\WéXxport
facilities.

Each step in the salvage process is associated with a different rate of mortality. CCF has a high mortality
rate of juvenile Chinookalmon due to predation by fish and birds (Clark et al. 20@&)soccurringin

/1 C A& G(-5QANSE8y ddsRuleddo b&S5pokathe SWPfacility, while pre-screen loss at the
CVHacility occurs betveen the trash racks and primary channel andssumed to benly 15% éee
Attachment8 to the 2024 SWHRTE, CDFW 2018Prescreen loss at CCF only accounts for predation
mortality and does not include potential lethal impacts fraguatic weed and algal bloom maintenance

3 Older juvenile Chinook Salmon is defined as any Chinook Salmon meaborexithe minimum length for
CHNWR, according to the Deltdel LAD criterigUSFWS 1991sed to assign individuals to run.
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in CCKsee Section 8.¢ Effects of Maintenance at Clifton Court Forebay on Chinook Saldwrenile
ChinookSalmon also experience mortality at the louvetsrmedd 8 ONS Sy Ay 3 ¢ Evhde® S ND
fishare screenedrom entering Banks Pumping Plant at SWE &V .Bill Jones Pumping Pla@Jones
Pumping Plantit CVP.Screenindlouver)efficiency is dependent upon the size of the fish as well as the
water velocity through the louveséeAttachment8 to the 2024 SWP ITEDFW 2018 Fish that are
salvaged at the Skinner FiBhotectiveFacility and the Tracy Fi§lollectionFacility may also experience
loss during the handling, transpoend release process. The loss equation assumes that fish 2100 mm
and smaller experience a 2% mortality ratdile fishgreater than D0 mm experience a maoality rate

of 0% durindhandling, transport, and releagseeAttachment8 to the 2024 SWP ITEDFW 2018

Mortality rates used in the loss equation have not been updated since 2003, and more recent studies
have showrhigher rates of losduring the salvage proces®r example Wunderlich (2015) reported
pre-screen losgs high a81.14% at SWP. Additionally, the loss equation does not consider the
condition and survival of fish pestlease(see Sectios.2.12 ¢ AlternativeLoss Estimation Pilot Study
Condition of Approval.9.1). The salvage procesacluding handling, transport, and releasan result

in increased stress, dermal injury, increased risk for disease contraction, disorierftdlinving

release, predation during transpoaindat release sites, and delayed mortalijandling and transport
stress induced mortality is difficult to document in juvenile Chinook Salmon, as these fish are typically
unable to be monitored postelease. Raquel (1989) examined the effects of handling and trucking of
fish collected at the Skimm Fish Protective Facility and the Tracy Fish Collection Facility. At tineSki
Fish Protective Facility, low levels of immediate mortality of juvenile Chinook Salmon were observed
with over 98% survival during the study peribtbwever, Raquel (1989) notksv levels of immediate
mortality were biased low because they do not account for undocumented mortality following release.
At the Tracy Fish Collection Facility, 57% of juvenile Chinook Sshivagedcand transported died

shortly after releaseln addition tomortality, collection and transportation casmsocause interrupted
olfactory imprinting of juvenile salmon during migratjomhich carlead to increased adult straying rates
(Keefer and Caudill 2014

The estimatedloss at theCVP and SWP salvdgeilities does not fully represent take of listed species
under theCESA. Specifically, CDFW considdes ofjuvenile Chinool&almonto occurwhen they enter
the radial gates at CCF, regardless of whether they survive the salvage and release pduigsaally,
no fish salvage occuduring plannednaintenanceoutagesat the Skinner Fish Protective FacjlBCF,
and Banks Pumping Plaandany fish remaining in C@fay perish and not be accounted farsalvage
These maintenance outages can occur multiple times aipearding during the period of juvenile
outmigration for CHNWR and CHNSR.

OMR Management measures under the 2024 SWP ITP are based on genetic identification of CHNWR and

CHNSRbserved in salvagdowever the following sections includanalyses of LAD CHNWR and CHNSR
due to thelimited availabilityof the CHNWR and CHNSR gersgticage datéseeCDFW 2024b for more
information).

5.21.2.1. Historical Loss of Winterun Chinook Salmon

Entrainment primarily affectsnigratingsalmonids during their juvenildfe stages although adult

salmonids have been documented in salvage at bothQk® and SWéXport facilities(seeSection 5.2.2

¢ Entrainment of Adult Chinook Salmo®alvage data of Chinook Salmon collected at the CVP and SWP
exportfacilities from water yearé993through 2022 were summarized from the CDFW-Baita
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Region salvage database (CDFW 2paRd loss was calculated using the Chinook Salmon loss equation
(seeAttachment8 to the 2024SWP ITRCDFW 20180 evaluate historical loss @ADhatcheryorigin

and naturadorigin CHNWR. The Delta Model LAD criteria (USFWS W@8g)sed to identify juvenile
LADCHNWR at the CVP and SWP export facilkieslescribed in Section 5.2.1.2 abpraturatorigin

and hatcheryorigin CHNVR were classified based time presence or absence of adipose fin

6adzy Of A LILISR¢ ag@dolneizted itithefsdlvadel8atabaBppedCHNVR were

characterized as hatchegyrigin andunclippedCHNVR were characterized as natwaigin. Although

the presenceor absence of &€WTwould be a more precise way to verify a hatchengin designation,

data limitations precluded the use &WTgo determine CHM/R originfor this evaluation

Loss was also evaluated for geneticédigntified naturalorigin CHNWR. The geneticaliigntified
naturatorigin CHNWR database for water years 2010 through 2022 was consolidated by DWR,
Reclamation, and CDF\DWR et al. 2023 A collaborativejuality assirancefquality control (QA/QQGQ

process was conducted by DWR, Reclamation, and CDFW to prepare the genetic database for use in the
development of the naturabrigin CHNWR annual loss threshold (see Seétidis Condition of
Approval8.4.3 and naturalorigin CHNWR weekly distributed loss thresholds (see Se@on

Condition of Approvas.4.4 for OMR Management. However, there are caveats to the genetic database
for water years 2016 and 2019. Water year 2016 observed loss is potentially inaccurate given
unprocessed Chinook Salmon genetic samples of unknown sample size. Water year 2019 observed los
for both the genetic and LAD database is also potentially inaccurate due to Chinook Salmon
enumeration issues at the Tracy Fish Collection Facility. For additional information on data sources and
limitations seeCDFW (204b).

Figure7 shows the annual historical loss of juvenile LAD natorigin and hatcherprigin CHNWR

combined for water years 1993 to 2022. Annual loss of juvenile LAD CHNWR was very low in 1997 (634
fish), then gradually increased and peaked in water years 2002@0w (29,564 fish and 27,097 fish,
respectively), followed by a sharp decline in 2005 (5,337 fish). After water year 2005, loss was relatively
steady until declining substantially after water year 2011, reaching a low of 320 fish in 2015. Since water
year2015, loss increased to a small peak in 2019 (2,301 fish) and then decreased again in 2020 to an all
time low (291 fish). Loss of LAD CHNWR was relatively low in water years 2021 (338 fish) and 2022 (466
fish), as well. The years with lowest loss wereewgears 2014, 2015, 2020, 2021, and 2022. In water
years 2014 and 2020, there was more natwagin CHNWR loss compared to hatcherigin loss. In

contrast, water years 2015, 2021, and 2022 saw a greater amount of hatohigiy CHNWR loss than
natura-origin lossHatcheryorigin and naturabrigin JPEs were incorporated irfi@ure? for

comparative purposeandsuggest that when JPE numbers are IDADCHNWR detectiom salvage

may be limited However,when JPE numbers are higher this does not necessarily indicate there will be
highLADCHNWR observations in salvaG&FWdid not conduct an analysis to test for a relationship
betweenLADCHNWRnnual loss andPEhumbers in this Effects Analysi®ss of genetically identified
naturatorigin CHNWR tends to increase with JPE since 2010. However, this relationship is not
significant, likely due to high variability in both JPE and loss as the species continues to aeulizle

as low sample size (i.e., §8ars.

Loss at the CVP and SWP export facilities is typically lower in drier years compared to wetter years.
Water year 2020 was classified as dry and water years 2021 and 2022 were classified as critical, which
matches the pattern of loss during these yedrkis contrast is likely due to declines in juvenile CHNWR
throughDelta survival from poorer river conditions in drier years, resulting in fewer fish detected in
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monitoring or observed in salvage in those years. LAD CHNWR loss for water years 2021 and 2022 also
corresponds with low naturadrigin CHNWR JPE values (see Sedtib@¢ Population Status and
Trends;Figure3). Naturatorigin CHNWR egg-fry survival was only 2.6% and 2.@%water years 2021
and 2022, respectivelfyA(R PWT 2022, 2023n addition to low historical egm-fry survival, the decline
in LAD CHNWR loss observed since 2009 may also be attributed to the implementatioA@#he
NMFSBiological Opiniothat includedRPA Action IV.2@&esigned taninimize entrainment and loss of
CHNWR by restricting OMR flows toless negativevhen a daily loss density trigger was exceeded
(NMFS 2009}t is also worth noting that Harvey and Stroble (2013) found that about 41% of LAD
naturatorigin CHNWR observed in saleag migration years2004 and 2006 to 2010 were genetically
identified as noAICHNWR, whicimdicates that LARBun identificationcaninflate naturatorigin CHNWR
loss when there are potentially lower numbers of CHNWR in the system or in the population.
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Figure7. Juvenile LADaturatoriginandhatcheryorigin CHNWRannual bssat the CVP and SWP export
facilities for vater years 1992022 (top) and CHNWRatcheryorigin and naturabrigin JPEfor water
years 1992022 (bottom corresponding to brood years 192921).

Historically, juvenilé ADnaturatorigin and hatchernprigin CHNWR have been observed in salvage from
December through Jun&vith most loss occurringetweenDecemberand April (Figures3-14). However,

4 Migration year is defined by Harvey and Stroble (2013) as September of the previous year through August of the
specified year. For example, migration year 2010 would span from September 2009 through August 2010.
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losshas historically been highest in January through Makilgrating juvenile CHNWR typically finish
exiting the Delta in late May (del Rosario et al. 20@®refore, loss of juvenild ADCHNWR in May and
even more so, idunehavegenerallybeenvery low. Loss of juvenileADnaturaloriginand hatchery
origin CHNWR in May only occurred in 10 of theafier yearsanalyzed while loss of juvenileAD
CHNWR during June only occurredavater year2003and included only naturadrigin fish

It is important to note that hatcherprigin CHNWR releases from LSNFH do not occur in December and
the earliest releasekistorically have not occurredintil late January. All LAatcheryorigin CHNWR
observed in salvage in December and most LAD hataregin CHNWR observed in salvage in January
are not true CHNWR and are likely hatcherigin CHNLFR released from CNFH that were classified
incorrectly as CHNWR using the DeltaddloLAD criteria (USFWS 1997). SBEW (2024Hpr more

details on desigrtion of hatcheryorigin and naturabrigin Chinook Salmon observed in salvage.
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Figure8. Juvenile LADaturaloriginand hatcheryorigin CHNWRnonthly lossin Decembeat the CVP
and SWP export facilities forater years 19922022.
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Figure9. Juvenile LADaturatoriginand hatcheryorigin CHNWRnonthly lossin Januanat the CVP and
SWP export facilities forater years 19932022.
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Figurel0. Juvenile LADaturalorigin and hatcheryorigin CHNWRnonthly lossin Februaryat the CVP

and SWP export facilities forater years 19922022.
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Figurell. Juvenile LADaturatoriginandhatcheryorigin CHNWRnonthly lossin Marchat the CVP and

SWP export facilities forater years 19932022.
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Figurel2. Juvenile LADaturaloriginandhatcheryorigin CHNWRnonthly lossin Aprilat the CVP and

SWP export facilities forater years 19932022.
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Figurel3. Juvenile LADaturaloriginandhatcheryorigin CHNWRnonthly lossin Mayat the CVP and
SWP export facilities forater years 19932022.
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Figurel4. Juvenile LADaturatoriginandhatcheryorigin CHNWRnonthly lossin Juneat the CVP and
SWP export facilities forater years 19932022.

Geneticallyidentified naturatorigin CHNWR are more rare in salvage compared to LAD CHNWR because
LAD CHNWR can include other run types of Chinook Salmon that fall int&E@HNWR size category.
Figurel5shows the annual historical loss of juvenile genetiddigntified naturalorigin CHNWR for

water years 2010 to 2022. Zero loss of genetieidigntified naturatorigin CHNWR occurred in water

years 2015, 2017, and 2022. Very low loss occurred in watard021 (4 fish) from one salvage event in
March.Loss was also low in water years 2014 and 2016 with loss occurring on ten days in water year
2014 (48 fish) and only two days in water year 2016 (11 fl$1®.highest amount of loss occurred in

water year 2011 (1,470 fishihich is consistent with the highest recorded loss of LAD CHNWR between

water years 2010 and 202Eigure?).

125



1500

1000

500 4

Genetic CHNWR Loss

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Water Year

Figurel5. Juvenilegeneticallyidentified naturalorigin CHNWRnnual bssat the CVP and SWP export
facilities for vater years 201e2022.

Historically, loss of geneticaligientified naturatorigin CHNWR has occurred between December and

April, with the highest loss observed in March (Figu®20). Loss occurred in December in water years
2010, 2011, and 2013 but has not occurred in recent years. Loss has occurred more frequently in March
compared to other months (9 out of 13 water years) and the highest amount of monthly loss occurred in
March ofwater year 2011 (1,010 fish). In more recent water years (ZIA), loss has occurred more
frequently in April, albeit in small numbers (between 9 and 39 fish).

To minimize future entrainment and take of CHNWR under the 2024 SWP ITP, CDFW requires
minimization in the form of Conditions of Approval (see Sectigivnimization of Take and Impacts of
the Taking on Winterand Springrun Chinook Salmon).
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Figurel6. Juvenilegeneticallyidentified naturalorigin CHNWHRnonthly lossin Decemberat the CVP
and SWP export facilities ferater years 20162022.
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Figurel?. Juvenilegeneticallyidentified naturalorigin CHNWHRnonthly lossin January at the CVP and
SWP export facilities favater years 20162022.
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Figurel8. Juvenilegeneticallyidentified naturalorigin CHNWHRnonthly lossin February at the CVP and
SWP exportacilities forwater years 20162022.
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Figurel9. Juvenilegeneticallyidentified naturalorigin CHNWHRnhonthly lossin March at the CVP and
SWP export facilities favater years 20162022.
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Figure20. Juvenilegeneticallyidentified naturalorigin CHNWHRnonthly lossin April at the CVP and SWP
export facilities fowater years 201€2022.

5.2.1.2.2 Historical Loss of Sprinagin Chinook Salmon

Entrainment primarily affects migrating salmonids during their juvenile life stages although adult

salmonids have been documented in salvage at both the SWP and CVP export facilities (see Section 5.2.2
¢ Entrainment of Adult Chinook Salmon). Salvage data of Chinook Salmon collected at the CVP and SWP
export facilities from water years 1993 through 2022 were summarized from the CDFIDERay

Region salvage database (CDFW 2p2a2d loss was calculated using the Chinook Salmon loss equation
(seeAttachment8 to the 2024SWP ITRCDFW 201080 evaluate historical loss of LAD hatcherigin

and naturalorigin CHNSR. The Delta Model LAD criteria (USFWS 1997) were used to identify juvenile
LAD CHNSR at the CVP and SWP export facilities. As described in Section 5.2.1.2 abowgigimatural

and hatcheryorigin CHNSR were classified based on the presence or absence of an adipose fin
O0adzy Of ALILISR: @OSNEdAzZA G Of ALIWISREV |4 R20dzYSyYyidSR Ay
characterized as hatchegrigin and unclipped@HNSR were characterized as natorajin. Although

the presence or absence of a CWT would be a more precise way to verify a hatdbarylesignation,

data limitations precluded the use of CWTs to determine CHNSR forigitis evaluation

Loss was also evaluated for geneticédigntified naturalorigin CHNSR. Loss data for genetieally
identified naturatorigin CHNSR was available for water years 2017 through&@2®as consolidated

by DWR and CDFIDWR and CDFW 2033Water year 2019 observed loss for both the genetic and
LAD database is potentially inaccurate due to Chinook Salmon enumeration issues at the Tracy Fish
Collection Facility. For additional information on data sources and limitation€ B&&V (2024b)

Figure21 shows the annual historical loss of juveriikDnaturaloriginand hatcheryorigin CHNSR
combinedfor water years 1993 to Z2. Annual loss of juvenileADCHNSR peaked\ater year1999
(128,173fish), followed by a sharp declinewater year2001 @1,395fish), and continueda negative
trend with very low numbers during drought years 2062016 @,684fish in 20122,511fish in 2013,
356fish in 201477 fish in 2015, an@58fish in 2016). Peaka LAD CHNSR Ias® observedn wet

water years2011 and 201753,297fish and73,799fish, respectively)Greater combined CVP and SWP
exportsin thesewater years(2011: 6.68 MAF; 2017: 6.46 MAdS)compared to the Tgyear rolling
average (2011 rolling average: 5.45 MAF; 2017 rolling average: 4.87 Diig Stewardship Council
2024)may have resulteth more negative OMRows early in the year before high flows moved through
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the Deltg whichcould explain higher rates of loss becatisese hydrologic conditionare expected to

increase entrainment and salvage of juvenile Chinook Salmon and reduce survival in some reaches in the
interior Delta (SST 2017). Loss of LAD CHNSR has continued to decline each year since water year 2017
for a low of 669 fish in water ye2022.Low numbers of adult CHNSR and poor qualistieam rearing
conditions in tributaries during drought yeaase likelycontributing factosto the low numbers 6

CHNSR observed in salvagee( Section 4.2.2 Population Status and Trendd is not possibldo

determine if the declines in loss adeie to lower proportions of CHNSR being entrained or due to

population declinesthough development of a CHNSR JPE and life cycle model should provide further
insighton this issue (see Sectiéil.4 Conditiors of Approval7.9.3 and 7.9 The years with lowest

loss were water years 2014, 2015, 2016, 2021, and 2022. In water years 2014, 2015, and 2022 there was
more naturalorigin LADCHNSR loss compared to hatcherigin lossWater years 2014 and 2015 had
hatcheryorigin loss of less than ten fish. In contrast, water years 2016 and 2021 saw a greater amount

of hatcheryorigin CHNSRss than naturabrigin lossFor water years 2014 and 2022, CDFW released

part ofthe FRFH CHN®Roduction in the San Pablo Bdye to poor inriver conditiong RMPC 2024).
Additionally, in water year 2022]I constant fractional marking for FREHNSRvas reduced to 50%

(CDFW 2022bYhe reduced number of iriver CHNSR hatchery releases as well as the lower proportion

of constant fractional marking may have contributed to the higher proportiomnefippedLAD CHNSR

loss in water years 2014 and 2022.

The Delta Model LAD criteria (USFWS 1997) used to calculate loss of LAIh&l&Eh shownto be
less accurate for juvenile CHNSR compared to other runs of juvenile CRaioan(see Section 4.4
Importance of Life History Diversity for Chinook Salmbtayvey and Stroble (2013) found that 95% of
the LADCHNSR sized fishserved in salvage at the CVP and SWP export facilities in migration years
2004 and 2006 to 201Wwere genetically CHNFR. Therefore, loss of CHNSRG@V#hand SWP export
facilitiesis likelymuchlower than what is represented ligures22 through29. However, YOY CHNSR
can also benisidentified as CHNFR using elta ModelLAD criteriaand, thus, arenot includedin LAD
CHNSRssnumbers (seeéection6.2.8 Condition of Approvas.4.5. It is unknown to what degree

these two factors contribute to uncertainty in historical LAD CHNSR loss numbers.
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Figure21. Juvenile LADaturaloriginandhatcheryorigin CHNSRnnuallossat the CVP and SWP export
facilities for vater years19932022.
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Historically, juvenilé.ADhatcheryorigin and naturabrigin CHNSR have been observed in salvage from
January through June, with peak loss occurring from March through(Mayres23-28). Salvage of
juvenileLADCHNSR observed outside of these motttas beerrare; however, loss ofnaturalorigin
juvenile CHNSR was obseng@dOctober 15, 199{Figure22) andSeptember 26, 200(Figure29). Both
fish observed in these instances were classified as yearling Gl $®their large size@85 mm and
240 mm, respectively).oss in Januatyas beervery lowand only observeih four out of 30 water
yearsanalyzed (20022004 and 2011)All historicaLAD CHNSBss in January has been natuoaigin
CHNSRAgure23). Losof LAD hatcherprigin and naturabrigin CHNSR Junewas also very low;
however, there were threewater yearsanalyzedwith loss surpasag 5,000 fish (1995, 2011, and 2Q17
Figure28). It is important to note that hatcherprigin CHNSR releases from FRFH do not occur in
February and the earliest releadeistoricallyhave notoccurreduntil early MarchSomelLADhatchery
origin CHNSR observed in salvage in Febmasynot betrue CHNSR and could be hatcherigin
CHNWR released from LSNFH that were classified incorrectly as CHNSR using the Delta Model LAD
criteria (USFWS 199Alternatively these LAD hatchergrigin CHNSBouldalsobe yearling hatchery
origin CHNSR that delayed their outmigration. S8W (2024br more details on designation of
hatcheryorigin and naturabrigin Chinook Salmon captured in salvage.
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Figure22. Juvenile LABDaturaloriginand hatcheryorigin CHNSRhonthly lossin Octoberat the CVP
and SWP export facilities forater years 19922022.
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Figure23. Juvenile LADaturalorigin and hatcheryorigin CHNSRhonthly lossin January at the CVP and
SWPexport facilities for vater years 19932022.
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Figure24. Juvenile LADaturalorigin and hatcheryorigin CHNSRhonthly lossin February at the CVP
and SWP export facilities forater years 19922022.
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Figure25. Juvenile LADaturalorigin and hatcheryorigin CHNSRionthly lossin March at the CVP and
SWP export facilities forater years 19932022.
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Figure26. Juvenile LADaturaloriginandhatcheryorigin CHNSRonthly lossin April at the CVP and
SWP export facilities forater years 19932022.
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Figure27. Juvenile LADaturalorigin and hatcheryorigin CHNSRhonthly lossin May at the CVP and
SWP export facilities forater years 19932022.
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Figure28. Juvenile LADaturalorigin and hatcheryorigin CHNSRhonthly lossin June at the CVP and
SWP export facilities forater years 19932022.
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Figure29. Juvenile LADaturaloriginand hatcheryorigin CHNSRhonthly lossin September at the CVP
and SWP export facilities forater years 19922022.

Geneticallyidentified naturatorigin CHNSR loss data can provide estimates of natdgih CHNSR loss

to compare with LAD CHNSR loss; however, genetic data were not available for watéi9@&40s

2016 for comparative purposes. Total loss of genetiddéytified naturalorigin CHNSR is much lower

than that of LAD CHNSR. As mentioned above, LAD CHNSR loss can include other run types of Chinook
Salmon that fall into the CHNSR LAD size categGmyre30 shows the annual historical loss of juvenile
geneticallyidentified naturatorigin CHNSR for water years 2017 to 2022. Loss of genetdsilyfied
naturatorigin CHNSR occurred in all years, though water years 2017 and 2018 had much hig@@2loss (
fish and 209 fish, respectiv@lgompared to more recent years. The relatively high loss of genetically
identified naturatorigin CHNSR in water year 2017 mirrors that of LAD CHNSR. Very low loss occurred in
water year 2021 (4 fish) from one salvage event in May.
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Figure30. Juvenile geneticallidentified naturalorigin CHNSR annual Iegsthe CVP and SWP export
facilities for vater years 20172022.

Historically, loss of geneticaligentified naturalorigin CHNSR has occurred between January and July,

with the highest loss observed in April and MBigures31-37). Water year 2017 was the only year

when losswvas observedn February, June, and JulRor geneticallydentified naturatorigin CHNSR,

juvenile CHNSR include both YOY and yearling size classes, whereby the yearling size class includes fish
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sized greater than the maximum Delta Model LAD crit@gidFWS 19979r CHNSRViost genetically
identified naturalorigin CHNSR were of YOY size; however, one yearling was observed in salvage in
January 2022 for a total loss of 2.60 fiBig(re31). It is important to note that, although not included in
this analysis, salvage of three yearlgiged geneticalljdentified naturatorigin CHNSR was observed in
December of water year 2023, which confirms the presence of yearling natugat CHNSR ithe

Delta during December (DWR 2@23

To minimize future entrainment and take of CHNSR unde @z SWP ITEEDFW requires
minimization in the form of Conditions of Approval (see SectiqiMinimization of Take and Impacts of
the Taking on Winterand Springun Chinook Salmon).
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Figure31. Juvenilegeneticallyidentified naturalorigin CHNSRhonthly lossin Januaryat the CVP and
SWP export facilities forater years 20172022.
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Figure32. Juvenilegeneticallyidentified naturalorigin CHNSRhonthly lossin February at the CVP and
SWP export facilities forater years 20172022.

134



[ w
o o

Genetic CHNSR Loss
=

2017 2018 2019 2020 2021 2022
Water Year

Figure33. Juvenilegeneticallyidentified naturalorigin CHNSRnhonthly lossin March at the CVP and
SWP export facilities forater years 20172022.
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Figure34. Juvenilegeneticallyidentified naturalorigin CHNSRnhonthly lossin April at the CVP and SWP
export facilities for vater years 20172022.
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Figure35. Juvenilegeneticallyidentified naturalorigin CHNSRhonthly lossin May at the CVP and SWP
export facilities for \ater years 20172022.
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Figure36. Juvenilegeneticallyidentified naturalorigin CHNSRhonthly lossin June at the CVP and SWP
export facilities for vater years 20172022.
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Figure37. Juvenilegeneticallyidentified naturalorigin CHNSRhonthly lossin July at the CVP and SWP
export facilities for vater years 20172022.

5.2.1.3.SalvageDensity Method

DWRused the SalvagBensity Methodn the ITPApplication(DWR 2023fjo evaluate potential

differences in entrainment loss of naturatigin CHNWR and CHNSR at the CVP and SWP export facilities
between Baseline Conditions and ttveo Proposed Projedcenarios [TP_Spring and 9A_ V2A). For the
three scenarios, modeling outputs from CalSim 3, and subsequently DSM2, were used as inputs to the
SalvageDensity Method See Section 54 Effects of South Delta Export Operations on Rearing, Routing,
and Survival of Chinook Salmon for additional information on modeling of Baseline Conditions and
Proposed Project scenarios in CalSiim8deling results discussed below are based on information

CDFW obtainethrough subsequent coordination with DWR.

Historical juvenile loss dfoth geneticallyidentified naturatorigin and CW=onfirmed hatcheryorigin
CHNWR and CHNSR observed at the CVP and SWP export faeiltiasedo calculate a daily loss
density (DWR 2023f, Appendix D). Salvage deta available for geneticalidentified naturalorigin
CHNWR for water years 2010 to 2022 and for CHNSR for water years 2017 to 2022. Salvegye data
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available for hatcherprigin CWT tagged CHNWR and CHNSR for water years 2010 to 2022. Loss was
calculated from the salvage data using the Chinook Salmon loss equsgatiachment 8to the 2024

SWP ITRCDFW 2013 divided by the amount of water exported at the CVP and SWP export facilities
(TAF) to determine the density (fish per TAF of water exported), and then multiplied by the alSim
modeled exports for all three scenarios. Percent difference between Baseline Conditions and Proposed
Project scendos was calculated as the difference between loss estimates from Baseline Conditions and
Proposed Project scenarios divided by Baseline Conditions. Differences were calculated by month and
water year type. There were no above normal water years from 20AD22, so the monthly pattern

for wet water years was used and only percent differences were repditables2532). Instances of

zero loss modeled under Baseline Conditions equated to 0% difference in loss for the Proposed Project
scenariosTables2532 report modeled resulteind percent differenceas rounded to the nearest whole
number, as provided by DWR

5.2.1.3.1.Salvage Density Results for Winteun Chinook Salmon
SNP Export Facilés

Percent banges in meamonthly loss ofjeneticallyidentified naturatorigin CHNWR Isst the SWP

export facilitesbetween Baseline Conditions atite 9A_V2A scenario ranged from a 7% decrease to a
64% increase in any month or water year typalfle 25absolute change ranges fromdecrease by 11

fish to an increase by 11 fishbove normalvater years excluded given moodeledloss valug Under

the ITP_Spring scenarjpercentchanges imeanmonthly loss ofgeneticallyidentified naturatorigin
CHNWR from Baseline Conditions ranged from a 5% decrease to a 9% increase in any month or water
year type(absolute change ranges frondacrease irl1fishto an increase in9 fish above normal

water years excluded given no modeled loss vallide greatespercentdecreases in genetically
identified naturatorigin CHNWR loss between Baseline Conditions and Proposed Project scenarios
appear in February of above normal and below normal water year types with February of above normal
water years under the 9A_V2A scenario having the gregiestentdecrease in loss%6 decreasge

absolute changaot availablg. Lessepercentdecreases in loss as well as samiaor percentincreases
appear in December, January, and March, depending on water yearRgyrmentincreases in loss of
geneticallyidentified naturalorigin CHNWR are larger thaarcentdecreases in loss shown footh
Proposed Projectcenarie. The 9A V2A scenario shopercentincreases in loss between 21% and 36%
for above normal, below normal, and critical water years in Apalvever absolute change for below
normal and critical water yearsim® greater tharone modeledish. The highespercentincreases in

loss of geneticaljdentified naturatorigin CHNWR from the 9A_V2A scenario are shown in May for wet
(48%increase absolutechange less than 1 fisland above normal (64%crease absolutechange not
availablg water yeargTable 25)In comparison, the ITP_Spring scenario shows a perakntincrease

in loss in April for wet (2% crease absolutechange of 1 fishand below normal (1%crease absolute
change less than 1 fislwater years with all other water year types showing zsgocentchange in

modeled loss. For May, the ITP_Spring scenario shevegntincreases imodeledgenetically

identified naturatorigin CHNWR loss for wet (986rease absolutechange less than 1 fisland above
normal (5%increase absolue change not availabjevater years, though smaller in magnitude than the
9A_V2Apercentincreaseslt is important to note that there have been no May observations of
geneticallyidentified naturalorigin CHNWR in salvage for water years 2010 to 2022.
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Other months and water year types showed minor changes orgercentchange in loss of genetically
identified naturalorigin CHNWR lost #te SWP export facilésbetween Baseline Conditions and
Proposed Project scenarios; zgrercentchange was observed for the months of June through
September, when juvenile CHNWR are expected absent or presestyitow humbersin the south
Delta, as well as October and November.

The greatest absolute change in geneticadigntified naturatorigin CHNWR loss between Baseline
Conditions and Proposed Project scenarios appeaklarch of wet and below normal water years. The
9A V2A scenario shows an absolute increase in lossmbti¢ledfish in March of wet water years and
an absolute decrease in loss of hbdeledfish in March of below normal water years. The ITP_Spring
scenario shows an absolute increase in losQohadeledfish in March of wet water years and an
absolute decease in loss of 1thodeledfish in March of below normal water years
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Table25. Meanmonthly lossof geneticallyidentified naturatorigin CHNWR juveniles tiie SWP export
facilitiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year type. Percent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 4 4 (-1%) 4 (-1%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 7 7 (-2%) 7 (-2%)
January Above Normal N/A (-2%) (-2%)
January Below Normal 10 9 (-4%) 9 (-3%)
January Dry 0 0 (0%) 0 (0%)
January Critical 0 0 (0%) 0 (0%)
February Wet 197 199 (1%) 198 (1%)
February Above Normal N/A (-7%) (-1%)
February Below Normal 134 127 €5%) 127 (5%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 539 550 (2%) 558 (4%)
March Above Normal N/A (3%) (3%)
March Below Normal 424 413 £3%) 413 (2%)
March Dry 95 94 (2%) 94 (2%)
March Critical 4 4 (0%) 4 (0%)
April Wet 58 59 (2%) 59 (2%)
April Above Normal N/A (36%) (0%)
April Below Normal 4 5 (24%) 4 (1%)
April Dry 7 8 (5%) 7 (0%)
April Critical 6 7 (21%) 6 (0%)
May Wet 12 1 (48%) 1 (9%)
May Above Normal N/A (64%) (5%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
May Critical 0 0 (0%) 0 (0%)
June Wet 0 0 (0%) 0 (0%)
June Above Normal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

a2There have beemero geneticallydentified naturatorigin CHNWR observed in salvag®my ofwater
years 2010 and 2022.

Modeled loss of CWaonfirmed hatcheryorigin CHNWR dhe SWP export faciliéswas typically zero
for Baseline Conditions armbth Proposed Project scenariasrossall monthsandwater year types
(Table 26)BothProposed Projecicenarios show sliglitecreasesn modeledpercentloss during
Februaryof criticalwater years (5% decreasabsolutechange less than 1 fislnd March in below
normal (23% decreaseabsolutechange less than 1 fisland dry (2% decreasabsolutechange less
than 1 fish) water years. The greatest potentigércentincrease in loss seenunderthe 9A V2A
scenariain Aprilof below normalwater years (24%ncreasg, although this change is based am
absolutechangeof less than one modeled fisfihe ITP_Sprirsgenario also shows a slighgrcent
increase in losef CWTconfirmed hatcheryorigin CHNWR in Apof below normalwater years(1%
increas8, although this change is also based on an absolute change of less than one modeled fish
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Table26. Meanmonthly lossof CWTconfirmed hatcheryorigin CHNWR juveniles thie SWP export
facilitiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typeercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 0 0 (0%) 0 (0%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 0 0 (0%) 0 (0%)
January Above Normal N/A (0%) (0%)
January Below Normal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 0 0 (0%) 0 (0%)
February Wet 0 0 (0%) 0 (0%)
February Above Normal N/A (0%) (0%)
February Below Normal 0 0 (0%) 0 (0%)
February Dry 0 0 (0%) 0 (0%)
February Critical 2 2 (-5%) 2 (-5%)
March Wet 0 0 (0%) 0 (0%)
March Above Normal N/A (0%) (0%)
March Below Normal 18 18 (3%) 18 (2%)
March Dry 4 4 (-2%) 4 (-2%)
March Critical 0 0 (0%) 0 (0%)
April Wet 0 0 (0%) 0 (0%)
April Above Normal N/A (0%) (0%)
April Below Normal 2 2 (24%) 2 (1%)
April Dry 0 0 (0%) 0 (0%)
April Critical 0 0 (0%) 0 (0%)
May Wet 0 0 (0%) 0 (0%)
May Above Normal N/A (0%) (0%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
May Critical 0 0 (0%) 0 (0%)
June Wet 0 0 (0%) 0 (0%)
June Above Normal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | AboveNormal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

CVP Export Faciés

Percent banges in meamonthly lossof geneticallyidentified naturatorigin CHNWR dhe CVP export
faciliiesbetween Baseline Conditions and the 9A V2A scenario ranged from a 6% decrease to a 2%
increase in any month or water year typeaple 27absolute change ranges from a decrease ffigh to

an increase bless than fish, above normalvater years excluded given no modeled loss vallunder

the ITP_Spring scenarjggrcentchanges imeanmonthly lossof geneticallyidentified naturatorigin
CHNWR from Baseline Conditions rangedifa 4% decrease to a 2% increase in any month or water
year type(absolute change ranges from a decrease by 2 fish to an increase by less than 1 fish, above
normalwater years excluded given no modeled loss vallide greatespercentdecreases in
geneticallyidentified naturatorigin CHNWR loss between Baseline Conditions and Proposed Project
scenarios occur in January of critical water yearsdééteas¢ and February of below normaiater

years (5%lecreasé under the 9A V2A scenaribowever absolutehange fotboth months and water

year typeds no greater than one modeled fisBothProposed Projecicenarios show the greatest
percentincreases in loss duriridarch ofabove normaivater years (2%ncrease absolute change not
availablg. Smallepercentdecreases in loss as well as some mjrencentincreases appean

December through April, depending on water year type. Other months and water year types showed
minor changes or zerpercentchange between Baseline Conditions and Proposed Project scenarios. No
percentchange in loss of geneticaillyentified naturatorigin CHNWR dhe CVP exporaciliteswas
modeled for the months of May through Novembeonsistent with zero historical loss between May
and November
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The greatest absolute change in geneticadigntified naturatorigin CHNWR loss between Baseline
Conditions and Proposed Project scenarios appears in March of below normal water years. The 9A_V2A
scenario shows an absolutiecreasdn loss oftwo modeled fish in March of below normal water years.

The ITP_Spring scenario shows an absalateeasdn loss oftwo modeled fish in March of below

normal water years.

Table27. Meanmonthly lossof geneticallyidentified naturalorigin CHNWR juveniles losttae CVP
exportfaciliiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typeercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 4 4 (-1%) 4 (-1%)
December | Above Normal N/A (0%) (0%)
December Below Normal 1 1 (-1%) 1 (-1%)
December Dry 2 2 (-1%) 2 (-1%)
December Critical 0 0 (0%) 0 (0%)
January Wet 4 4 (-2%) 4 (-2%)
January Above Normal N/A (-2%) (-2%)
January Below Normal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 1 1 (-6%) 1 (-1%)
February Wet 20 20 (1%) 20 (0%)
February Above Normal N/A (-1%) (-1%)
February Below Normal 35 34 (5%) 34 (4%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 51 51 (0%) 51 (0%)
March Above Normal N/A (2%) (2%)
March Below Normal 94 92 (2%) 92 (2%)
March Dry 40 39 (2%) 39 (2%)
March Critical 10 10 (1%) 10 (1%)
April Wet 1 1 (0%) 1 (0%)
April Above Normal N/A (1%) (1%)
April Below Normal 2 2 (0%) 2 (0%)
April Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
April Critical 0 0 (0%) 0 (0%)
May Wet 0 0 (0%) 0 (0%)
May Above Normal N/A (0%) (0%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
May Critical 0 0 (0%) 0 (0%)
June Wet 0 0 (0%) 0 (0%)
June Above Normal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

Modeled loss of CWaonfirmed hatcheryorigin CHNWR dhe CVP exportacilitieswastypicallyzero

for Baseline Conditions and both Proposed Project scenarios at@ssenthsandwater year types

(Table 28)Both Proposed Project scenarios stalightdecreases in modelgoercentloss during
Februaryof below normalwater years(4-5% decreasednd Marchof below normal(2% decreasegnd
critical (1% decreasewateryears although these changes apased on absolutehanges of less than

one modeled fishThe greatest potentiglercentdecrease in loss is observed under scenario 9A_ V2A in
February of below normal water yeais%decrease absolute change less than 1 fisfthe ITP_Spring
scenario also shows a slight decrease in los®bruary of below normal water yea@#%decrease
absolute change less than 1 fisfihere were no modeled increases in loss of €@fifirmed hatchery

origin CHNWR dhe CVP exporacilitiesfor any month or water year type.
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Table28. Meanmonthly lossof CWTconfirmed hatcheryorigin CHNWR juveniles losttae CVP export
facilitiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typeercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 0 0 (0%) 0 (0%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 0 0 (0%) 0 (0%)
January Above Normal N/A (0%) (0%)
January Below Normal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 0 0 (0%) 0 (0%)
February Wet 0 0 (0%) 0 (0%)
February Above Normal N/A (0%) (0%)
February Below Normal 4 4 (-5%) 4 (-4%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 0 0 (0%) 0 (0%)
March Above Normal N/A (0%) (0%)
March Below Normal 13 13 (2%) 13 (2%)
March Dry 0 0 (0%) 0 (0%)
March Critical 2 2 (-1%) 2 (-1%)
April Wet 0 0 (0%) 0 (0%)
April Above Normal N/A (0%) (0%)
April Below Normal 0 0 (0%) 0 (0%)
April Dry 0 0 (0%) 0 (0%)
April Critical 0 0 (0%) 0 (0%)
May Wet 0 0 (0%) 0 (0%)
May AboveNormal N/A (0%) (0%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
May Critical 0 0 (0%) 0 (0%)
June Wet 0 0 (0%) 0 (0%)
June Above Normal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

5.2.1.3.2.Salvage Density Results for Springn Chinook Salmon
SWP Export Faciét

Percent banges in meamonthly lossof geneticallyidentified naturatorigin CHNSR ahe SWP export
faciliiesbetween Baseline Conditions and the 9A V2A scenario ranged from a 7% decrease to a 64%
increase in any month or water year typeaple29; absolute change ranges from a decreasd bigh to

an increase bg4fish, above normalvater yearsexcluded given no modeled loss valugnder the
ITP_Spring scenaripercentchanges in meamonthly lossof geneticallyidentified naturatorigin

CHNSR from Baseline Conditions ranged from a 2% decrease to a 9% increase in any month or water
year type(absolute change ranges from a decrease by 1 fish to an increase by 4 fish, above normal
water years excluded given no modeled loss vallibg greatespercentdecreases in genetically

identified naturatorigin CHNSR losstiveen Baseline Conditions and Proposed Project scenarios
appear in February of above normal water years and March of below normal water years with February
of above normalvater years in the 9A_V2A scenario showing the gregtestentdecrease in loss (7%
decrease absolute change not availapléessermpercentdecreases in loss as well as some miyancent
increases appedn January and March, depending on water year fygsewell as February of wet water
years.Percentincreases in lossf geneticallyidentified naturalorigin CHNSRrelargerthan anypercent
decreases in loss shown footh Proposed Project scenagoThe 9A_V2A scenario shopercent

increases iMprilloss of 24%or below normal (absolute change dffish)and 21% for criticglabsolute
change ofl fish water years. Thaighest percentncreases in loss from the 9A_V2A scenario are shown
in May of we (48%increase absolute change of 24 fistabove normal (64%creaseabsolute change
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not availablg, and critical (41%ncrease; absolute change of 1 fiskater years. For comparison, the
ITP_Spring scenario shows a smpattcentincrease in loss in April for below normal (ttidrease
absolute change of 1 fijlwater years with all other water year typasAprilshowing zergercent
change in modeled loss. For May, the ITP_Spring scenario shows increases in loss foiirveet 4380
absolute change of 4 fihabove normal (5%crease absolute change not availaBlend critical (3%
increase absolute change less than 1 fishater years, though smaller in magnitude than the 9A V2A
percentincreases. Other months and water year types showed minor changes gpeeentchangen
loss of geneticaljdentified naturatorigin CHNSR lost at the SWP facilitiesveen Baseline Conditions
and Proposed Project scenarios; zpaycentchange was observed in June through December.

Table29. Meanmonthly loss ofgeneticallyidentified naturatorigin CHNSR juvenilesthe SWP export
faciliiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typBercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 0 0 (0%) 0 (0%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 2 2 (-2%) 2 (-2%)
January Above Normal N/A (-2%) (-2%)
January Below Normal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 0 0 (0%) 0 (0%)
February Wet 5 5 (1%) 5 (1%)
February Above Normal N/A (-7%) (-1%)
February Below Normal 0 0 (0%) 0 (0%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 9 9 (2%) 9 (4%)
March Above Normal N/A (3%) (3%)
March Below Normal 23 22 (3%) 22 (2%)
March Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
March Critical 0 0 (0%) 0 (0%)
April Wet 0 0 (0%) 0 (0%)
April Above Normal N/A (0%) (0%)
April Below Normal 30 37 (24%) 31 (1%)
April Dry 23 24 (5%) 23 (0%)
April Critical 6 7 (21%) 6 (0%)
May Wet 51 75 (48%) 55 (9%)
May Above Normal N/A (64%) (5%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
May Critical 4 5 (41%) 4 (3%)
June Wet 0 0 (0%) 0 (0%)
June Above Normal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

The greatespercentincreases in modeled loss of C\@nfirmed hatcheryorigin CHNSR #te SWP
export faciliftesappear in April of below normal (24®tcreasé and dry (5%ncreas¢ water years under
the 9A V2A scenarid &ble30), athoughthesechange are based on an absolutehangeof less than
one modeled fishThe ITP_Spring scenario also shows a grealentchange in loss during April of
below normal water years (1#creas¢, which also reflectan absolute change of less than one
modeled fish All other months and water year types showed zgeocentchange in CW€onfirmed
hatcheryorigin CHNSR losstae SWP exporacilitiesfor both Proposed Project scenarios.
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Table30. Meanmonthly lossof CWTconfirmed hatcheryorigin CHNSR juvenilesthe SWP export
facilitiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typBercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 0 0 (0%) 0 (0%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 0 0 (0%) 0 (0%)
January Above Normal N/A (0%) (0%)
January Below Normal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 0 0 (0%) 0 (0%)
February Wet 0 0 (0%) 0 (0%)
February Above Normal N/A (0%) (0%)
February Below Normal 0 0 (0%) 0 (0%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 0 0 (0%) 0 (0%)
March Above Normal N/A (0%) (0%)
March Below Normal 0 0 (0%) 0 (0%)
March Dry 0 0 (0%) 0 (0%)
March Critical 0 0 (0%) 0 (0%)
April Wet 0 0 (0%) 0 (0%)
April Above Normal N/A (0%) (0%)
April Below Normal 1 1 (24%) 1(1%)
April Dry 1 1 (5%) 1 (0%)
April Critical 0 0 (0%) 0 (0%)
May Wet 0 0 (0%) 0 (0%)
May Above Normal N/A (0%) (0%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
May Critical 0 0 (0%) 0 (0%)
June Wet 0 0 (0%) 0 (0%)
June Above Normal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

CVP Expoffacilites

Percent banges in meamonthly lossof geneticallyidentified naturatorigin CHNSR ahe CVP export
faciliiesbetween Baseline Conditions and the 9A V2A scenario ranged from a 8% decrease to a 7%
increase in any month or water year typeaple31; absolute change ranges from a decreasd bigh to

an increase by fish, above normal water years excluded given no modeled loss)valnder the
ITP_Spring scenaripercentchanges in meamonthly lossof geneticallyidentified naturatorigin

CHNSR from Baseline Conditions ranged from a 7% decrease to a 7% increase in any month or water
year type(absolute change ranges from a decrease by 1 fish to an increase by 1 fish, above normal
water years excluded given no modeled loss vallibg greatespercentdecrease in geneticaly

identified naturatorigin CHNSR loss baten Baseline Conditions and Proposed Project scenarios
appears in June of above normal water years under the 9A V2A scenarie¢BSase absolute change
not availablg. There is also a smakrcentdecrease in loss shown under the 9A_ V2A scenario in April
of critical wateryears(1% decreaseabsolute changkess than 1 fish The greatespercentincrease in

loss is observed under both Proposed Project scenaribiy of above normal waterears (7%

increase absolute change navailablg. Smallepercentdecreases in loss are seen in January, March,
and April in some water year types, and smpalicentincreases in loss appear in March, April, and July
of above normal water years and May of wet water ydarsdoth Proposed Project scenarios. Other
months and water year types showed minor changes or peroentchangein loss of genetically
identified naturalorigin CHNSR lost at the CVP export faciliets/een Baseline Conditions and
Proposed Project scenarios; zguercentchange was observed in February and August through
December.
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Table31. Meanmonthly lossof geneticallyidentified naturatorigin CHNSR juvenilestae CVP export
facilitiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typBercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 0 0 (0%) 0 (0%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 1 1 (-2%) 1 (-2%)
January Above Normal N/A (-2%) (-2%)
January Below Normal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 1 1 (-6%) 1 (-1%)
February Wet 0 0 (0%) 0 (0%)
February Above Normal N/A (0%) (0%)
February Below Normal 0 0 (0%) 0 (0%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 8 8 (0%) 8 (0%)
March Above Normal N/A (2%) (2%)
March Below Normal 3 3 (2%) 3 ((2%)
March Dry 0 0 (0%) 0 (0%)
March Critical 0 0 (0%) 0 (0%)
April Wet 24 24 (0%) 24 (0%)
April Above Normal N/A (1%) (1%)
April Below Normal 4 4 (0%) 4 (0%)
April Dry 4 4 (0%) 4 (0%)
April Critical 4 4 (-1%) 4 (0%)
May Wet 13 14 (3%) 14 (4%)
May Above Normal N/A (7%) (7%)
May Below Normal 5 5 (0%) 5 (0%)
May Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
May Critical 3 3 (0%) 3 (0%)
June Wet 10 9 (-4%) 9 (-4%)
June Above Normal N/A (-8%) (-7%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 1 1 (0%) 1 (0%)
July Above Normal N/A (4%) (5%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

Modeled loss oCWTFconfirmed hatcheryorigin CHNSR #te CVP export faciléswaszero for Baseline
Conditions across all months and water year ty{Jesble 32)Nopercentchanges in loss were moeel
under the twoProposed Project scenaridsoss of CWdonfirmed hatcheryorigin CHNSR has occurred
historically athe CVP export facilgs, though it was not captured in modeled loss under Baseline
Conditions likely due to the low value.
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Table32. Meanmonthly lossof CWTconfirmed hatcheryorigin CHNSR juvenilesthe CVP export
facilitiesunder the Proposed Project and Baseline Conditions Saagsity Method modeling
scenariogrouped by month and water year typBercent differences between the Proposed Project
scenarios (9A_V2A and ITP_Spring) and Baseline Conditions are in parentheses.

Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
October Wet 0 0 (0%) 0 (0%)
October Above Normal N/A (0%) (0%)
October Below Normal 0 0 (0%) 0 (0%)
October Dry 0 0 (0%) 0 (0%)
October Critical 0 0 (0%) 0 (0%)
November Wet 0 0 (0%) 0 (0%)
November Above Normal N/A (0%) (0%)
November Below Normal 0 0 (0%) 0 (0%)
November Dry 0 0 (0%) 0 (0%)
November Critical 0 0 (0%) 0 (0%)
December Wet 0 0 (0%) 0 (0%)
December | Above Normal N/A (0%) (0%)
December Below Normal 0 0 (0%) 0 (0%)
December Dry 0 0 (0%) 0 (0%)
December Critical 0 0 (0%) 0 (0%)
January Wet 0 0 (0%) 0 (0%)
January Above Normal N/A (0%) (0%)
January BelowNormal 0 0 (0%) 0 (0%)
January Dry 0 0 (0%) 0 (0%)
January Critical 0 0 (0%) 0 (0%)
February Wet 0 0 (0%) 0 (0%)
February Above Normal N/A (0%) (0%)
February Below Normal 0 0 (0%) 0 (0%)
February Dry 0 0 (0%) 0 (0%)
February Critical 0 0 (0%) 0 (0%)
March Wet 0 0 (0%) 0 (0%)
March Above Normal N/A (0%) (0%)
March Below Normal 0 0 (0%) 0 (0%)
March Dry 0 0 (0%) 0 (0%)
March Critical 0 0 (0%) 0 (0%)
April Wet 0 0 (0%) 0 (0%)
April Above Normal N/A (0%) (0%)
April Below Normal 0 0 (0%) 0 (0%)
April Dry 0 0 (0%) 0 (0%)
April Critical 0 0 (0%) 0 (0%)
May Wet 0 0 (0%) 0 (0%)
May Above Normal N/A (0%) (0%)
May Below Normal 0 0 (0%) 0 (0%)
May Dry 0 0 (0%) 0 (0%)
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Month Water Year Baseline 9A V2A ITP_Spring
Type Conditions
May Critical 0 0 (0%) 0 (0%)
June Wet 0 0 (0%) 0 (0%)
June AboveNormal N/A (0%) (0%)
June Below Normal 0 0 (0%) 0 (0%)
June Dry 0 0 (0%) 0 (0%)
June Critical 0 0 (0%) 0 (0%)
July Wet 0 0 (0%) 0 (0%)
July Above Normal N/A (0%) (0%)
July Below Normal 0 0 (0%) 0 (0%)
July Dry 0 0 (0%) 0 (0%)
July Critical 0 0 (0%) 0 (0%)
August Wet 0 0 (0%) 0 (0%)
August Above Normal N/A (0%) (0%)
August Below Normal 0 0 (0%) 0 (0%)
August Dry 0 0 (0%) 0 (0%)
August Critical 0 0 (0%) 0 (0%)
September Wet 0 0 (0%) 0 (0%)
September | Above Normal N/A (0%) (0%)
September | Below Normal 0 0 (0%) 0 (0%)
September Dry 0 0 (0%) 0 (0%)
September Critical 0 0 (0%) 0 (0%)

5.2.1.3.3 SalvageDensity Method Discussion

The Salvag®ensity Method provides an entrainment index that reflects south Delta export pumping
weighted by the seasonal pattern of CHNWR and CHNSR abundance in the Delta, as reflected by
historical geneticallydentified naturalorigin and CW-Eonfirmedhatcheryorigin CHNWR and CHNSR
loss at the CVP and SWP export facilities. Estimated entrainment losses do not provide accurate
predictions of future entrainment loss under the two Proposed Project scenarios, but instead provide a
coarse assessment of mottial differences between Baseline Conditions and the Proposed Project.
Datasets used for Salvafensity modeling may not be entirely representative of fish presence and
distribution due to the rarity of smallesized fish captured in salvage. Geneticalentified natural

origin fry- and parrsized CHNWR and CHNSRE@Bm) are not commonly samplese€ Appendix Oy
Juvenile Size Distribution in Delta Monitoring and Salvage). In addition, hatotigiry Chinook Salmon
tagged with CWTs are larger, higimigratory, and exhibit faster transit times through the Delta
(approximately seven days; SST 2017), which may decrease the likeliHmmdgentrained and

salvage as a result of the Projec€Conclusions regarding changes in salvage and loss of CHNWR and
CHNSR that may result under the Proposed Project scenarios compared to Baseline Conditions should be
approached with caution as it is not reasonable to make assumptions about trends basedhoa

limited dataset.

Percent differences in entrainment loss at the CVP and SWP export facilities between Baseline
Conditions and the two Proposed Project scenarios were generally consistent when comparing
geneticallyidentified naturalorigin CHNWR and CHNSR with some nowifflerences. For example,
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loss of geneticaljdentified naturatorigin CHNWR at the SWP expfartiliieswas estimated to be 36%
greater under the 9A_V2A scenario in April of above normal water years but 0% greater for genetically
identified naturatorigin CHNSRabsolute loss not availabfer above normal water yeaysThis is

because there was zero historical loss of genetidgdéytified naturatorigin CHNSR in April of wet

years within the 2017 to 2022 dataseTable29), whereas CHNWR loss did occur in wet years within
the 2010 to 2022 datasdfable 25)Loss of geneticaliglentified naturatorigin CHNSR was estimated

to be 41%(absolute change df fish)and 3%(absolute change of less than 1 figingater under the

9A V2A and ITP_Spring scenarios, respectively, in May of critical water years at the SWP export
faciliies There was zero historical loss of geneticddlgntified naturatorigin CHNWR in May between
2010 and 2022 regardless of water year typewever there were percent change increasesiodeled
SWHoss of geneticalljdentified naturatorigin CHNWh May of wet and above normal water years

for both Proposed Project scenariadthough these changes were based on an absolute change of less
than one modeled fishSmaller varianceis percent differencebetween geneticallydentified naturak
origin CHNWR and CHNSR loss under the Proposed Project scenarios are seen in other months and
water year types at both CVP and SWP export facilities due to differenttestiming ofhistoricalloss

The largespercentincreases in modeled loss of geneticadlgntified naturatorigin CHNWR and CHNSR
appear in April and May under the 9A_V2A scenario at the SWP dapilittesfor multiple water year
types.Percent increases in modeled loss of geneticédigntified naturatorigin CHNWR and CBR at

the SWP expoffaciliiesunder the ITP_Spring scenario were lower than under the 9A_ V2A scenario in
April and May, whicimayreflect Spring Delta OutflolmplementationmeasuresgeeSection 6.13;
Condition ofApproval8.12). Under Condition of Approv8l121, Spring Delta Outflow Via Export
Curtailmentsjmplementationin April and May for Baseline Conditions is consistent with the measure
applied under the ITP_Spring scenddaee Appendix € CalSim Modeling Result3he largest absolute
changein modeled loss of geneticaligentified naturalorigin CHNWR appear archof below

normal and wet water yeamuunderboth the Proposed Project scenarios at the SWP export facilR@s.

the 9A_V2A scenarithe absolute change in loss ranges from a decrease in 11 modeled fish in March of
below normalwater years to an increase in 11 modeled fistMarch ofwet water years. A similar
relationship exists for the ITP_Spring scenwiithh an absolute decrease in 11 modeled fish in March of
belownormal water years to an increase it thodeled fish in March ofvet water years. The largest
absolute changes in modeled loss of genetieaéntified naturatorigin CHISR appear itMay of wet

water years under both the Proposed Project scenarios at the SWP export fadili@edsolute change

in lossunder the 9A_V2A and ITP_Spring scenarios increases by 24 fish andesfishtively in May of
wet water years.

Estimated loss of CWEbnfirmed hatchenorigin CHNWR and CHNSR showed similar trends to
geneticallyidentified naturatorigin CHNWR and CHNSR between the two Proposed Project scenarios
and Baseline Conditions at ti@&/P and SWéXport facilities. The greatepercentincreases in CWT
confirmed hatcheryorigin CHNWR and CHNSR loss are shown in April of below normal water years
under the 9A_V2A scenario at the SWP exfaxtilities (Tables26 and30). The only CWEonfirmed
CHNWR salvage that occurred in April was at the SWP exportdgdlit no loss of CWdonfirmed
CHNWR was modeled to occur in April at the exffort facilites(Table28). The largespercent

5 Note that there were no above normal water years from 2@D22, so the monthiZHNSRbss pattern for wet
water years was applied for above normal water years and only percent difference was reported.
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decreasesn CWTconfirmed hatcheryorigin CHNWR are seen in February of critical water years at the
SWP exportaciliiesand February of below normal water years at the CVP export fesilRelta

outflow modeling shows an increase in flows during February of these two water year types, which
could be contributing to decreases in CHNWR loss (see Section §.D&th Hydrodynamic

Assessment and Junction Routing Analy8is¥olute changes in modeled loss of G¥dmfirmed
hatcheryorigin CHNWR and CHNSRw very little changer zero changéetween Baseline Conditions
and the two Proposed Project scenarios.

Percent @creasesn loss of geneticallidentified naturalorigin CHNWR and CHNSR and €@vifirmed
hatcheryorigin CHNWR shown in March under the 9A_V2A scenario in below norniat dnglyears
likely reflect the 50 TAF Delta inflow block of water under Condition of App8ol/aP, which deploys in
dry, below normal, and above normal water yeésee Section 6.1.3; Condition of Appro84dl?).

Condition of Approva8.122 also includes SWP south Delta export curtailments in April and Mary of
below rormal, andabove normal water yearthat are intended to replicate existing conditiotisough
HRLflow deployment inthosewater year type49A V2A scenarion Aprilof dry, below normal, and
above normal water yeargpsolute change in geneticaligentified naturalorigin CHNWR modeled loss
increases by up to one modeled fislith no decreases observathder the 9A V2A scenarat the SWP
export facilitescompared to Baseline Conditiaria April of below normal antflay ofwet water years
absolute change dafeneticallyidentified naturalorigin CHNSkhcreasesdy 7 and 24nodeledfish,
respectivelyunder the 9A V2A scenari the SWP expofaciliiescompared to Baseline Conditions.
Mean SWP south Delta exports were shown to increaseOMRIlows wereshown to become more
negativein the 9A_V2A scenario compared to Baseline Conditions in April and Maipater year

types (seéAppendix & CalSinModeling ResultsThese reductions in Delta outflow under the 9A_V2A
scenario are reflected in increasegp@rcentmodeled loss of geneticaligentified naturalorigin

CHNWR and CHNSR during April and May anddofifmed hatcheryorigin CHNWR and CHNSR in
April at the SWP expofacilities. April is an important Delta migration month for both juvenile Q¥R
and CHNSR, and CHNSR continue to migrate through the Delta in May. Ge+iedintifigd naturat

origin CHNWR have been observed in salvage between December and April and geidsitifilyd
naturatorigin CHNSR have been observed in salvage betdamrary anduly(see Section 5.2.1@Q
Historical Loss of Juvenile Chinook Salmon). Although genetamtified naturalorigin CHNWR have
not been observed in salvage in May during water years 2010 through 2022, it is possible they are still
moving through the Delta during this time in small numbers, especially in wetter years when conditions
in the Delta remain feorable for rearinglncreasedSWPexportsand more negative OMR flovasiring

April and Mayreflected under the 9A_V2A scenario, are likely to result in increases in entrainment and
loss of geneticaljdentified naturatorigin CHNW Aprilandgeneticdly-identified naturatorigin
CHNSHh April and Mayat the SWP expofacilities Hatcheryorigin CHNSRayalso be impacted as
theyare typically releasgfrom FRFkh April.Increased entrainment of CHNWR and CHNSRe latter
portion of their migration period could reduce life history diversity over time by selecting against later
migrants including those that may be larger having reared longgvén (Sturrock et al. 2019a).

Modeled loss for geneticaHiglentified naturalorigin CHNWR and CHNSR was typically lower in dry and
critical water years, which may reflect overall watershed survival differences between water year types.
During wetter water years, more juveniles entéetDelta and are exposed to south Delta export
operations Brandes and McLain 200dewman and Brandes 2010). Lower salvage in drier years does
not necessarily indicate that OMR flow or export restrictions are providing better protections to either
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CHNWR or CHNSR populations. Often OMR flows are more negative in drier years even under export
restrictions (to preserve water quality perIB41) because of reduced Delta inflow. Instead, lower
salvage in dry yearould berelated to lower population abundance due to poor conditions in the rivers
(NMFS 2018), howeverfurther analyses would be required to investigate this

Lessvariationwas shown between Baseline Conditions and the two Proposed Project scebarios
modeled loss of hatchergrigin CHNWR and CHNS&IRen compared to geneticatgentified naturat
origin results andfewer changes in loss were modelgat hatcheryorigin CHNSR when compared to
CHNWR. The lack of differendégbkelyattributableto the rarity of observingCWFconfirmed hatchery
originCHNWR and CHNSR in salv&@gdy 43 CW-€onfirmed hatcheryorigin CHNWR and five CWT
confirmed hatcheryorigin CHNSR have beebservedin combinedsalvageat the CVP and SWP export
facilitiesfrom water years 2010 to 2022. This small sample size likely makes it difficult to model loss
trends between water year types amkportfacilities. The low probability afbservingCWFagged
CHNWRind CHNSR salvage could ba reflection of smolbutmigration behavior (rather thabelta
rearing) anddue to the smaller number of hatchenrigin CHNWRind CHNSFReleased into the system
each year compared with the number of estimated nattoagin CHNWRind CHNSR{atchery-origin
Chinook Salmon tend to outmigrate more quickly than nataréyin ChinookSalmon, which indicates
they have less opportunity to get entrained into the south Delta and may help explain the low
observations of hatchergrigin CHNWR and CHNSR in salvadéitionally, lased orhistorical CHNWR
JPEs,Here is a greater proportion of naturakigin CHNWHRstimated to ente the Delta as compared to
hatcheryorigin CHNWIHh almost every water year except three during the analysis period (2015, 2016,
2022; see Section 6.2.6 8Winter-Run Chinook Salmon Annual Loss ThresfAatlesA1 and42).
Typically, therare approximately half a million CHNWR smolts releaseiyén annually from LSNFH
and CNFH anapproximately2 million CHNSR smolts releasediirer annually from the FRFAlthough
there is currently no naturabrigin CHNSR JPE, catch at Sherwood Habher showsthere arehigher
numbers of LAD naturarigin CHNSR juvenileesmpared to CW-Eonfirmed hatcheryorigin CHNSR
observed at Sherwood Harbor trawlail water years between 2010 and 2022.

SalvageDensity Method analyses utilize small sample sizes of genetidatyified naturalorigin and
CWTconfirmed hatcheryorigin CHNWR and CHNSR observed in salvage to predict future outcomes of
Proposed Project operations. It is understood that monitoring small populations, such as CHNWR and
CHNSR, is difficult due to low detectimmbabilities, andnaynot be reliable for identifying population

trends (Bork et al. 2020pbservations ofuvenileCHNWR and CHNBRsalvage at the CVP and SWP

export facilities can provideformation on presence and absence; however, it is not nenédgs

indicative of population size nor does absence in salvage necessarily mean there is a complete absence
of CHNWR or CHNSR in t&nity of the export facilitiesConclusions regarding changesrindeled

loss of CHNWR and CHNSR that may occur under the Proposed Project scenarios compared to Baseline
Conditions should be approached with caution as it is not reasonable to make assumptions about trends
based on such a limited dataset (see Section 5.2, Higtorical Loss of Juvenile Chinook Salmong. It
possible that impacts of the Proposed Project omN@GHR and CHNSR are more pronounced than what
aremodeled with the SalvagPensity Method due to potentiaklationship betweerCHNWR and
CHNSRetection in salvagand population size, howevéurther analyses are needed to investigate a
potential relationship
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5.2.2. Entrainment of Adult Chinook Salmon

5.2.2.1.Delta Inflow Effectson Adult Chinook Salmon Stying

The hydrology of the Sacramento River, San Joaquin River, and Delta has been highly modified. Dam
releases on the major Central Valley rivers are now generally much lower than unimpaired conditions in
the winter and spring and higher in the summer and fafistream diversions andater exports in the

Delta have reduced January to June outflows by an estimatéebBéaverage and annual outflow by an
estimated 5260n average (SWRCB 2017). Modification of the natural hydrograph, including changes in
timing ard magnitude of flow, combined with water diversions negatively impacts rearing habitat,
connectivity, and ecosystem processes to which salmon have adapted (Lloyd et al. 2004; Lytle and Poff
2004; Flitcroft et al. 2019).

Adult CHNWRresence in the Deltaan extend from November through August, whereas adult CHNSR
presence in the Delta can extend from January through September (see Appendiinter-run and

Springrun Chinook Salmon Temporal Occurrence in the DEl&$In8 modelingproth RS R Ay 52 wQ4&

Application (DWR 2023f) and through subsequent coordination with BWgBests that there would be
little difference between Baseline Conditions ahd two Proposed Project scenariosgardingflow

entering the Delta in the Sacramento River at Freeport during the period of upstream migration of adult
CHNWR and CHNE&Re Appendix¢ CalSim Modeling Result$iowever, mcreased SWP exporasid

more negative OMR flowm April and Mayassociated with the 9A_V2A scena@nd to a lesser extent

the ITP_Spring scenarigeeAppendix & CalSim Modeling Resultmay lead togreaer risk of straying

and entrainment for adult CHNWR and CHNSR during their upstream migyaitbrsummer

temperatures quickly approaching, entrainment into the south Delta during April and May couldlead t
prolonged migration time thragh the Delta and exposure suboptimalwater temperatures during the
summer monthsWater ttmperatures greater than 15°8(60°F)result in a detrimental effect on adult
survival and egg viability (Windell et al. 20143.discussed further in Sectef2.22 and5.2.2.3,

historical data indicates that adult Chinook Salmon stray and become entrained in both the Tracy Fish
Collection Facility and Skinner Fish Protective Facility, with expanded salvage of 469.5 adult Chinook
Salmon observed across water years 1998 2022 .Deployment of thesO TAF inflow block of water in
Marchas well as SWP export curtailmeimsApril and Mayof dry, below normal, and above normal

water year typesinder theProposed Proje®@A V2A scenariis intended toprovide flow benefits

acrass all three months and may minimidsk of straying and entrainment for adult CHNWR and
CHNSRhowever, heseflow benefitsare notdemonstratedin CalSim 3 modeling resulishich show

minor flow improvements in the Sacrameni®iver during March as well agreased exportand more
negative OMR flows during April and Mage Appendix ¢ CalSim Modeling Results).

ht FIF OGA2y Aa ONRGAOFE (2 alfY2yARaAQ FoAfAGe G2
migrating througtthe Deltaand in upstream tributariesequire enough flow for olfactory cués

successfully reach natal spawning grou(@BFG 1998IFlow has beeacknowledgeds the most

important factor affecting overall survival @hinook Salmom the Central Valley {&son and Brandes

1989; Zeug et al. 2014; Michel et al. 2015; Iglesias et al. 2017; Notch et al. 2020; Hassrick et al. 2022)
Flod bypasses and drainage canals are known stranding areas for adult and juvenile CHNWR and
CHNSR as documented by CDFW fish rescue efforts (see @et@anAdult StrandingBeccio 2016;

Gahan et al. 2016; CDFW 2pMAttraction of adult CHNWR and CHNSR into terminal waterways and
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migration barriersas a result of hydrodynamic changes from south Delta expoatglead tadelays or
stranding, ultimately affecting spawning succéssen CalSif2 iaability to predict future conditions,
AYLI OG & Pojectos futuvesdiult CHNWR and CHNSR migration through the Deltanreown
however it is possible to use CiaiQo compare scenarios including the Baseline, 9A_ V2A and
ITP_Spring

5.2.2.2. HistoricalEntrainment of Adult Chinook Salmon into Clifton Court Forebay

5.2.2.1.1. Introduction

The loss equation used to estimate entrainment of Chinook Salmon into CCF and the Skinner Fish
Protective Facility does not consider adult entrainment into either facility although adult Chinook
Salmon have historically been observed in salvage at tha&idish Protective FacilitggeAttachment

8to the 2024 SWP ITEDFW 2018 The Delta Model LAD criteria (USFWS 1997) do not include run
identification for Chinook Salmon greater than 300 mm as measured by fork length; therefore, the Tracy
FishColledt 2y ClF OAfAGE YR {{1AYYSNI CAaK tNRGSOGADBS CI O
with no run designation recorded or genetic sample collected. For additional information on adult fork
length designation and data limitations, SE®FW (2024bYCurrently there are no targeted studies that
evaluate adult Chinook Salmon presence in CCF so there is no way to quantify adult take within CCF.
However, historical entrainment of adult Chinook Salmon into CCF has been documented during DWR
predator removal studies and observations at the entrance to the Skinner Fish Protective Facility (NMFS
201%; Reclamatior2020; CDFW 202

CDFW conducted the following analysis to evaluate histard&al of adult Chinook Salmon through
entrainment into CCF.

5.2.2.1.2. Methods

For this analysis, bycatch data were summarized from the CCF Predation Studies (CFPS; Wunderlich
2015, 2017), the CCF Predator Reduction Electrofishing Studies (PRES; Wilder et al. 2018), the CCF
Predator Fish Relocation Study (PFRS; CDFV&)282d the Enhanced Predatory Fish Removal and
Relocation Stud{EPFRRS; DWR 20RDWR conducted CFPS from 2013 through 2016 to evaluate
juvenile salmonid survival and monitor for piscivorous fish and birds around CCF. In 2016, DWR began
PRES at the request of NMi&Smplement interim measures to remove predators from CCF to reduce
pre-screen loss of juvenile Chinook Salmon. Under PRES, DWR electrofished and relocated predators
from CCF to Bethany Reservair (the afterbay for the Banks Pumping Plant and convegitityciofahe
California Aqueduct) from 2016 through 2018. Beginning in 2019, DWR started PFRS to relocate
predators from CCF using commercial fishing techniques to capture predators. After two years of
implementing PFRS, DWR transitioned to EPFRRSlinv@@2eby DWR combined the most successful
elements of PRES and PFRS with the intent to maximize the removal of predators in CCF to reduce pre
screen loss of juvenile ESA and GEs$#&d species. DWR concluded EPFRRS in 2023.
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5.2.2.1.3. Results

During the 2013 CFPS, DWR conducted creel surveys in CCF between April 26, 2013 and December 31,
2013. For 1,101 anglers interviewed, one adult Chinook Salmon was reported caught in October
(Wunderlich 2015). October does not directly overlap with adulN@HR or CHNSR presence in the

Delta; therefore, it is assumed this adult was a CHNFR. During the 2015 CFPS, DWR conducted creel
surveys in CCF between January 5, 2015 and December 29, 2015. For 1,247 anglers interviewed, one
adult Chinook Salmon was repodteaught in November (Wunderlich 2017), consistent with CHNWR
presence in the DeltaséeAppendix A Winter-run and Springun ChinookSalmon Temporal

Occurrence in the Delja

Adult Chinook Salmon are susceptible to electrofishinganddbe stunned as part of PRES conducted

in CCF between 2016 and 2018. During the 2018 study season, Wilder et al. (2018) reported 55 Chinook
Salmon observed moving into the vicinity of the electrofishing boat in response to the electric field
(Table33). Wilder et al. (2018) does not indicate individual size class, but states that individuals ranged
from 3 inches to adult size and were observed from January through May. NRIESB)(reports a total

loss of 152 Chinook Salmon during the three years of implementing PRES, but the size class of these fish
and spatial time scale in which they were observed is uncadiesconducted between January and

May overlap with presence of adult CHNWR (November through August) and CHNSR (January through
September) in the Deltasée Appendix & Winter-run and Springun Chinook Salmofhiemporal

Occurrence in the Delja

Table33. Chinook Salmoancountered by month in CCF durithg 2018 PRE®Vilder et al. 2018).

Month Number ofChinook Salmon
January 6
February 13
March 7
April 22
May 7
Total 55

Commercial fishingractices employed under PFRS are not able to selectively fish for nonnative
predators in CCF; therefore, Chinook Salmon are likely to be entrapped or caught as bycatch. During the
2019 PFRS, 12 adult Chinook Salmon were caught in CCF, including tweevbiabsumed to be

CHNSR and CHNWR, respectively, based on presence and time of year (and not genetically confirmed
Table34; CDFW 2028 Reclamatior2020). Zero Chinook Salmon were caught in CCF during the 2020
PFRSReclamatior2020).
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Table34. Adult Chinook Salmohycatch data from May 2019 through December 2019 during the 2019
PFRS (CDFW 2@2Reclamatior2020. Table cells highlighted in green or blue indicha#tchery origin
CHNSR and CHNWH®spectively

Date Gear Method Run Origin Fork Length Life Stage
(mm)

5/9/2019 Kodiak Trawl CHNSR Hatchery NA Adult
10/10/2019 Fyke Trap CHNFR Natural 614 Adult
11/5/2019 Beach Seine CHNFR Hatchery 660 Adult
11/5/2019 Beach Seine CHNFR Natural 755 Adult
11/8/2019 Beach Seine CHNFR Natural NA Adult
11/12/2019 BeachSeine CHNFR Natural 752 Adult
11/12/2019 Beach Seine CHNFR Natural 670 Adult
11/14/2019 Beach Seine CHNFR Natural 807 Adult
11/14/2019 Beach Seine CHNFR Natural 790 Adult
11/15/2019 Beach Seine CHNFR Hatchery 762 Adult
11/21/2019 Beach Seine CHNFR Natural 805 Adult
12/20/2019 Fyke Trap CHNWR Hatchery 598 Adult

During the 2021 through 2022 EPFRRS, 22 Chinook Salmon were encountered ab{e@%: DWR

20240). DWRZ024%) does not indicate individual size class, but states gear method and date of
encounter. These fish were observed from March 2021 through May 2022, coinciding with adult CHNWR
(November through August) and CHNSR (January through September) presendeettaltee

Appendix A; Winter-run and Springun Chinook Salmon Temporal Occurrence in the Delta
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Table35. Adult Chinook Salmon encountered in CCF during the 2021 and 2022 EPFRRS (DWR 2024

Date Gear Method Number of Chinook
Salmon
3/9/2021 Beach Seine 1
3/11/2021 Beach Seine 1
3/15/2021 Electrofishing 1
3/16/2021 Electrofishing 1
3/22/2021 Electrofishing 1
3/24/2021 Electrofishing 1
3/29/2021 Electrofishing 1
4/28/2021 Electrofishing 2
1/3/2022 Electrofishing 1
1/4/2022 Electrofishing 3
1/6/2022 Electrofishing 2
1/18/2022 Electrofishing 2
2/22/2022 Beach Seine 1
3/8/2022 Electrofishing 1
3/22/2022 Electrofishing 1
5/10/2022 Electrofishing 1

In addition to predation studies in CCF, the 2017 Delta Operations for Salmonids and Sturgeon technical
advisory team (DOSS; replaced in 2020 with the Salmon Monitoring Team, SaMT) annual report
documented observations of adult Chinook Salmon (greater than 300 mm as measured by fork length)
at the entrance to the Skinner Fish Protective Facility (DOSS 2017). These fish were observed from
November 2016 through May 2017, coinciding with adult CHNMéRember through August) and

CHNSR (January through September) presence in the BedtAgpendix A; Winter-run and Springun
Chinook Salmon Temporal Occurrence in the De®SS (2017) attributed the increase in adult

Chinook Salmon entering the Bker Fish Protective Facility to two factors. Facility workers observe
yearround occupancy of sea lions near the entrance to the Skinner Fish Protective Facility. In 2017,
facility workers noted the sea lions appeared to be working as a team with elepbalstto chase adult
salmon into the direction of the trash rack for feeding. During the annual dive inspection in March 2017,
divers noted several locations where the openings between the vertical members of the trash rack were
wider than two inche’ It is not clear if this damage was caused by marine mammal coordinated
hunting, but it is assumed that this contributed to the damabieese locations are expected to result in
increased adult entrainment because they create larger spaces for aduiygpass the trash rack.

5.2.2.1.4. Discussion

Targeted studies to evaluate entrainment of adult Chinook Salmon into CCF have not been conducted in
the past. During predator reduction studies, adult Chinook Salmon presence has been documented but
it should be noted that these studies are not targeted &dult Chinook Salmon and may not overlap

6 Repairs were made to the trash rack in March 2017, with reduced adult Ch8alolon salvage in water year
2018 (total count of 2 fish, expanded salvage of 5 fish).
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with their timing in the Delta. Therefore, fish collected are not necessarily representative of the
abundance that may be present during adult Chinook Salmon upstream migration through the Delta.

The 2009 NMF80Oindicated that there are direct impacts on adult Chinook Salmon from entrainment
into CCF, but assumed adults move freely into and out of CCF when hydraulic conditions at the radial
gates permit (NMFS 2009). Maximum hourly water velocities through thealrgdies can exceed 20 ft/s
(Clark et al. 2009), which is double the burst speed of adult salmonids (CDFG 2010). As the radial gates
are opened, water flow and water velocities are typically quite strong depending on the difference in
water surface elevation between Old River and CCF. This makes egress from CCF difficult until the flow
and velocities diminish as the water surface elevations begin to equalize. Any adult Chinook Salmon
attempting to exit the CCF would need to swim through théial gates when inflow velocities were
sufficiently low to permit their upstream movement, and before the radial gates are closed at the end of
the tidal cycle. It is possible for Chinook Salmon to remain resident within CCF for extended periods of
time before conditions are suitable for their exit. This residence time results in delays in upstream
spawning and can lead to stranding if fish are unable to exit through the radial gates. False attraction
into CCF reduces the number of potential adult salmpawners, and thereby spawning success, due to
delayed migration or prspawn mortality.

The presence of adult Chinook Salmon at the entrance of the Skinner Fish Protective Facility in 2017 is
characteristic of natural social interactions among salmon. Berdahl et al. (2017) demonstrated that
salmon use social interactions to synchronize ety spawning grounds. Johnson et al. (2016) also
showed that adult salmon caught in the ocean are more often from the same genetic group, suggesting
that adults rely on collective navigation when migrating to spawning grounds. Attraction flows through
the radial gates increase the likelihood of large groups of Chinook Salmon migrating together into CCF
exposing them to poor water quality conditions and {sawn mortality.

The2024 SWP ITiRcludes measures that limit CVP and SWP export operations to provide entrainment
protections for ESA and CEBed specieshat overlap partially with the timing of adult CHNWR and
CHNSR migratidn the Delta

5.22.3. HistoricalSalvage of Adult Chinook Salmon

5.2.2.2.1. Introduction

The loss equation used to estimate entrainment of Chinook Salmon into the Tracy Fish Collection Facility

and Skinner Fish Protective Facility does not consider adult entrainment into either facility although

adult Chinook Salmon have historically been obed in salvage at the Tracy Fish Collection Facility and

Skinner Fish Protective Facility. As indicated in Sebt&.2 the Delta Model LAD criteria (USFWS

1997) do not include run identification for Chinook Salmon greater than 300 mm as measuceld by f

length. As a result, the Tracy Fish Collection Facility and Skinner Fish Protective Facility classify Chinook
{rtY2y alft@r3aSR Ay GKA& aAl S Oflraa a adzylyz2éy IR
sample collected.

CDFW conducted the following analysis to evaluate historical take of adult Chinook Salmon at the Tracy
Fish Collection Facility and Skinner Fish Protective Facility.
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5.2.2.2.2. Methods

For this analysis, count data of Chinook Salmvith fork lengthsgreater than 300 mm collected at the

Tracy Fish Collection Facility and Skinner Fish Protective Facility from water years 1993 through 2022
were summarized from the CDFW Haglta Region salvage database (CDFW &0R&turatorigin and
hatcheryorigin Chinook Salmon were classified based on the presence or absence of an adipose fin
6adzy Of ALILISRe @OSNEdza aOf ALIISREDOD a R20dzYSyiaSR Ay
characterizedas hatcheryorigin and unclipped Chinook Salmon were characterized as naixigah.

Although the presence or absence of a CWT would be a more precise way to verify a hatidiery
designation, data limitations precluded the use of CWTs to determiimeoGk Salmon origin or run.

Expanded salvage data were calculated to estimate total salvage during CVP and SWP export operations
by using the Chinook Salmon loss equatiegefttachment 8to the 2024 SWP ITEDFW 2013

however, loss was not calculated the loss equation was not designed or intended for estimating loss

of adult Chinook Salmon. Fish identified by a special study code in the salvage database have an
expanded salvage value of 0 and fish with a predator removal code have an expanded \&ivagé 1

(CDFW 2018). Fish identified by a special study code were included in the count data. Salvage in water
year 2019 is potentially inaccurate due to Chinook Salmon enumeration issues at CVP expies facilit

For additional information on salvagiata sources and limitations, S&DFW (2024b)

5.2.2.2.3. Results

Between water years 1993 and 26280 adult Chinook Salmon were observed atghlageacilities,

with a greater proportion observed at the Skinner Fish Protective Facility (62.5%) than the Tracy Fish
Collection Facility (37.5%igure 38). Expanded salvage of adult Chinook Salmon across water years

1993 and 2022 totaled 469.5 fishigure39). The entrainment period for adult Chinook Salmon

extended from September through May, which overlaps with adult CHNWR and CHNSR presence in the
Delta 6eeAppendix A Winter-run and Springun Chinook Salmon Temporal Occurrence in the Delta
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Fgure 38. Totalcount of adultChinook Salmory month,observed at thel'racy Fish Collection Facility
(CVPand Skinner Fish Protective Facility (SWP) for water years-2023.

" Although water year 2023 is not included in this analysis, it is important to note that one adult Chinook Salmon
was observed in salvage at the Tracy Fish Collection Facility on June 4, 2023 (expanded salvage of 4 fish).
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Figure39. Total expanded salvage of ad@hinook Salmorhy month,at the Tracy Fish Collection
Facility (CVPandSkinner Fish Protective Facility (SWP) for water years-2023.

Of the 80 total adult Chinook Salmon observed (expanded salvage of 469.5yatwhgdacilities, 29

fish were observed at the Skinner Fish Protective Facility (expanded salvage of 90 fish) between
November 2016 and January 2017. The greatest annual adult expanded salvage occurred in water year
2017 with a count of 32 fish (expanded salwag 102.5 fish). The greatest monthly adult expanded
salvage occurred in December 2016 with a count of 18 fish (expanded salvage of 54 fish). Further
analysis indicate that 83% of the observed adult Chinook Salmon expanded salvage had adipose fins
intact (potential naturaloriginfish; Figure40). Eightyfive percent of adult Chinook Salmon expanded
salvage at the Tracy Fish Collection Facility had adipose fins mbéenijal naturatoriginfish; Figure

41). Eightyone percent of the observed adult Chinook Salmon expanded salvage at the Skinner Fish
Protective Facility had adipose fins intgooi{ential naturaloriginfish; Figure 42). It is possible that
someunclipped adult Chinook Salmealvaged during fall monthgere hatcheryorigin CHNFR, which

are adipose finclipped at a 25% rate.
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Adult Chinook Salmon Salvage

Figure40. Totalexpanded salvagef adultChinook Salmon, separated by natuoaigin or hatchery
origin,observed at thelracy Fish Collection Facility (C#if) Skinner Fish Protective Facility (SWP) for
water years 1992022.
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Figure 42. Total expanded salvage adult Chinook Salmorgeparated bynaturatorigin or hatchery
origin, observedat the Skinner Fish Protective Facility for water years 1832,

5.2.2.2.4. Discussion

Although the trash racks at the Skinner Fish Protective Facilityeany Fish Facility were designed to
exclude adult Chinook Salmon, adults have been detected in the salvage process at both facilities.
Genetic samples are not taken to confirm the presence of adult CHNWR or CHNSR in salvage; however,
timing of historicakalvage suggests that both CHNWR and CHNSR are likely to be entrained into the CVP
and SWP export facilities. The majority of adult Chinook Salmon salvaged historically were assumed
naturalorigin by the presence of an adipose fin, which is of particulacern given that naturabrigin

salmon have olfactory imprinting that enables migration to natal spawning grounds that haictigiy

fish are less likely to acquire due to hatchery practices (e.g., water treatment, trucking production
releases; Sturrocgt al. 201®). Presence of unclipped adults in salvage indicates that immigrating

adults may experience increased straying in the Delta, likely due to Project related alterations in
hydrology, as seen in other systems including the Knights Landing Ridderi@g the North Delta Flow
Action Study (DWR 201L%s indicated earlier,ane unclipped adultsalvaged during the fall may be
hatcheryorigin CHNFR, which are oalgipose firclipped at a 25% rate.
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The loss equation does not account for historical adult Chinook Salmon loss at either facility and is not
applied to adults observed in salvage¢Attachment8 to the 2024 SWP ITEDFW 20)8Each

component of the loss equation was developed based on performance evaluation studies for juvenile
salmonids that behave and respond differently than adult salmonids. For exampls¢naen loss may

not be measurable for adults because they may exqierience mortality from predators likaveniles

but may expeience prespawn mortality due to stranding stress. Expanded salvage may also
underestimate the abundance of adult Chinook Salmon present. Attraction flows from both the CVP and
SWP export facilities increase the likelihood of fish straying into thetiieiit times when adults are

relying on collective navigation from other salmon to find spawning grounds (Johnson et al. 2016). The
loss of spawning adults due to straying could decrease the genetic diversity of these populations as well
as decrease juvele production.

In its current form, the loss equation states that fish greater than 100 mm as measured by fork length
experience zero loss during handling and transpsge@ttachment8 to the 2024 SWP ITEDFW

2018. This does not address impacts from handling and transport during the sgik@mpss, which is
known to increase stress related impairment and mortality in adult salmonids (Raquel 1989; Cook et al.
2015; Teffer et al. 2017; Cook et al. 2018a; Cook et al. 2018b). Adult Chinook Salmon that survive
handling ad transport and continue on to the spawning reaches of their natal streams can have
decreased spawning fithess and fecundity due to the energy expenditure and stress related with
capture, handing, and release (Wilson et al. 2014).

Cook et al. (2018b) documented both shahd longterm impacts to Coho Salmon in the form of
external and physiological injuries caused by netting and handling. In this &adk,et al. (2018b)
demonstrated that dermal injuries and changes in blood chemistry predicted delayed mortality, while
reflex impairments, as a result of prolonged anoxia, resulted in an inability to escape predation and
decreased survival shortly after release. Tefferle{2017) found similar results for Sockeye Salmon on
the Faser River, which experienced high rates of mortality betwgand 12 days following net
entanglement and handling. Additionally, in this study,-ppawn mortality of handled salmon was
linked to higher occurrences of the pathogdhgsychrophilumand C. shastan examined carcasses,
suggesting that the prevalence of these diseases is likely due to the suppressed immune system
response fish experience during the stress of capture and handling.

The 2024 SWP [TiRcludes measures that limit CVP and SWP export operations to provide entrainment
protections for ESA and CESA listed spelaartially overlap with the timing of adult CHNWR and
CHNSHigrationin the Delta

5.3. Effects of Maintenanceat Clifton Court Forebay on Chinook
Salmon

DWRwill perform aquatic weednd algal bloom maintenance in C&Fan asneeded basigearround,
according tahe 2024 SWP ITPyY R 5Clifto@Gourt Forebay Aquatic Weed Management Standard
Operating Procedureg®WR 2023jjor the duration ofthe 2024 SWRTR Both chemical ananechanical
aquatic weedand algal bloom maintenan@ee needed to avoid damage to the Skinner Fish Protective
Facility and Banks Pumping Plant duade the potential to be harmful to any Chinook Salmon in the
vicinity.Herbicides and algaecides used for aquatic weed and algal bloom removal will include Aquathol
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K, coppethased compounds, and peroxitbased algaecideslse of peroxidéased algaecideer algal
bloomsmay occur ameeded.Use of Aquathol K and coppbased compound®r aquatic weed and

algal bloomsre expected to occur once in the sumngkte June to early Julghd once in the falimid

to late October)which would mostly avoid overlap with CHNWR and CHié&Ricalpresencedn
salvagegee Sectio®.2.1.2¢ Historical Loss of Juvenile Chinook SalaotiSection5.2.2 ¢ Entrainment

of AdultChinook SalmgnHowever, some CHNWR and CHNSR may be entrained into CCF during their
migration periodandmaintainlong-term residence in CCF, which could expose them to summer or fall
treatments. Additionallyherbicidetreatments could occur outside of summer and fall months if aquatic
vegetation removal is necessary during other times of yaagrage daily water temperatures within
CCF are greater than or equal taaZzsandapproved by CDFWNMFSand USFWSAquathol K and
peroxidebased algaecides will likely have a low impacC&iNWR and CHN&®posed to the products

as the concentration of Aquathol K will beedsat a concentration well below that which would impact
salmonids and peroxidbased algaecides only produce hydrogmaroxide and oxygen as instantaneous
byproducts, which should not negatively affect salmonidsppetbhasedcompoundsare toxic to fish
including juvenile salmonidsuvenile Chinook $aon are sensitive toidsolved coppeand can
experiencedetrimental sub-lethal effects at concentrations less than 1 ppiohannessen and Ross
2002) Notably, copperbasedcompoundsmayimpairthe ability of juvenilesalmonto perceive olfactory
stimuli, which could negatively impact homing, food detection, and predator detection (NMFS 2009).
DWRplans tousecopperbasedcompoundsin CCHRt concentratiors of 1 ppm Although CCF radial
gatesare slated toclose prior to treatment, the large scour hole below the gates could allow some
herbicide or algaecide to leak into Old Rixard juvenile salmonidis the immediate vicinity could be
exposedo chemical treatments

Mechanical removal of aquatic weeds by boabunted harvesters could occur any time of year, though
are likely to be most frequent during the late summer anddafisistent with chemical treatments
Operation of the aquatic weed harvesters majre CHNWR or CHNSR that encounter the cutting
blades and cause mortality. Additionally, aquatic weed mats that are harvested may contain juvenile
CHNWR or CHNSR that would perish with removal from the waispossible that mortality resulting
from contact with cutting blades would b@mpensatedy reducing the presence giscivorous fish
species associated with aquatic weed matsl potentially increasing salvage efficiemtyhe Skinner

Fish Protective FaciligNMFS 2009)

Minimization ofeffects of maintenance a&ECFon CHNWR and CHNSR are discussBddtion 63 ¢
Minimization ofEffects of Maintenancat Clifton Court Forebagf this Effects Analysand include the
implementation of Conditions of Approviadquired bythe 2024 SWP ITP.

5.4. Effects of Operationaind Maintenanceat Barker Slough
Pumping Plant on Chinook Salmon

DWRwill operateand maintainthe BSPPconsisting ofen bays andine pumpsndividually screened
with a positive fish screemgccordingo the 2024SWP ITP Y R 5 2 w Q & AduedliddfFigh Scrée
Sediment and Aquatic Weed Removal Standard Operating Procg@W\é2 2023 for the duration of
the 2024 SWPPTP . The first twobays have smaller pumgsperating at 14 cfsjesigned for a screen
approach velocity of 0.ft/s. The nexiseven baysave larger pumpgoperating at 28 cfsjesignedor a
screen appoach velocity of @ ft/s. The last bay is not equipped with a pump or fish scré&ach pump
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is fitted with afish screen consisig of a series of flat, stainless steel, wedgie panels with a slot

width of 3/32 inchesThese fislscreens were designagsing NMF8sh screercriteria for salmonid$o
prevent entrainment and minimize impingement of juvenile salmonids larger than 25 mm into the BSPP
(NMFS2023b). Operation of the nine pumps is demand driven, but limibscbipeline capacitynd

biofilm accumulatiorwithin the pipeline.The maximum pipeline capaciay BSP#s 175 cfsthough
DWR2@ormal pumping rateat BSP#s between 0 cfs and 130 cigith demand greatein the summer

and fallmonths

DWRperforms BSPP maintenance operations, including fish screen cleaning, sediment reamolval
aquatic weedemoval(DWR 2023i)During fish screen cleaninigalf of the pumps corresponding to the
fish screens are shut down and the fish screens are removed from the watgovi@r washingWhile
the fish screens are removefish can move freely into and out of the intake balhkis process occurs
monthly, as neededuring sediment removasediment accumulatd on thetrap andconcrete apron

at the base of the fish screens and in fhanp wellsis removedand disposed of offsitéAccumulated
sediment is removeftom the trap andconcreteapronby suction dredges needed, yearound.
Removal of sediment from within the pump wells cartor as neededyearround. During aquatic weed
removal,pumps corresponding to the fish screens are shut downamnhtic weedsmpinged on the
fish screensire removedising a weed rakeThis process occurs yeaund;, however, renovd is
primarilyneededduring summer and fall monthghen weed production is highesithin the BSPP
forebay, a boatmounted aquatic weetharvesteris used on an aseeded basis to remove aquatic
weeds.

The BSPP ismoved from the direct migration corridor utilized by emigrating Chinook Salmtre

north Delta.Based on available monitoring data, theesence of juvenile CHNWR and CHNSRB®aP
appears unlikelyMonitoring by CDFW for the North Bay Aqueduct larval fish survey indicatescimeet
Chinook Salmon have been observed at the most western monitoring location site (721) in Barker
Slough, but in general, observations of Chinook Salanemare, and occur farther to the east near the
confluence of Miners Slough with the Cache Slough ConpMR 2023i)During weed monitoring

from September 2020 through March 20Z3WRfound no salmonids entangled in the weeawven

when weed accumulain was at its highegt> 4 cubic yarddyom April to May and October to
November(DWR 2023i)if juvenile CHNWR and CHNB&entrainedinto Barkers Slouglmpacts from
water diversions would be minimized through fish screen design and operating critbisassupported
by a2013through2015 BSPP fish screen performastgdythat DWR conductetietween January and
June, consistent with juvenile CHNWR and CHNSR presence in the nortfDRAR£2023i)Eight
thousand larval fish were collected behind the fish scregitls the majority of fish being Threadfin
Shad and Prickly Sculpin. One laf¥&hnd no salmonids were identified. This study confirmed that the
fish screens were operating as designed, with no fish observed impinged on the screens and no fish
larger than 25 mm entrainedherefore, the likelihood of juveni@HNWR and CHN8Rcounters with
the fish screens during wateliversionand maintenancés low and the overall effect of the intake o
juvenile CHNWR and CHNSR is expected to be minimal.

In addition to direceffectsof BSPPperations BSPBperations alsdiave the potentialndirect effect

of entraining prey items from the Yolo Bypass systandreducingfood availabilitythrough exports
Floodplains and other offhannel habitats can provide increased prey availability and potentially reduce
juvenile CHNWR and CHNSRounters with predators, which can improve rearing conditions and
increasguvenile CHNWR and CHNgBwth and survival rates (Sommer et al. 2001; Limm and

169



Marchetti 2003; Moyle et al. 2007; Jeffres et al. 20B8aring CHNWR and CHNSR in the Yolo Bypass
rely on these food sources for healthy development and maturadioth may be negatively impacted if
operations of BSPP reduttee availability of these food resources

Minimization ofeffects of operations and maintenance at Barker Slough Pumping ¢ia®@HNWR and
CHNSR are discussediection 64 ¢ Minimization ofEffects of Operations and Maintenance at Barker
Slough Pumping Plaof this Effects Analysand include themplementation of Conditions of Approval
required by the 2024 SWP ITP.

5.5. Effects of theSouth Delta Temporary Barriers Projeah
Chinook Salmon

DWRwill operatethe South Delta Temporary Barriers Projecmsistingof three temporaryrock
barriers,according tahe 2024 SWP TP abd? wQa ! yydzZ t / 2y aidaNMzOGA2y FyR
Calendaryears 20222027 DWR202X) for the duration of the 2024 SWIPTR, or until such time as
permanent operable gates are constructé&tbnstruction and removal e South Delta Temporary
Barriers Projecis authorized separatelyeginning May 9, 2022 through December 31, 20@868erthe
existinglTP Number 2082021-079-03 (CDFW 20248). DWRinstalls and removes annuallgethree
barrierslocatedin Old River near Tra®/5 mileupstream of the Tracy Fish Collection Fagilityviddle
River0.5 mile upstream of the junction witifictoria Canal, anioh Grant Line Canalpproximately 400 ft
upstreamof the Tracy Boulevard Bridge. The purpose of the barriersiiedoce adverse water levels
and circulation impactsausedby the CVPand SWPoperationsin the south Deltaon local agricultural
diverters within the South Delta Water Agerl@DFW 2023). The Old River at Tradarrier is designed
to maintaina stage of 2.3 fNorth American Vertical Datum of 1988 (NAVD&8)measured by the Old
River at Tracy Road (OLD) galde= Middle RiveBarrier is designed to maintasstage of 2.6 ft
NAVDS88 as measured the Middle River at Howard Road (MHR) gage. The Grand LineBam&lis
designed to maintaim stage of 2.3 ft NAVD88 as measured by the Doughty Cut (DGL)\tge level
increases are accomplished by trapping water that passes through the barriers, equippe@vith fl
gates, on incoming tides.

Beginning on or after May DWRmay initiate construction of the barrielsDWRcan demonstrate that
stage maintenance is needed and San Joaquin River flows are less than 5,D0@Girdbarrier
construction all barrierflap gatesand theGrant Line Candarrier flashboard structurenust remain
opento allow for fish passagé-ollowing constructioandapproval from CDFW, NMFS, and USFWS,
intermediateculvert operationscan begirafter May 15where all but one flap gatés untied at each
barrier. The untied flap gateare set to operate tidallyintermediateculvertoperations also include
closing the flashboard structure at ti@g&rant Line Can&arrier. On June 1 or ten theaveragedaily
water temperaturemeasuredat the Mossdale(MSD)stationhas reached 76°F (22°C) for three
consecutive dayiill operation carbegin where alflap gates are tidally operatl. By September 15,
DWRmustremove a section of th®Id River at Tracy and the Middle Riberriers (i.e., notch the weir)
and remove the flashboard structure at the Grant Line CBaaler to provide passage for upigrating
adult salmonids. By November 3DWRmust remove all three barrierg.e., weil) and tie open the flap
gates for the Old River at TraBgrrierandthe Grant Line Can&arrier as well as the flashboard
structure,
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Juvenile CHNWa&hd CHNSRavehistorically been observed in salvage at the CVP and SWP export
facilities during spring operations of the south Delta temporary barrigcsoss water years 1993

through 2022 AD naturabrigin CHNWRss occurredrom December through Junevith loss

observed in June only in water year 2088¢(Section5.2.1.2¢ Historical Loss of Juvenilthinook

Salmonat the CVP and SWP Export Faciltig#de number of juvenile CHNWR potentially impacted by
the barriers during angiven year is unknown as the number of juvenile CHNWR present in the interior
Delta varies annually and is largely unmonitocediside of salvagerThis is evident by looking at

historical loss of LAD naturatigin CHNWR from water years 1993 through 2022, which shows juvenile
CHNWR loss ranging from 01621 fish in April, O to 58 fish in May, and 0 to 8 fish in Jéweoss the
samewater years, LAD naturarigin CHNSR loss occurifedim January through Junevith loss
observedoncein Octoberof wateryear1998 and once in Septembef water year2000 Genetically
identified naturatorigin CHNSR loss was also observed once influter year2017.Historical peak

loss ofLAD naturabrigin CHNSR occurs from March through May, overlapping both construction and
intermediateculvertoperations with low levels of loss occurring during full culvert operati@isen
yearling and YOY CHNSRHigtory diversityand historical observed los€HNSRBre present in the

Delta for longeperiodsof time and at higher numberthan CHNWRTherefore, CHNSRposure to the
barriersis likely greater than CHNWR.

During construction (May-15), therisk of juvenile CHNW#&hd CHNSR1pactsis substantially reduced
because théarrier flap gatesill be tied openwhich will allow juveniles to move freely upstream and
downstream of the barrierdDuring intermediate culvert operatior{day 1631), fish passage is limited
due toall but one barrier flap gate in tidal operatioriaull culvert operations only begin when average
daily water temperature is unsuitable for fisBDFW 2028). While flap gates are in tidal op&ions,fish
passagehrough the barriers can be delayed leading to increased entrainime@td River, Middle

River, and/or the Grant Line Camasulting in reduced survival and/or routing into the south Delta
export facilities, and increased delays in emigration increasing vulnerability to predation and high water
temperaturesthroughout thespring The temporary barriers may also increase juvenile CHERNAR
CHNSRulnerability to predation through creation of enhanced predatory fish habitat adjacent to the
barriers South Delta exportsnay facilitate the entrainment and routing of additional CHNsv&
CHNSRom the interior Delta into Old River and toward ttemporarybarriers, ultimately leading to
the export facilities.

DWR(2018) evaluated theffects of theSouth DeltaTemporaryBarriers Projecton the movement and
survival of emigrating juvenile salmonjdsghich further substantiatethe impactsidentified above The
study showedhat juvenile salmonid survival wasnsiderablyeducedfollowingthe construction of the
temporarybarriers duvenilesurvivalwaslowestduring fullculvert operations (i.e., barriginstalled

with flap gatesset to tidal operationy with juvenilesurvival improvedduring intermediate culvert
operations (i.e., barriexinstalled withone flap gatetied open). Juvenile salmonids were typically preyed
upon upstream of the barriersvhere predator density was highesthile delayed on their downstream
migration. Thepresence of théarriersalsoincreased the time that juvenile salmonids spent in the
vicinity of the barriersearching for a pathway thrgh the barrier which likely increased their
vulnerability to predatorsBased on construction designygnile salmonids encountering the barriers
move downstreanvolitionallythrough open culvertshowever, the DWR (2018) study showhdt few
fish were alsanoving over thebarrier when flap gates werged open When the barrier flap gatesere
tidally operated, fistpassage only occurreshen the flood tide pushethe flap gateopen. Under
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these conditions, more juvenile salmonids went over ltaerier but could only do so when flows
overtopped thebarrieron flood tides or on ebb tides before the water elevations declined to the point
where water depth was diminished over the crest. By increasing the time that juvenile salmonids spent
in the vicinity of the barriers, the fish were also vulnerable to bexmpsed to elevated water
temperatures as the season progressed.

Minimization ofeffects of the South Delta Temporary Barriers ProgtCHNWR and CHNSR are
discussed irbection & ¢ Minimization ofEffects of South Delta Temporary Barriers Progéchis
Effects Analysiand include theémplementation of Conditions of Approviaquired by the 2024 SWP
ITRP

5.6. Effects of Water Transfers on Chinook Salmon

DWRand Reclamation will continue fmrovide awater transfer window from Julihrough November
consistent with modifications to extend the window into Novembsrapproved by NMFS (2G9
USFWS (2019), and CDFW (2)20d as provided in the ITP Application (DWR 2082edon
historical observations of juvenile CHNWR and CHNSR in thejDedtaile CHNWRre likely to be
present in the Delta durinthe majority of the water transfer windoywwhereas juvenile CHN@Re only
likely to be present at the end of the water transfer wind(seeAppendix A; Winter-run and Spring
run Chinook Salmon Temporal Occurrence in the D&gcificallyjuvenile CHNWR are likely to be
present in the Delta as early Asigustas determined bypassage at Knights Landjmgth CHNWR
presence increasingprough November, especially if early season storms create flow conditions in the
Sacramento RiveBasin to stimulate downstream moveme(deeSection 4.1.6€ Rearing and
Outmigrating Jueniles in the Bafelta) Juvenile CHNSR are likely to be in the Delta as early as
November as determined by passage at Knights Landingatod at Sherwood Halo andSacramento
beach seininghowever yearling CHNSR may be present as early as Ocidgthethe majority of
migration occurring in November if upstream precipitation events in tributary watersheds stimulate
downstream migratior{seeSection 4.2.€ Rearing and Outmigrating Juveniles in the Hagltg

Johnson and Merrick 201 2Adult CHNWRNnd CHNSR are likely to be present in the Delta during the
water transfer periodwith adult CHNWR timing in the Delta beginning in November and extending
through August and adult CHNSR timing in the Om@inningin January anéxtendingthrough
September geeSections4.1.8.1and 4.2.8.1¢ Adult Migration.

ForCHNWR and CHNBRsent in the Delta during the water transfer window, there will be an increase
in impacts as a result aitered hydrodynamics in waters adjacent to 8% P and SWéXport facilitiesf
exportsare increasedo implement a water transferAltered hydrodynamics andcreased exportsay
lead toanincrease irrouting alterationsfor CHNWR and CHN&Rlincreasethe risk of CHNWR and
CHNSRntrainment into the interior Delta an@VP and SWéXport facilities. Increases suboptimal
routing and entrainment will result in delayed emigration, increased exposure to predators, and
decreased survival ratesvhich mayresult inmore pronouncedmpactsto juvenile fishas compared to
adult fish (NMF201%).

If water transfers originate from reservoir releases, all life stages of CHNWR and CHNSR may be
impacted by the transfer window. Particularly, water transfers during the fall montSgpfember
throughNovember may contribute to redd dewatering and juvenile stranding downstream of reservoirs,
impacting spawning adults, redds, incubating eggs, newly emerged fry, and juveniles. If flow releases
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from reservoirs are ramped up to conductvater transfer, spawning adults and rearing juveniles may
begin occupyingreas in the stream channel that were not previously inundated with water. Spawning
adults may build redds and lay eggs in these areas. If flows are dropped or rampedagiaiy these

redds with incubating eggs and/or emerging fry may become dewaterbé subjected to poor water
guality conditions such as low dissolved oxygen levels and elevated water temperatures, and suffer
subsequenmortality. Inundated areas during transfers may create pools, side channels, or other areas
that may attractassembhgesof juveniles. If flows are dropped or ramped dovapidly, these juveniles
may not react quickly enough to swim out of these areas before they are disconnected from the active
stream channelJuvenile maybecome stranded where they may be subjected to poor water quality
conditions (e.g., low dissolved oxygen, elevated water temperatures), increased predation, and suffer
subsequenmortality. DWRhas conducted historical redd dewatering monitoring in the Feather River in
2010, 2012 through 2014, 2017, and from 2021 through 2@2®nook Salmoredd dewatering

occurred in the High Flow Channel of the Feather River, where flows are variable, in 2013, 2014, and
2022, resulting in the exposure ofie redd, two redds, andour redds, respectivelfDWR 202§).

Since 202, DWRhasmonitored flow ratesaccording to a CDFapproved Water Transfer Monitoring
Planprior to, during, and after all water transfewghen triggered byhe Feather RiveDperationsTeam
andinitiated redd distribution, redd dewatering, and juvenile strandimgnitoring, if needed(DWR
2021c). DWRreported eachredd dewatering and juvenile strandirgyent observedo CDFWwithin 24
hours of the eventMonitoring and reporting eventduringthe water transfer windowhelpto further
understandimpactsof water transferson all life stages of CHNSR water yeas 2021 and 2023, redd
dewatering monitoring was initiatefibllowingobservation of a Hallprint spawned female carcass in the
High Flow Channef the Feather RivgilDWR 2028, 2024]). Additional redd dewatering monitoring
was conducted tanonitor flow changes thatouldimpactdowndream CHNSRedds DWR will continue
to use the same procedures and timeframe for reporting detailed in the 20ar Transfer
Monitoring Plan or updated plan approved by CDRwth oversight from thenewly developed Feather
River ProgramThe existingnteragencyeather River Operations Team will atemtinue toreview the
Transfer Operations Study evaluate whether transfer operations may result in redd dewatering
and/or juvenile stranding. If actions proposed to administer water transfeagcreate a redd
dewatering event or exceed monitoring thresholds, DWR will conduct monitaridgcument the
outcome ofthe actions(Grimaldo 2024).

5.7. Effects ofOperationsat the Suisun MarshH-acilitieson
Chinook Salmon

Physical facilities in Suisun Marsh and Suisun Bay include SMSCG, the RRDS, the MIDS, and the GYSO.
Additional facility details are included tine 2024 SWP ITP Project Description.

5.7.1. Suisun Marsh Salinity Control Gates

The SMSCG are located on Montezuma Slough abhoutiles downstream of the confluence of the
Sacramento and San Joagtivers. The objective of SMSCG operation is to decrease the salinity of the
water in Montezuma Slough.ow salinity water from the Sacramento Riisedirected into Montezuma
Slough on the outgoing ebb tide. Higher salimgter from Grizzly Bay is restricted from entering
Montezuma Slough during incoming tiddsie SMSCG are operatas neededluring the salinity
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control seasorirom October through Mayo meet salinity requirementsf D-1641at multiple

compliance point$n eastern and westersuisun MarshOperation of theSMSC@ response to salinity

can be impacted by hydrologic conditiomgather, Delta outflow, tidesand fishery considerations

(DWR 2023f)in addition to the October through May operatisto meet Suisun Marsh water quality

standards DWRwill operate the SMSCG for60daystd EAYAT S G KS ydzYoSNJ 2F RI &4&
Landing3-day average salinitig equal to, or less than, 4 practical salinity units (psu) to maximize the

spatial and temporal extent ddSlow salinity zone habitat in Suisun Marsh and GrizzlyoBtyeen

June and October of dry, below normal, and above normal water years (Conditiépprovald.1.3¢

Delta Smelt Summetall Habitat Actioh In dry years followingoelow normalyears DWRwill operate
SMSCGor30daysi 2 YIFEAYAT S (KS ydzy oLémdihg2diy aRdragessalivitt &yal . St RS
to, or less than 6 psu to maximitee spatial and temporal extent dSlow salinity zone habitat in

Suisun Marsh and Grizzly B&pnditions of Approval.1.3¢ Delta Smelt Summédsdl Habitat Action.

The gates will most likely be operated during the summer (July and August) DBieabitat needs are

high.

Adult CHNWR and CHNSR are likely to be present during the SMSCG operational period of October
through May potentially delaying upstream migration gpawning habitatThe boat lock portion of the

gate is held partially open during SMSCG operation to allow continuous salmon passage but could be
closed temporarily for boat traffic (DWR 2023 dult CHNWR and CHN@Rsence during operations
between June to October is less likely as most adults have migrated to upstream tributaries by this time
though theymay be presenin low numbers(see AppendiA ¢ Winter-run and Springun Chinook

Salmon Temporal Occurrence in the Delfvenile CHNWR are likédybe present during the SMSCG
operational period from October through May, but not during the operational period between June and
October. Juvenile CHNSR emigrate as both YOY and yearling, so they have the potential to be present
during the October throug May operational period and potentially in Jused JulyseeAppendix A
Winter-run and Springun Chinook Salmon Temporal Occurrence in the Delta

Salmonid smolt predation btriped Bass(Morone saxatilisand Pkeminnow(Ptychocheilus
oregonensiscould be exacerbated by operation of the SMSI@&he Delta, predatory fishesan
congregatein areas where prey amisplaced frontheir usual migratory pathwagandare more easily
targeted due tadisorientation from unnatural hydrology om water structure§Grossman 2016)
Pikeminnow are not typically major predators of juvenile salmonids (Brown and Moyle 1981), but both
Pikeminnowand Sriped Bassare opportunistic predators that will take advantage of localized,

unnatural circumstanced.he SMSCG provides an enhanced opportunity for predation because fish
passage is reduced when the structure is operating. During operation of the gates from October through
May, DWR proposes to limit the operation of the SMSCG to periods required foliaoogpwith salinity
control standards, and this operational frequency is expected to b20l@ays per year. This limited
operation of the SMSCG will not provide the stable environment which favors the establishment of a
local predatory fish population ahthe facility is not expected to support conditions for an unusually
large population ofriped Bassand Pkeminnow; so predation impacts are minimal during these
operations. As described above, adult and juvenile CHNWR and CHNSR prageatly ieduced

during July and August when the SMSCG would most likely be operated for the Delta Smelt-Fathmer
Action(Condition ofApproval9.1.3, thus predation and other impacts to salmon due to operation of

the gates is not anticipated.
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5.7.2. Roaring River Distribution System

The RRDS begins at Montezuma Slough just west of the SMSCG and runs westward through Grizzly
Island to Grizzly BalPWR operates the RRDS to divert wdtem Montezuma Slough on high tides into
the RRDS through a bank of ei@tinch (L.5-m) diameter culverts equipped with fish screens that
empty into a 4Gacre intake pond raisinidpe water surface elevatiom the RRD8bove that of adjacent
managed wetlands. Thatake pond helps control water levels in the slough running through Grizzly
Island to nealGrizzly Bay used to deliviewer-salinitywater to 5,000 acres of private and 3,000 acres

of CDF\Wmanaged wetlands on Simmons, Hammond, Van Sickle, Wheeler, and Grizzly islands.

The RRDS intakes are screeteeghysically exclude fish greater than 25 nmiength frombeing
entrained. DWR operates the RRDS intakes at a maximum average daily approach velocity of 0.2 ft/sec
except between September 14 and October 20 when approach velocities increase to 0.7 ft/sec for fall
flood-up operations.

Impacts on CHNWR and CHNSR due to RRDS operations may occur in the form of mortality associated
with entrainment, impingement, and screen contact. Impacts on CHNWR and CHNSR may also result

from nortlethal impingement/screen contact, increased vulnerapili predation, and potential

migration delays for adult CHNWR and CHNSR. It is unknown how frequently juvenile or adult CHNWR
and CHNSR encounter the RRDS intakes or become impinged or entrained. Given relatively low

approach velocities and use of fishresens, the likelihood of juvenile and adult CHNWR and CHNSR

contact with the fish screens is low and the overall effect of the RRDS on CHNWR and CHNSR is expected
to be minimal.

5.7.3. Morrow Island Distribution System

The MIDS is located on Goodyear Slough south of Pierce Harbor and consists of three unscreened 48
inch (1.2m) intakes that allow DWR and Reclamation to provide fresher water to managed wetlands by
diverting drainagewater from Goodyear Slough through a distribution channel bisecting Morrow Island
and discharge into Suisun Slough and GrizzlyBaR and Reclamation operate the MIDS yeand,

but most intensively from September through June. When managed wetlands are filling and circulating,
water is tiddly diverted from Goodyear Slough just south of Pierce Harbor.

Impacts on CHNWR and CHNSR due to MIDS operations can occur in the form of mortality associated
with entrainment through the unscreened intakes. Impacts on CHNWR and CHNSR may also result from
increased vulnerability to predation and potential migrationajes for adulCHNWR and CHNSR. NMFS
(2009) notes that entrainment studies between 2004 and 2006 identified two CHNFR-#% (88 in

length) captured indicating that entrainment of fish larger than 25 mm is possible through the MIDS
However,it is unknavn how frequently juvenile or adult CHNWR and CH&8Runterthe MIDS

intakes or become entrainedhe overall effect of the MIDS on CHNWR and CHNSR is expected to be
minimal.

5.7.4. Goodyear Slough Outfall

The GYSO is located at the confluence of Goodyear Slough and Suisun Bay and consists of a 21 m wide
by 853 m long dredged channel connecting the slough with the bay. The GYSO operates as four

175



unscreened 1.2n diameter culverts (passive intakes) with flap gates on the Suisun Bay side to allow
drainage water from Goodyear Slough to discharge into Suisun Bay. The GYSO is equipped with vertical
slide gates on the Goodyear Slough side to allow DWfbse the system for maintenance and repairs.
When the slide gates are open only trash racks obstruct entry into and out of the sy$ter@.YISO was
designed to increase circulation and reduce salinity in Goodyear Slough to provide higher water quality
to managed wetlands flooded yoodyear Slough wateDWR (2024f) indicates thatbause the GYSO

is an open system, any fish thextter the systemwould ke able to leave via the intake or the outfall

Impacts on CHNWR and CHNSR due to GYSO operations may occur in the form of mortality associated
with entrainment through the unscreened intakes. Impacts on CHNWR and CHNSR may also result from
increased vulnerability to predation and potential migratioriayes for adult CHNWR and CHNSR. It is
unknown how frequently juvenile or adult CHNWR and CHNSR encounter the GYSO or become
entrained. The overall effect of the GYSO on CHNWR and CHNSR is expected to be minimal.
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6. Minimization of Takeand Impactsof the Takingon

Winter- and Springrun Chinook Salmon

The following sections descril®w Conditions of Approval includedtime 2024 SWP ITWill minimize
take of CHNWR and CHNsSBH® impacts of the takinlgy Project infrastructure and operations.

6.1. Minimization of Project Effects on Routing, Rearing, and
Survival of Chinook Salmon

The followingConditions of Approval included in t2024 SWHRTP minimizéake of CHNWR and CHNSR
and impacts of the takingesulting fromchanges in routing, rearing, and througtelta survival
associated with the Project

6.1.1 Conditiors of Approval8.11.10perationof Georgiana Slough
Salmonid Migratory Barrieand 7.9.6Georgiana Slough Salmonid
Migratory Barrier Effectiveness Studies

Condition of Approva.11.1requiresDWRto continue to annually install and operate the Georgiana

Slough Salmonid Migratory Barrier Project through the duration e2024 SWRTP to deter

outmigrating juvenile CHNWR and CHNSR from entering the interior, Deftsistent with the Adaptive
Management Program for the024 SWRTP §eeAttachment4 to the 2024 SWRTP) This ongoing

effort was initiated in 2021 under the 2020 SWP ITP Condition of Approvab8@IWRwill adhere to

the existing Georgianglough Salmonid Migratory Barrier operations and monitoring plans, and any
updates to these plans, developed jointly by DWR, CDFW, NMFS, and USFWS (see Section 4.1.6
Rearing and@utmigrating Juveniles in the BBeltg CDFW 2020d, DWR 2022c, DWR 2D22QWR

(2022z) identified the BAFF as the preferred barrier technology to be installed at the junction of the
Sacramento River and Georgiana Slough. The BAFF consists of acoustic transmitters, a bubble curtain to
capturethe sound, and a light array fhuminate the bubble curtain and simulate a physical barrier

DWRwill operate the barrier annuallgo later thanNovember 18hrough April 30, and potentially into

May, based on avaitdlity of power resources (DWR 2@22The operations period overlaps with the
outmigration of juvenile CHNWR and CHNSR; however, if operations cease before Magtsome
migratingCHNSR could be left without routing protectivom Georgiana Slougis they complete their
downstream emigration (see Section 4.2.Rearing and Outmigrating Juveniles in the-Bajta). DWR
installed and began full operation of a BAFF on November 29, 2023 (DW&.2D23ng operations,

DWRwill continue pilot investigationge.g., reattime fish tracking, predator studies) to evaluate and
NEBEFAYS (GKS O0FNNASNRAE STFAOASyOe 2F LINBOf dzZRAYy3I 2dz0
and any subsequent CHNWR and CHNSR thiibalh survival differences for the two migoay

pathways Condition ofApproval 7.9.6; Georgiana Slough Migratory Barrier Effectiveness Stud&gR

2022v). During the pilot investigation®WRwill also evaluate upstream passage of adult CHNWR and
CHNSR to ensure the barrier does not obstruct ngash migration. The operations and monitoring

plans include CDFW involvement and approval to ensure the barrier provides benefits to CHNWR and
CHNSR and will not be detrimental to the continued management and recovery of CHNWR and CHNSR.
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Initial studies to quantify the effect of BAFF operations on juvenile routing into Georgiana Slough were
conducted in 2011 and 2012, following the installation of a BAFF at the junction of the Sacramento River
and Georgiana Slough (DWR 2012, 2015a) BRtg- was operated during juvenile Chinook Salmon
outmigration from March 15 to May 16 in 2011 and from March 6 to April 28 in 2012. Royg00; 1
acoustically tagged hatchenrigin CHNLFR smolt sized fish were released upstream of the barrier
during each study year in small daily groups while BAFF operation switched between on and off over 25
hour tidal cycles. In 2011, tagged hatcherygin GHNLFR entrainment into Georgiana Slough decreased
67% when the barrier was on compared to when it was not operating. In 2012, tagged hatcigany
CHNLFR entrainment into Georgiana Slough decrdasaldout 50% when the barrier was pn

compared to whentiwas not operating. During these studies, flow was found to impact juvenile

Chinook Salmon entrainment into Georgiana Slough. Sacramento River flows were higher in 2011 than
2012, which decreased overall entrainment probability into Georgiana Siaufi ] but entrainment
probability was likely reducefdirther for fishin close proximity to the Georgiana Slough junctitbn

2012, the BAFF still decreased entrainment probability even though flows were condiolerdidvas

thought thatjuvenileChinook 8lmon had more time to orient themselves away from the BAFF. In
addition, flows are believed to influence the probability of juvenile Chinook Salmon encountering
predators(seeSection 51.4 ¢ Effects of Georgiana Slough Salmonid Migratory Barrier on Routing and
Survival. While these preliminary studies show the potential benefits of the BAFF operation, additional
work is needed to understand the efficiency of the barrier and any additional impacts it may have on
Chinook Salmo(Condition ofApproval7.9.6¢ Geagiana Slough Migratory Barrier Effectiveness

Studies.

6.1.2. Condition ofApproval8.11.2EvaluatePotential Options for
Increased Routing into Sutter and Steamboat Sloughs

Condition ofApproval8.11.2requiresDWRcontinue to investigatend evaluateof potential methods

for increasing througibelta survival of Chinook Salmon and cortgketions required under the 2020

SWP ITP Condition of Approval 8.8 Pvaluate Benefits of Salmonid Guidance Structures at Sutter and
Steamboat Sloughs. Studies have shown that juvenile Chinook Salmon migrating through Steamboat
Slough can have higher sural compared to those migrating through alternate pathways particularly
during lower flow conditions (Johnston et al. 2018; 8irgf al. 2020). Acoustically tagged hatchery

origin CHNFR and CHNSR were found to have higher survival when migrating through Steamboat Slough
compared to the Sacramento River mainstem in 2013 and 2015 (Singer et al. 2020), and survival of
hatcheryorigin CHNLFR and CHNWR through Steamboat Slough was also higher compared to survival
through the Sacramento River mainstem, Sutter Slough, and Georgiana Slough in 2021 (NMFS 2024).
Modeling conducted for the Sutter and Steamboat Sloughs Guidance Structurati®ralReport, as

required under the 2020 SWP ITP Condition of Approval 8.9.2, also simulated higher baseline survival
rates for Steamboat Slough than the Sacramento River mainstem, Sutter Slough, and Georgiana Slough
(DWR 2028). In lower flow conditions, juvenile Chinook Salmon migration through Steamboat Slough
has been shown to result in higher survival than other rouf®&/R in collaboration with the Guidance
Structure Evaluation Working Group (GSEWG), evaluated the potential benefits of salmontguida
structures at Sutter and Steamboat sloughs under the 2020 SWP ITP Condition of Approval 8.9.2.
However, none of the specific salmonid guidance structure alternatives evaluated were determined by
DWR to substantially improve throudbelta survival of juenile Chinook Salmon. Due to thetential
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survival benefitgor juvenile salmon migrating through Steamboat Slough, other potential methods for
increasing routing through Steamboat Slough, possibly including additional technologies that were not
previously considered, warrant investigation. Under Condition of App&tdl.2 within six months of

the effective date of the ITBBWRwill reconvene the GSEWG, which may include representatives from
DWR, CDFW, NMFS, USF8Y®PContractors, and ReclamatioDWR with the support of GSEWG, will
address CBW comments and initiate and complete sensitivity analyses defined by CDFW in the Draft
Sutter and Steamboat Slough Guidance Structure Evaluation Report developed under the 2020 SWP ITP
Condition of Approval 8.9.2. Within two years of the effective datdeflITP DWRwill submit the

updated Draft Sutter and Steamboat Slough Guidance Structure Evaluation Report, which incorporates
CDFW comments and additional sensitivity analyses, to CDFW for review. Within four months of
receiving CDFW revieDWRwill update the evaluation report and submit the final Sutter and

Steamboat Slough Guidance Structure Evaluation Report to CDFW for approval. Within one year of the
finalization of the evaluation reporDWRwill reassess actions to improve salmon survival in the Delta,
possibly through increased routing into Steamboat Slough, using tools developed and refined through
GKS {dzidSNJ YR {GSFYo2Fd af2dzaAKa Sg@rfdza A2y STT2N

6.1.3. Condition ofApproval8.12Sping Delta Outflowlmplementation

Condition of Approva.12requiresDWRto supplement Deltautflow during spring months to
minimize take of Covered Species, including CHNWR and CHNSR, by reducing entrainment into the
interior Delta and south Delta CVP and SWP export facilities, as well asrmggvéhter quantity and
quality ofrearing habitat in the Deltrom increased water availabilitrhese benefits afpring Delta
outflow are anticipated tdncrease survival of outmigrating juvenile CHNWR and CHiY8Rg Delta
outflow will be achieved initially through implementation measures that mirrothe 2020 SWP ITP
Condition of Approval 8.17 Export Curtailments for Sprir@utflow (Condition of Approval 8211 ¢
Sping Delta Outflow Via Export Curtailment®)VRwill implementa combination oexport reductions
and Delta inflow augmentation as required ®gnditions of Approval 8.12(3pring Delta Outflow Via
the Healthy Rivers and Landscapes Progr&mx2.3(Planning and Reporting Implementation of Spring
Delta Outflow Via the Healthy Rivers and Landscapes Prygaach8.124 (Consultation Regarding
Deployment of Spring Outflow Via the Healthy Rivers and Landscapes Prdgraimgyvater years when
the HRLsimplemented consistent with those Conditions of Approval.

Spring Delta Outflodmplementationwill be achieved one of two way€ondition of Approval 82.1
(Spring Delta Outflow Via Export Curtailmem&xjuires DWR taleployspring Delta outflow in April and
May each yeaconsistent with Condition of Apprai/8.17 in the 202BWR TP Specifically, DWR is
required toreduce exports from April 1 to May &hch year to achieve the SWP proportional share
(Condition of Approval 8) of export reductions established by the ratio of Vernalis flow (cfs) to
combined CVP and SWP exports, scaled by water year type, to provide spring outflow. In svatiical
year, the ratio of Vernalis flow to CVP and SWP combined expitirtse 1 to 1. In a dryvater year, the
ratio of Vernalis flow to CVP and SWP combined expaltbe 2 to 1. In a below normalater year, the
ratio of Vernalis flow to CVP and SWP combingubes will be 3 to 1. In an above normal or wehater
year, the ratio of Vernalis flow to CVP and SWP combined expitirtse 4 to £. In wet yearsSWP
export curtailments required by this Condition of Approval for spring outflow in April and May are

8 Ratio adjustments for mukyear droughts as outlined in the 2009 NMBES willapply (NMFS 2009)

179



limited to 150 TAFFor the purposes of this Condition of Approtae{ I y W2 | |j dzA2¢fn & d £ f S @
Water Year Hydrologic Classification and Indicator as defined in thB&tWater Quality Control
Plan (SWRCB 2008l beused.

Additionally, as a part of Condition of Appro®al2.1, DWR is not required to restrict operations as
described above under either of the following circumstandg#: the 3-day average Delta outflow is

greater than 44,500 cfs, then Projemperationsare notcontrolled by this Conditionf Approvaluntil

the flows drop below 44,500 cfs or3aday averageand2) DWRwill not be required by this Condition

of Approval to restrict exports at the Banks Pumping Plant below its minimum health and safety exports
of 600 cfs.

In years whernhe HRLisimplemented Condition ofApproval 8.12.ZSpring Delta Outflow Vihe
Healthy Rivers and Landscapes Progreequires DWRb provide 50 TAF of Delta inflow that is
dedicated to Delta outflow in March of dry, below normal, and above normal wetrswhich DWR
will facilitate through upstream land fallowing and subsequent reservoir releasdsssapproved by
CDFW to deploy flows in April or M&ondition ofApproval 8.12.2 alsmequires DWR tprovide SWP
south Delta foregone exports in April and Maydof, below normal, and above normal water years.
Specifically, DWR is required to provide 92.5 TAF of Delta outflow via export reductitpaii below
normalwater yearsand117.5 TAF iabove normal water yearseeTable5 of the ITP)DWR
conducted a comparison of the water volumes in Table 5 of the ITP to the outflows that would be
expected, on average, in above normal, below normal, and dry water year types if Condition of Approval
8.121 was implemented and concluded that they are equivalent (DWR&0R¥WR may deploy export
reduction flows in March or June, if approved by CDR®increase in Delta inflow durirsgring

months is anticipated to increase survival of juvenile CHNSR migrating through the Feather River
Sacramento Rivdry providing improvedh-river rearing conditionsincluding reductions in pathogen
loads andexposure An increase iispring Delta inflow ialsoanticipated to increase survival pfvenile
CHNSR and CMMR migrating through the Deltay providing improvedeltarearingconditions and
reduced entrainment into thénterior Deltaand south Delta export facilities

Conditions of Approvad.12.1 and 8.12 are represented in CalSignmodeling as two different
Proposed Project scenarios. The ITP_Spring modeling scenario incorporates all proposed SWP
operations andcontinuedimplementation of 2020 SWP ITP Condition of Approval @ Bxport
Curtailments for Spring OutflogCondition of Approval 8.12.17he 9A_V2A modeling scenario
incorporates all proposed SWP operations @WK a O 2 y U Kik ERIdirdughyéxparteductions
and reductions in tributary diversioras described abovgCondition of ApproveB.12.2) See Section 5.1
¢ Effects of South Delta Export Operations on Rearing, Routing, and Survival of ChinookaBdlmon
Appendix @ CalSim Modeling Resuftsr additional details on CalSim 3 modeling of the Proposed
Project.Conditions ofApproval 8.12.1 and 8.12\ill minimize takeof CHNWRand CHNSRigrating
through the Delta during spring months. Specifically, Condition of Approval §iditlesequivalent
outflow conditionswhen implemented irApril and May and Condition of Approval 8.12.2 provides
improved outflow coditionswhen implemented between March and May. Condition of Approval 8.12.2
also provides improved outflow conditions for juvenile CHNSR on the FeatheopRikierSacramento
Riverwhen the 50 TAF Delta inflow block is deployed.
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6.1.4. Condition ofApproval 7.9.3SpringRunChinook Salmon Juvenile
Production Estimate andondition of Approval7.9.4SpringRun Chinook
SalmonLife Cycle Model

Condition of Approvar.9.3 requiresDWRto fund and support the continued development of a CHNSR

JPE framework initiated in 2020 under the 2020 SWP ITP Condition of ApprovéCDBWY 2020d),

consistent with theAdaptiveManagement Rogram(seeAttachment 4to the 2024 SWP [Jor the

2024 SWP IT@Ree Section 4.2.2.1clJuvenileProduction Estimat®evelopment). This ongoing effort

will utilize the existing CHNSR JPE Science Plan (DWR et al. 2020), the CHNSR JPE Interim Monitoring
Plan (Allison et al. 2021), the CHNSR JPE Run Identification Research and Initial MBlato&ogo et

al. 2033), the CHNSR JPE Data Management Strategy (Harvey et al. 2022), and the CHNSR JPE Decision
Charter (Horndeski 2022), and any updates to these plans, to meet the goal of developing an annual
CHNSR JPE for implementation in 2026.

The CHNSR JPE Science Plan establisheédHtiERPE Core Team with representatives from DWR,
CDFW, NMFS, Reclamation, USFWSS¥WIContractors as well as four subteams to manage different
aspects of CHNSR JPE development (DWR et al. 2020). With guidance from the CHNSR JPE Interim
Monitoring Plan (Allison et al. 2021), Stream Teams initiated new and ongoing monitoring in CHNSR
natal tributaries upstream of the Delta and at Delta entijonitoring includesdult passage and
escapement surveys, juvenile egrition monitoring usingRS$and fyke traps, trap capture efficiency
studies, and juvenile outmigration survival studies. The Run Identification Team initiated rapid genetics
i.e.,the SHERLOCK methodol@Bwrervald et al. 2023)and traditional genetic techniques at these key
ecological and management relevant locations to enhance identification accuracy of CHNSR by
informing the development of the PLAD model for future run identificat®oréet al. 2038). This
improvement in run identification over thexisting LAD model will help estimate CHNSR juvenile
abundance and cohort strength across the freshwater landscape and expand and enhattiteerdish
survival and movement monitoring.

TheCHNSRPE Core Team has proposed six draft JPE approaches (DWRH2Q28e currently being

further developed by the Modeling Team and Data Management Team using environmental and

biological monitoring data coupled with PLAD model outputs to estimate CHNSR abundance (Harvey et

al. 2022). Guided b8DM Horndeski 2022), th€EHNSRPE Core Team will develop a CHNSR JPE

frameworkin 2025 composed of the recommended approach to calculate the CHNSR JPE and the

monitoring program required to provide data talculate the annual CHNSR JPIE. Adaptive

Management Steering Committenade of up representatives froBdWR, CDFW, Reclamation, USFWS,

and NMFSwill submittheCHNSRVt 9 / 2 NB ¢ S| YQa NBtOah ndepeyiderd peerf NI YS 4 2
review panel seeking feedbapkior to 20280 ! FGSNJ AYO2NLIR2 NI GAy3 GKS NBOAS
DWRand Reclamatioyin coordination with CDFW, USFWS, and NM#fi§repare a draft CHNSR JPE

Planin 2026that describes the approach to calculating a CHNSR JPE, as well as monitoring and special
studies needed to collect dafar the annual JPE. DWR and Reclamation willsaibmit this draft

CHNSR JPE Plan to @¢NSR JPE Core Téameview and feedbackNo later than six months after the
independent peer reviewDWR and Reclamation wslibmit the final JPE recommended framework to

CDFW and NMFS faaviewandapprovalfor implementation in 2026. Once the CHNSR JPE

recommendation is approved by CDFW and NNIWBRwill convene theCHNSRPE Core Team and
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four subteams to provide an annual CHNSR JPE using new data as it becomes available through
continued monitoring and science development.

Once developed, the CHNSR i3REpected to serva similar purpose for CHNSR as the current CHNWR
JPEs provide for CHNWIRe development of a CHNSR JPE is needed to facilitate the development of
additional CHNSR protective measures beyond $peingrun Chinook Salmon Surrogate Annual Loss
Thresholdgsee Section 6.2;&ondition of Approvad.4.5 that are informed by natural and hatchery
origin CHNSR production entering the Delite2026, theCHNSRPE Core Teawill evaluate the
minimization providedy the SpringRun Chinook Salmon Protective Action &dogate Annual Loss
Thresholds$ection 6.2.8Condition of Approval 8.5). Subsequently, DWR, CDFW, Reclamation, and
NMFSwill meet todiscuss development of a new or modifi@dMRminimization measure for CHNIR.
2027, if approved by CDFW and NMFS, WiRordination with Reclamation will implement the new

or modifiedCHNSR OMR minimization measuseg the initial CHNSR Jgfproach DWR will also
implementany changes to monitoring recommended through ®IdNSRPE Core Team SDM process
and continue to refine the JPE model and incorporating new data as it becomes available.

In 2028, the Adaptive Management Steering Committélg in coordination with the CHNSR JPE Core
Team, consider chartering and convening an independent peer review panel to provide feedback on the
CHNSR JPE model. In 2029 and 2030, if an independent peer review is convened, the CHNSR JPE Core
Teamwill review independent peer review panel feedback, and the CHNSR JPE Core Team will use SDM
to evaluate and implement changes to the CHNSR JPE model.

In conjunction with the development of a CHNSR JPE, Conditippodval7.9.4requiresDWRto fund

and support the development of a CHNSR life cycle model for the purpose of informing management
actions to improve CHNSR populations across the Central Valley. This life cycle model will reflect current
and future monitoring and will synopsize aumderstanding of various facets of CHNSR behavior,
strategy, and environmental impacts and how that relates to CHNSR survival over space abi\tine.
and Reclamabn will assemble &HNSRIife Cycle Model Management Team with representatives from
DWR, CDFW, NMFS, Reclamation, and USFWS to define management issues and objectives to be
addressed by the life cycle model. TBEINSRPE Core Team will be responsible for guiding the
development of the life cycle model with the support of a lead life cycle modeleCatidSRife Cycle
ModelingSubtam, included but not limited to, representatives from DWR, CDFW, Reclamation, USFWS,
and NMFSIn 2028, the CHNSR Life Cycle Modeling Suhtiaooordnation with the CHNSR JPE Core
Team will recommend an initial CHNSR life cycle modep@tentialindependent peer review
coordinated through théddaptiveManagement Steering Committelf.anindependentpeer review is
convenedthe CHNSRfe Cycle Modeing Subteam, in coordination with the CHNSR JPE Core Wélam,
review the review panel feedbaend the CHNSR JPE Core Team will use SDM to evaluate and
implement changes to the initial CHNSR life cycle mdaejether, the CHNSR JPE and the life cycle
model are key tools needed to reduce uncertainty regarding the timing and abundance of YOY and
yearling CHNSR entering the Delta from the Sacramento River and assess impacts of a variety of
stressors on CHNS#&sfurther explained in SectioB.2.8.4 the CHNSR JPE and life cycle model will be
usedthrough adaptive managemend develop minimization measures for reducing take of CHNSR
migrating through the Delta during Project operatideeeAttachment 4to the 2024 SWP ITP)
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6.1.5 Condition ofApproval7.9.5 Salmon Delt®ccupancy, Distribution,
and Survival Studies

Condition of Approval 7.9.5 requires DWR to continue implementation of annual regional juvenile
Chinook Salmon survival studies within the Delta to evaluate juvenile Chinook Salmoispeaiftc
survival, behavior, and route entrainment in the SacrameRiteer and Delta. Additionally, Condition of
Approval 7.9.5 requires DWR to lead a new working group to draft and implement a study plan to
expand the existing acoustic receiver network prioritizindamation of physical and biological data
collection thoughout the Delta. Expansion of the acoustic receiver array will inform forecasting of
entrainment rates, Delta occupancy timing and distribution, and respaific survival. The new

working group will also investigate other ways to improve monitoringnegnile Chinook Salmon

rearing, routing and througielta survival such as increased passive integrated transponder (PIT)
tagging and monitoring. Condition of Approval 7.9.5 requires DWR to submit a draft study plan to CDFW
for review and approval withia year of the effective datef the 2024 SWP ITP, and subsequently
finalize the study plan for implementation within four months of receiving CDFW feedback. DWR wiill
also convene the working group at least quarterly each year to review and revise annual study plans,
discuss study pgress, and review study data.

Enhanced monitoring of juvenile Chinook Salmon movement through the Delta paired with
environmental data will provide a more comprehensive understanding of Delta occupancy and survival
including specific areas that may be more frequently utilized for ngaaind contribute to higher

survival ratesExpanding methods and coverage of juvenile Chinook Salmon monitoring programs in the
Delta will also bolster our understanding of how Project operations impact juvenile CHNWR and CHNSR
migration behaviorhabitat utilization, residence time, predatioandlongterm routing which are

currently areas of uncertainty (see Section 54 Hffects of South Delta Export Operations on Juvenile
Chinook Salmon Rearing). For example, enhanced PIT tag monitoring will provide more information on
rearing and migration of smallesized jiveniles, which is currently lacking, and may help support more
comprehensive routing and survival modeling that incorporate behavior of multiple juvenile life stages
of Chinook Salmon rather &m only larger smoisized Chinook Salmon that rapidly transit the Delta (see
Section 5.% Effects of South Delta Export Operations on Rearing, Routing, and Survival of Chinook
Salmon)These data will inform redime management of Project operations and will support elements

of the AdaptiveManagementPlan (seeAttachment 4to the 2024 SWP IJPsuch as the development of

a CHNSR life cycle model and a CHNWR migration model. Additionally, these data may aid in the
development of habitat restoration progts focused on improving quality of and connectivity between
juvenile Chinook Salmon rearing areas in the Delta.
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6.2. Minimization of Project Effects on Entrainment of Chinook
Salmon

The following Conditions of Approval included in 8824 SWHTP minimize take of CHNWR and CHNSR
and impacts of the takingesulting fromchanges irentrainmentassociated with the Project

6.2.1.OMR Management as an Entrainment Minimization Measure

OMR Management in response to increases in loss of Covered Speditwir surrogatest the south
Deltaexportfacilities minimizes take of juveni@HNWR and CHNB8Rigrating through the Delta.
Management of OMR flows is recognized to help reduce negative effects of exports on CHNWR and
CHNSR, as stated in SST (2017):

Export effects that incrementally increase the routing of juvenile salmonids (either from the
Sacramento River or from the San Joaquin River) into the Interior Delta will incrementally reduce
2OSNY ff ada2NWAGEE XLY | RRA Gshrguting, 2he corc&ptualIM&I A O S R
predicts that OMR reverse flow management will decrease mortality by increasing the

probability that juveniles that enter the South Delta (San Joaquin River mainstem and channels

to the south and west of the San JoaquiveRmainstem) will successfully migrate out of the

South Delta to Chipps Islarddechanisms by which this might occur include: 1) reducing
SYGUNIAYYSyd i GKS SELRNI FFLOAtAGASAXT HO NBRA
reverse flow; and 3) imeasing the duration and magnitude of ebb tide flows and velocities,

relative to flood tides, which is expected to reduce the residence time of juveniles in the South

Delta and, therefore, reduce exposure time to agents of mortality

OMR Management was designed to reduce negative net OMR flowsnehEiime OMR restrictions
aretriggered by loss dfovered Species, includipyenile CHNWR an@HNSRurrogatesat the CVP

and SWexport facilities. A less negative net OMR flow is accomplished by export reduatitesCVP

and SWP expofacilities As indicated in Section 5.@gmbined salvage from both facilities provides the
bestmeans to effectively extrapolate the effects of south Delta SWP export operations on entrainment
of CHNWVR and CHNSRo the interior and south Delta (Smith 2019)MR restrictions and export
reductions provide protectiono CHNWR and CHNBRreducindgurther entrainment into the interior
Deltaandthe CVP and SWP export facilitidés documentedh SST (2017), higher numbers of juvenile
ChinookSalmonare salvaged during times when OMR is more negative. Reductions in the average daily
negativeOMRflowswill reduce entrainment of CHNWR and CHNSR into the interior Delta and increase
their survival byacceleratingheir emigration through the Delta (Perry et al. 2016). Thus, it is important
to have minimization measures thaill requlate OMRIowsto ultimately prevent or reduce the

number of fish entrained into the interior Deltmdthe CVP and SWéXport facilities where they

would experience high mortality rates. It is important that minimization measures provide protection for
the full scope ofife history strategiegxhibited byCHNWR and CHN8Roughouttheir emigration

period (see Section 4.4 Importance of Life History Diversity for Chinook SalmAn)OMR flow index

(OMR indexjs calculated using an equatigublished by Hutton (200&)nd used taletermine CVP and
SWP export limitations described in sections below.
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6.2.2. Condition ofApproval8.1.2Salmon Monitoring Team an@ondition
of Approval 81.6.2Salmon Monitoring Team Role

Condition of Approvas.1.2requiresDWRto convenethe Salmon Monitoring Teaif®aMT with
membership from DWR, CDFW, NMR&;lamationUSFWS, ar@WRCBrheSaMTwill meet duringthe
OMRflow management season (October through Jured otherwise as neededndreview
hydrologic,SWP and C\M#perational, fishery, and water quality data, and provide opportunities for
engagement andliscussion among biologsand operators on relevant information and issues
associated with thérojectand Rsk Assessmentprepared by DWR and Reclamation as required by
Conditionof Approval8.4.5 éeeSection6.2.8¢ Springrun Chinook Salmon Protection Action and
Surrogate Annual Loss Thresholds)

DWR and Reclamatiamill conduct weekly risk assessments to assess the risk of CHNSR entrainment
into the interior Delta and into CVP and SWP export facili8aMT will discuss and review information
included in these risk assessments to inform discussions in WOMTweekly risk assessmeifis
naturalorigin CHNSRée Sectior%.2.8; Condition oApproval 8.4.5ill evaluate a suite of monitoring
and hydrologic data sources to character@dNSRresence and distribution within the Delta and
hydrologt factors that influence entrainment risBaMT has a role in identifying yearling and YOY
CHNSR hatchery surrogates (see Section 6.2.8; Condition of Approval 8.4.5) and informing the
implementation of Storm Flex (see Section 8,Zondition of Approval 8.5%aMT will alseonveneand
provide operational advictllowing the exceedance df00% of thenaturalorigin or hatcheryorigin
CHNWR annual loss thresholds (see Seétidrb; Condition of Approval 8.4.3).

According to Condition of Approvall.6.2,SaMTagency leadwill provide expert advicéo their
associated Water Operations Management TefMOMT) representativesn reattime management of
Delta wateroperations that benefit emigrating CHNWR and CHIS8RTagency leads will notify their
F3SyOéQa 2 ha¢ MNEBiKIfSrésholdbr@dSteckior is br will be matrovide

input on Risk Assessments prepared by DWR and Reclamatidndiscuss and document differing
perspectives (e.g., neconsensu}on the relevant assessments and Conditions of Approval of théf ITP
consensuss not reached in SaM@gency representatives wibmpose and email to WOMT
summarizing the elevation topic and any supporting information and recommendafitblesupporting
information and recommendationsvhen elevated to the WOMT, can be used to determine when
protective actions for CHNWR and CHNSR are needed to minimize take at SWP exped facilit

6.2.3. Condition ofApproval8.1.4Water Operations Management Team

and Condition of ApprovaB.1.5Collaborative Approach to Redime
Decision Making

Condition of Approvas.1.4requiresDWRto convene theVNOMTcomposed of managdevel
representatives from DWR, CDFW, NM&&;lamationUSFWsand SWRCB. Each wekking the OMR
flow management season (October through June), and otherwise as néa@l T considers expert
advice provided by th&aMTto make final determinations for CHNVARd CHNS#®Rke minimization
needs andDeltawater operations. The WOMT has the authotiiyrequest operational changes at the
CVP an@®&WHPRexport facilitiesto manage OMRowsto an average daily OMR indeess negativeéhan
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the current daily OMR index. Condition of Appra®dl.5(Collaborative Approach to Rehe Decision
Making describsthe process by whichll available biological, abiotic, and operational information to
inform operational recommendations will be transmitted from tBaMTto the WOMT, and to the

Directors of CDFW ardWRIf resolution is not achieved in WOMT. If the Directors of CDFWD&R

do not agree, the Director of CDFW may reqD/Rto implement an operational recommendation
provided by CDFWhonsistent withthe Coordinated Operations Agreement, as amended in 2018
(Condition ofApproval8.7 ¢ SWP Proportional ShgrReclamation and DWR 2018hanges toward a

more positiveaverage daily OMRdexin response to risk assessments and operational advice will

reduce entrainmenbf CHNWR and CHNSR into the interior Delta and increase their survival by reducing
their emigration time through the Delta (Perry et al. 2016).

6.2.4. Condition ofApproval8.3 Onsetof OMR Management

6.2.4.1.Introduction

Condition of Approva.3requiresDWRto reduce exportdo achievea 14day average OMR index no

more negative than5,000 cfs during the duration @MR ManagemenOMR Management is intended

to minimize take of Covered Species, including juveBil®WRnd CHNSR emigrating through the

Delta, bycreatingless negativaaet OMR flows during the time th&overed Specieme expected to be
presentin the Delta and at risk of entrainment intbe interior and south Delta_ess negative net OMR
flows are accorplished throughCVP and SWéXport reductions and help reduce entrainment of

juvenile CHNWR and CHNSR into the interior Delta and the CVP and SWP exportifettikitiesuth

Delta For junctions on both the Sacramento River and San Joaquin Rig€i0@ cfOMR reverse flow

limit provides protection compared to more negative OMR reverse flow levels that would exert a larger
influence on flow routing at distributary junctions and, thus, on juvenile routing and survival (SST 2017).

OMRManagement can begin any time after December 1 if a First Flush AstieSdction 6.6

Condition of Approvas.3.1) or Adult Longfin Smelt Entrainment Protection Act{saeSection 6.6

Condition of Approvas.3.3 occur, or any time after December 20 if an Adult Delta Smelt Entrainment
Protection ActiongeeSection 6.6Condition of Approva®.3.2) occursDWR will reduce exports to

achieve a new OMR index within three days of an action that reqairasges to OMR flowH.none of

these actions occur in December, OMR Management begins automatically on January 1 and can extend
through the end of Junésee Section 6.20 ¢ End of OMR Management; ConditionAgproval8.6),

which overlaps with the emigration timing of juvenile CHNWR and CHNSR. Juvenile CHNWR begin to
enter the Delta as early as August and YOY CHNSRdwmveden entering the Delta as early as

November (CalFish 20@3though yearling CHNSR have also historically been observed in September
and October on occasion (see Sectto®.1.2.2¢ Historical Loss of Spriign Chinook Salmon). Juvenile
salmonids can spend up to three months rearing in the Delta before making their entry into saltwater
(del Rosario et aR013),which exposes these fish to risk of entrainment into the interior Delta and CVP
and SWP export facilities in the south Delta during the duration of their rearing and outmigration period.

CDFW compared naturaligin CHNWR and CHNSR loss at the CVP and SWP export facilities to natural
origin CHNWR and CHNSR catch data from the Knights Landing RST and Sherwood Harbor trawl
monitoring programs to assess the timing of juvenile CHNWR and GiiN$Rnd presence in the

Delta by January 1, which is the latest possible start date of MitRgement. Knights Landing is the
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point on the Sacramento River where juvenile CHNWR and CHNSR are expected to be entering the Delta
imminently, and Sherwood Harbor is just below the northernmost boundary of the legal Delta

CDFW conducted the following analysis to evaluate the effectiveness of Condifipproival8.3
(Onsetof OMR Managementh minimizing take of juvenile naturarigin CHNWR and CHNSR.

6.2.4.2 Methods

6.2.4.2.1 Data Retrieval

For this analysjsalvage dataf naturatorigin CHNWR and CHNS8®tlected at the CVP and SWP export
facilities in water years 2010 to 2022 were summarized from the CDFW&&yRegion salvage
databasg(CDFW 2022¢) and loss was calculated using the Chinook Salmon loss egaation (
Attachment8 to the 2024 SWP ITEDFW 2018

The Delta Model LAD critefdd SFWS 1997) were used to identify juvenile CHNWR and CHNSR at the
CVP and SWP export facilities. Natunagin CHNWR and CHNSR were clas$iisdd on the presence

2F Yy FTRALRAS TFTAY 0dadzy Of A LIIS Rdantfied haudatorigida CHNWRE &2 OF
and CHNSRhegeneticallyidentified naturalorigin CHNWR database for water years 2010 to 2022 was
consolidated by DWR, Reclamation, and CPWR et al. 20234 collaborativeQA/QCprocess was
conducted by DWR, Reclamation, and CDFW to prepare the genetic database for use in the
development of the nairal-origin CHNWR annual loss threshadgSection6.2.6 Condition of

Approval8.4.3 and naturajorigin CHNWR weekly distributed loss threshotgsSection6.2.7,

Condition of Approvas.4.4 for OMR ManagemeniThegeneticallyidentified naturatorigin CHNSR loss
database for water years 2017 to 2022 was consolidated by DWR and CDFW and does not include water
years 2010 to 201L@WR and CDFW 2023®bhere are caveats for both the LAD and genetic databases

for water years 2016 and 2019. Water year 2016 observed loss is potentially inaccurate given
unprocessed Chinook Salmon genetic samples of unknown sample size. Water year 2019 observed loss
is alsopotentially inaccuratdor both the genetic and LAD databashee to Giinook Salmon

enumeration issues at the Tracy Fish Collection Facility.

Catch data for LAD naturatigin CHNWR and CHNSR from the Knights Landing RST for water years 2010
to 2022 were obtained from the CalFish websBalfFist2023c). Geneticalidentified naturatorigin

CHNWR and CHNSR catch data from the Knights Landing RST were obtained from the CDFW North
Central Region for water years 2017 to 2019 (CDFWB02atch data for both LAD and genetically
identified naturalorigin CHNWR and CHNSR from Sherwood Harbor trawls were collected by the Delta
Juvenile Fish Monitoringrogram and downloaded from the Environmental Data Initiative (EDI) website
(Buttermore et al. 2021b). Sherwood Harlicawl catch data for LAD naturakigin CHNWR an@HNSR
were available for water years 2010 to 2022 and catch data for genetidalyified naturatorigin

CHNWR an@HNSR were available for water years 2017 to 2021. It is important to note that Chinook
Salmon captured ahe Knights Landin@STand Sherwood Harbotrawl were subsampled for genetics,

so catch of geneticaligentified naural-origin CHNWRnd CHNSBoes not represent the total number

of naturatorigin CHNWRr CHNShat may have been encountered. Additionally, catch numbetbet
Knights Landin@STand Sherwood Harbotrawl do not constitute total abundance estimates, rather

they are catch indices, and should not be used to assess population $tatusdditional information on
data sources and limitations s&DFW (2024b)
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To determine historical start of OMR Management for each water year, datesAtmohment 5,
Sectiors9.3.1.1 9.3.1.2, and.3.1to the 2024 SWP ITRhich examines whethe First RlishAction,

Adult Longfin Smelt Entrainment Protection Actiand Adult Delta Smelt Entrainment Protection
ActionConditions of Approvaliould have been met for water years 2010 to 2022, were analyzed to see
if conditions would have triggerednsetof OMR Management earlier than January 1. If First Flush
Action Adult LongfirBmelt Entrainment Protection Actioar Adult Delta Smelt Entrainment Protection
Action conditions were not met, an OMR Management start date of January 1 was utilized in this
analysisNote that the Adult Longfin Smelt Entrainment Protection Action would not have historically
been triggered between water years 2010 and 2022.

6.2.4.2.2 Evaluation of Juvenile CHNWR and CHNSR Entrainment Period

To evaluate théevel of minimization provided b®nsetof OMR Management (Condition of Approval

8.3) in minimizing takeof CHNWR and CHNS$iRiing of naturalorigin CHNWR and CHNSR loss at the

CVP and SWP export facilities, catch at the Knights Landing RST, and catch at Sherwood Harbor trawl
were compared to the start date of OMR Managemdfar LAD and geneticallyentified naturatorigin
CHNWR, loss data for water years 2010 to 2022 were analyzed for first date of loss for each water year.
Lengthat-date naturatorigin CHNSR loss data for water years 2010 to 2022 and geneitieaitified
naturatorigin CHNSR loss data for 2017 to 2022 watgoanalyzed for first date of loss. Percent of loss
before January vas calculated for LAD and geneticadlgntified naturatorigin CHNWR and CHNSR
summing dssprior to January Jand dividingoy total loss at the CVP and SWP export facilities for each
water year.

Cumulative daily percent loss at the CVP and SWP export facilities was compared to cumulative daily
percent catch from the Knights Landing RST and Sherwood Harbor trawl for both LAD and genetically
identified naturatorigin CHNWR and CHNS$Re number of days from January 1 widsily loss and
catchof CHNWR and CHN&RKnights Landing RST and Sherwood Harbor tresurredwas also
evaluated to understantiow thetiming of CHNWR and CHNSR observatitifisred between

monitoring programsn the context oflvhen OMR Management begir@neway analysis of variance
(ANOVAtests wereused to determine if thergvere anysignificant differences in the mean number of
days from January dcrosghe two monitoring sitesand lossat CVP and SWP export faciliti€ee Tukey
method was used to determinghich groups wereatatisticaly different. Loss and catch data faAD
naturatorigin CHNWR and CHNSR were paired, and loss and catch dggadticallyidentified
naturatorigin CHNSR and CHNWR were paireddomparison purposes itheseevaluatiors. Genetic

catch datafor naturalorigin CHNWR and CHNB&e available foboth Knights Landing RST and
Sherwood Harbor trawh water years 2017 to 201®vith additional data available for Sherwood Harbor
trawl through water year 2021Cumulative daily percent loss and catch were calculatghrately for

each monitoring prograrby summing daily loss and dividing by total loss or summing daily catch and
dividing by total catch, respectively, for each water year.
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6.2.4.3.Results

6.2.4.3.1.CHNWR Entrainment Period
LAD naturabrigin CHNWR

In 8 out of the 13 years evaluatédater years 2012022) LAD naturabrigin CHNWR loss occurred
before January dwith the average date of first loss occurring on Januarya®lg36). When considering
the First FlusiAction, Adult Longfin Smelt Entrainment Protection Actiang Adult Delta Smelt
Protection Actionthe Onsetof OMR Management would have occurred after the date of first loss for
LADnaturalorigin CHNWR in 5 of the 13 years analy@eidure43). Across 13 years of analysis, on
average, about 10% of the annual combined loss for LAD nattighh CHNWR occurred prior to

January 1.

Table36. First date of observebbss for LAD naturadrigin CHNWR at the CVP and SWP export facilities

for water years 2012022.

Water Year | Date of First| % Loss by
Loss January 1
2010 December 8 0.18%
2011 December 3 5.60%
2012 January 25 0.00%
2013 December 4 32.61%
2014 March 3 0.00%
2015 December 24  41.26%
2016 December 28 15.35%
2017 December 20  20.89%
2018 February 5 0.00%%
2019 December 29 0.92%
2020 January 20 0.00%
2021 March 8 0.00%
2022 December 19 12.74%
Average January 8 9.97%
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Figure43. LAD naturabrigin CHNWR entrainment period at the CVP and SWP export facilities for water
years 2012022. The vertical bam the ends of each liniedicate the first and last date of loss for LAD
naturatorigin CHNWR each water year. The red dots indicate when OMR Management would have
started each water yearconsidering th@®nsetof OMR Management, First Flush Actidalult Longfin

Smelt Entrainment Protection Actioand Adult Delta Smelt Protection Actiohhe shaded gray box
indicates theOMRManagementperiodwith the latest potential starind enddates of January Jand

June 30Qrespectively

LADnaturalorigin CHNWR catch timing the Knights Landin@STand Sherwood Harbdrawl was
somewhat variable with relation to loss observations at the CVP and SWP export facilities @Hgures

45, and46), although catch at botlipstreammonitoring locations typically began before loss was
observed Catch usually bexn at the Knights Landin@STirst, which is further upstream on the
Sacramento River. Catch of LAD natargyin CHNWR at Sherwood Harlrawl has continued even

after no more loss is observed at the CVP and SWP export faclitiess althirteen yearscombined

the median date of Knights Landing R&Dnaturalorigin CHNWRatchoccurredbefore January 1,

while the median dateof catch at Sherwood Harbor trawl and loss at the CVP and SWP export facilities
occurredseveral weeks after JanuatyFigure47).
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Figure44. Dailycumulative percent of catch of LAD natucaigin CHNWR at Knights Landing R&T
SherwoodHarbor trawl, and daily cumulative percent lost é&Dnaturalorigin CHNWR at the CVP and
SWP export facilities for water years 262@14. The orange line represents catch at Knights LardBig
(KNL)the blue line represents catch at Sherwood Harbor trggHiR)and the black line represents loss
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Figure45. Daily cumulative percent of catch of LAD natwagin CHNWR at Knights Landing RST and
Sherwood Harbor trawl, and daily cumulative percent loss of LAD natugih CHNWR at the CVP and

SWP export facilities for water years 262B19. The orange linepresents catch at Knights Landing RST
(KNL), the blue line represents catch at Sherwood Harbor trawl (SHR), and the black line represents loss
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Figure46. Daily cumulative percent of catch of LAD natwagin CHNWR at Knights Landing RST and
Sherwood Harbor trawl, and daily cumulative percent loss of LAD nattigsth CHNWR at the CVP and

SWP export facilities for water years 262022. The orange linepresents catch at Knights Landing RST
(KNL), the blue line represents catch at Sherwood Harbor trawl (SHR), and the black line represents loss
at the CVP and SWP export facilities.
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Figure47. Days from January 1 whethaily occurrence ofatchof LADnaturalorigin CHNWR at Knights
LandingRSTand Sherwood Harbor trawl, arthily occurrence abssof LADnaturalorigin CHNWR at

the CVP and SWP export facilities, occurred for water yeai®&2072. The orangdoxrepresents catch

at Knights LandinBST (KNL)he blueboxrepresents catch at Sherwood Harbor trawl (SHR), and the
blackboxrepresents loss at the CVP and SWP export facilities. The black line in the middle of the boxes
represents the median day value and the box encompasses the range of the first anglnitites The

ends of the whiskers represent the minimum and maximum day val@esliers [1.5x (Quartile 3 -

Quartile 1)), if presentarerepresented as points. Letters above the box plots indicate significant
differences.

Geneticallyidentified naturajorigin CHNWR

In 3 out of the 13 years evaluated (water years 20002), geneticaljdentified naturalorigin CHNWR
loss occurred before JanuaryWith the average date of first loss occurring on Januarfiagle37). In
2 of the 13 wateryears, loss would have occurred before the start of OMR Managetimehiding
consideration othe First FlustAction Adult Longfin Smelt Entrainment Protection Actiand Adult
Delta Smelt Protection Actiofwater years 2010 and 201Eigure48). On averageless than 1% of
historicalloss for geneticaljdentified naturatorigin CHNWR occurred prior to January 1.

194



Table37. First date of observelbss for geneticalidentified naturatorigin CHNWR at the CVP and SWP
export facilities for water years 2012022.

Water Year | Date of First| % Loss by

Loss January 1
2010 December 8 0.31%
2011 December 6 2.17%
2012 February 14 0.00%
2013 December 13 2.49%
2014 March 3 0.00%%
2015 - 0.00%
2016 January 28 0.00%
2017 - 0.00%
2018 March 6 0.00%
2019 January 18 0.00%
2020 March 6 0.00%
2021 March 8 0.00%
2022 - 0.00%
Average January 28 0.38%
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Figure48. Geneticallyidentified naturatorigin CHNWR entrainment period at the CVP and SWP export
facilities for water years 201P022. The vertical bam the ends of each linedicate the first and last

date of loss for geneticaHiglentified naturalorigin CHNWR each water year. The red dots indicate when
OMR Management would have started each water yeansidering th&®Onsetof OMR Management,

First Flush ActiorAdult Longfin Smelt Entrainment Protection Actiand Adult Delta Smelt Protection
Action The shaded gray box indicates tB®R Managemenperiodwith the latest potential start and

end dates oflanuary landJune 3Qrespectively
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Cumulative daily percent loss of geneticatlgntified naturalorigin CHNWR appears to be more closely
aligned with cumulative daily percent of catch at Sherwood Hatrfaovl compared tothe Knights
LandingRST(Figure49). For years that genetic data were availaldethe three monitoring programs
(water years 201-2019),cumulative daily percent of catch of geneticathgntified naturatorigin
CHNWRccurred first at Knights Landing in 2 out of the 3 ye@ing nedian date of catch ahe Knights
Landing RSdccurredafter January 1, while timing of catch at Sherwood Hatbawl andtiming ofloss

at the CVP and SWP export facilities were later butsigptificantly different from each otheFigure

50).
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Figure49. Daily cumulative percent of catch of geneticatlgntified naturatorigin CHNWR at Knights

Landing RST and Sherwood Harbor trawl, and daily cumulative percent loss of geridgatifipd
naturatorigin CHNWR at the CVP and SWP export facilities fer wears 20172021. The orange line
represents catch at Knights Landing RST (KNL), the blue line represents catch at Sherwood Harbor trawl
(SHR), and the black line represents loss at the CVP and SWP export facilities s@apétgwere not
collectedat the Knights Landing RST in water years ZZ1..
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Figure50. Days from January 1 whathaily occurrence ofatchof geneticallyidentified naturalorigin
CHNWR at Knights LandiR§Tand Sherwood Harbor trawl, amthily occurrence adbssof genetically
identified naturalorigin CHNWR at the CVP and SWP export facilities, has occurred for water years
2017-2021, when availableThe orangdoxrepresents catch at Knights LandR§T (KNLihe bluebox
represents catch at Sherwood Harbor trawl (SHR), and the btadlepresents loss at the CVP and SWP
export facilities Genetic samples were not collected at the Knights Landing RST in water years 2020
2021.The black line in the middle of the boxes represents the median day value and the box
encompasses the range dfd first and third quantiles. The eadf the whiskers represent the minimum
and maximum day value8utliers[1.5x (Quartile 3 - Quartile 1)], if presentarerepresented as points.
Letters above the box plots indicate significant differences.

6.2.4.3.2.CHNSEntrainment Period
LAD naturabrigin CHNSR

Acrosghe 13 years evaluated (water years 2eA@R2), the average date of first loss for LAD natural
origin CHNSBccurred on March {Table38). No LADaturatorigin CHNSR loss occurred before
January 1 or beforthe start of OMR Managemenincluding consideration ahe First Flushiction,
Adult Longfin Smelt Entrainment Protection Actiand Adult Delta Smelt Protection ActioRigure51).
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Table38. First date of observelbss for LAD naturadrigin CHNSR at the CVP and SWP export facilities
for water years 2012022.

Water Year | Date of First| % Loss by
Loss January 1
2010 March 9 0.00%%
2011 January 3 0.00%
2012 March 10 0.00%%
2013 March 17 0.00%%
2014 March 13 0.00%
2015 March 30 0.00%%
2016 February 11 0.0
2017 February 16 0.00%%
2018 March 14 0.00%%
2019 February 19 0.00%%
2020 March 18 0.00%
2021 March 29 0.00%%
2022 April 11 0.00%
Average March 7 0.00%
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Figure51. LAD naturabrigin CHNSR entrainment period at the CVP and SWP export facilities for water
years 2012022. The vertical bamn the ends of each linedicate the first and last date of loss for LAD
naturatorigin CHNSR each water year. The red dots indicate when OMR Management would have
started each water yearconsidering th®nsetof OMR Management, First Flush Actigwlult Longfin

Smelt Entrainment Protection Actioand Adult Delta Smelt Protection Actiorhe shaded gray box
indicates theOMR Mangementperiodwith the latest potential start and end dates édnuary Jand

June 30Qrespectively
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Catch of LAD naturalrigin CHNSR #te Knights Landin®STusually begn earlier and ends eatrlier than
catch at Sherwood Harbaraw! or loss at the CVP and SWP export facilities (Figiés3, and54). For

all water years combined, the medidate ofcatch and loss of LAD natwaigin CHNSBccurred

several months aftedanuary Jand the dates were staggered earliest to latest moving from upstream to
downstream Figure55).
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Figure52. Daily cumulative percent of catch of LAD natwagin CHNSR at Knights Landing RST and
Sherwood Harbor trawl, and daily cumulative percent loss of LAD natugith CHNSR at the CVP and
SWP export facilities for water years 262@14. The orange linepresents catch at Knights Landing RST
(KNL) the blue line represents catch at Sherwood Harbor ti@&tHR)and the black line represents loss

at the CVP and SWP export facilities.
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Figure53. Daily cumulative percent of catch of LAD natwagin CHNSR at Knights Landing RST and
Sherwood Harbor trawl, and daily cumulative percent loss of LAD natugith CHNSR at the CVP and
SWP export facilities for water years 262B19. The orange linepresents catch at Knights Landing RST
(KNL) the blue line represents catch at Sherwood Harbor ti@&tHR)and the black line represents loss

at the CVP and SWP export facilities.
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Figure54. Daily cumulative percent of catch of LAD natwagin CHNSR at Knights Landing RST and
Sherwood Harbor trawl, and daily cumulative percent loss of LAD nattigith CHNSR at the CVP and
SWP export facilities for water years 262022. The orange linepresents catch at Knights Landing RST
(KNL) the blue line represents catch at Sherwood Harbor ti@&tAR)and the black line represents loss

at the CVP and SWP export facilities.
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Figure55. Days from Januaryvthendaily occurrence ofatch of LAD naturadrigin CHNSR at Knights
Landing RST and Sherwood Harbor trawl, @ity occurrence dbss of LAD naturadrigin CHNSR at the
CVP and SWP export facilitiescurredfor water years 2012022. The orange box represents catch at
Knights Landing REANL) the blue box represents catch at Sherwood Harbor ti&MR)and the black
box represents loss at the CVP and SWP export facilities. The black line in the middle of the boxes
represents the median day value and the box encompasseatige of the first and third quantiles.
The end of the whiskers represent the minimum and maximum day valQesliers[1.5 x (Quartile 3 -
Quartile 1)), if present, argepresented as points. Letters above the box plots indicate significant
differences.

Geneticallyidentified naturajorigin CHNSR

Acrosghe 13 years evaluated (water years 2e@R2), the average date of first loss fgenetically
identified naturalorigin CHNSRBccurred on March 1la few days after the average LAD natumad)in
CHNSR date of first lo§Rable39). No geneticallyidentified naturatorigin CHNSR loss occurred before
January 1 or beforthe start of OMR Managemenincluding consideration dhe First FlushAction
Adult Longfin Smelt Entrainment Protection Actiand Adult Delta Smelt Protection ActiqRrigure56).
Almost all loss for geneticallgentified naturatorigin CHNSR took place during OMR Management;
however, one geneticallidentified naturatorigin CHNSRvasobserved in salvage July of water year
2017 Figureb6).
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Table39. First date of observelbss for geneticaljdentified naturalorigin CHNSR at the CVP and SWP
export facilities for water years 2012022.

Water Year| Date of First % Loss by
Loss January 1
2017 January 21 0.00%
2018 March 25 0.0
2019 March 16 0.00%%
2020 April 7 0.00%
2021 May 12 0.00%%
2022 January 7 0.00%
Average March 11 0.0
2022 e | I
20214 ° I
§ 2020-
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‘;" 2019 e H
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Figure56. Geneticallyidentified naturalorigin CHNSR entrainment period at the CVP and SWP export
facilities for water years 2012022. The vertical bam the ends of each linedicate the first and last
date of loss for geneticahiglentified naturatorigin CHNSR each water year. The red dots indicate when
OMR Management would have started each water yeansidering th&®Onsetof OMR Management,

First Flush ActiorAdult Longfin Smelt Entrainment Protection Actiand Adult Delta Smelt Protection
Action The shaded gray box indiesttheOMR Managemenperiodwith the latest potential start and

end dates oflanuary -andJune 3Qrespectively

Foryears that genetic data were available across the three monitoring progiaater years 2017

2019), cumulative daily percent of catch of geneticalntified naturatorigin CHNSR usually ocad

first atthe Knights LandingSTfollowed bySherwood Harbotrawl, and lastly loswvasobserved at the

CVP and SWP export faciliti€sgure57). For all water years combined, the meduate ofcatch and

loss of geneticaljdentified naturatorigin CHNSBccurredseveral months aftedanuary land the

dates were staggered earliest to latest moving from upstream to downstr&agures58). The median

date of catch of geneticaHiglentified naturatoriginal CHNSR at the Knights Landing RST occurred earlier
than for LAD CHNSR, but most catch occurred after the start of OMR Management.
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Figure57. Daily cumulative percent of catch of geneticatlgntified naturatorigin CHNSR at Knights
Landing RST and Sherwood Harbor trawl, and daily cumulative percent loss of geridéatifigd
naturatorigin CHNSR at the CVP and SWP export facilities fer years 20172021. The orange line
represents catch at Knights Landing RENL) the blue line represents catch at Sherwood Harbor trawl
(SHR)and the black line represents loss at the CVP and SWP export facilities. Ganeteswere not

KNL Catch = SHR Catch =— CVP/SWP Loss
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collectedat the Knights Landing RST in water years ZZ1..
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Figure58. Days from January Whendaily occurrence ofatchof geneticallyidentified naturalorigin
CHNRR at Knights LandigSTand Sherwood Harbor trawl, arthily occurrence abssof genetically
identified naturalorigin CHNR at the CVP and SWP export faciljteexurredfor water years 201-

2021, when availableThe orangdoxrepresents catch at Knights LandR§TKNL) the bluebox
represents catch at Sherwood Harbor trg®HR)and the blackoxrepresents loss at the CVP and SWP
export facilities Geneticsampleswvere not collected at the Knights Landing RST in water years 2020
2021.The black line in the middle of the boxes represents the median day value and the box
encompasses the range of the first and third quantiles. Thes ehthe whiskers represent the minimum
and maximum day value8utliers[1.5x (Quartile 3 - Quartile 1)], if present, areepresented as points.
Letters above the box plots indicate significant differences.

6.2.4.4.Discussion

For naturalorigin CHNWR, both LAD and geneticalntified loss at the CVP and SWP export facilities
historicallyoccured before January 1 but more commordgcured after the start of OMR

Management. Fonaturalorigin CHNSRall LAD and geneticaliglentified loss at the CVP and SWP
export facilitiesoccured duringthe OMR Managemenperiod, except for one geneticaliglentified
naturatorigin CHNSR observed in salvage in July of water year PB&3e trends in historical loss
illustrate the importance of OMR Management for minimizing take by reducing exports and targeting
less negativ®©MR flows during times when CHNWR and CHNSR are present in th& iDeitg.of
hatcheryorigin CHNWR and CHN&#ervationsn salvage were not analyzethcehistorical releases
and future releasesyccur during OMR Management.

Relationships between catch of CHNWR and CHNSR at monibmationsand loss at the CVP and SWP
export facilities are intuitive both temporally and spatially, as the Knights Landing RST is further

upstream on the Sacramento River and would be encountered earlier by outmigrating juvenile Chinook
Salmon than the other twdownstream monitoring locationsr hisconceptmatches the general pattern

of CHNWR and CHNSR catch beginning and ending earlier at the Knights Landing RST compared to catch
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at Sherwood Harbarawl and loss at the CVP and SWP export facilities. Historical catch of Chinook

Salmon at Knights Landing and Sherwood Harbor shows that juvenile CHNWR, and in some years CHNSR,
are entering the Delta prior to the start of OMR Managemémting travel speeds identified in Hendrix

et al. (2017), salmonids can enter the Delta within 2.5 days after detection at Knights L&idargthat

Knights Landing RST does not provide a passage estimate for salmonids nor is it 100% effective at
catching all salmonids in the Sacramento Riités therefore reasonable to assume that salmonids may

pass Knights Landing even earlier than documented by sam@latigh at the Knights Landing RST and

the Sherwood Harbor trawl before January 1 paovide anearly indicator of juvenile Chinook Salmon

entry into the Delta

Conditionof ApprovalB.3will minimize take and related impacts of the takingf juvenile CHNWR and
CHNSRoylimiting negativeOMRflows during juvenile CHNWR and CHNSR migration through the Delta.
An OMR flow 05,000 cfs limits the degree to whi€VP and SWéXports incrementally increase

routing of juvenile CHNWR and CHNSR into distributaries leading into the interiofrDmlthe

Sacramento and San Joaquin rivers (SST 2017).

Early migrating juvenile Chinook Salmon entering the Delta before the start of OMR Management will
likely encounter more negative OMR flows and face a greater risk of entrainment into the interior Delta,
which can result in exposure to higher predationgdeded habitat, and poorer outmigration conditions.
TheNaturatorigin Winterrun Chinook Salmon Early Season Weekly Loss Threghbldgember and
December (se&ection6.2.5 Condition ofApproval8.2.1) are intended to minimize take of early
migratingCHNWR that are present in the Delta prior to OMR Management by limiting OMR flows to no
more negative than5,000 cfs for seven days whemeklyloss thresholds are exceeded prior to January

1. DSactions likethe First FlustAction(seeSection 6.6Condition of Approve.3.1) mayalsominimize

take of early migrating juvenile CHNWR @1dNSR butre not expected to occur every year.

6.2.5. Condition of Approval8.2.1NaturalOriginWinter-Run Chinook
Salmon Early SeasaNeekly Loss Thresholds

6.2.5.1.Introduction

Condition of Approva.2.1was developed collaboratively between CDFW, NMFS, DWR, and
Reclamation to minimize take and relatidpacts of the taking of geneticaligientified naturatorigin
CHNWR before th®nsetof OMR Management (see Section 6.Zéndition of Approvas.3). The
CHNWR early seasareekly loss threshoklaccompan the naturatorigin CHNWR annual loss threshold
(see Section 6.2.6; Condition of Appro8al.3 and weekly distributed loss threshold (see Section 6.2.7;
Condition of Approvas.4.4), and acts as a minimization measure to reduce the likelihood of exceeding
the total annual loss threshold. ConditiohApproval8.2.1definesa weekly loss threshold to provide
entrainment minimization for geneticakliglentified naturatorigin CHNWR in November and December.
OMRManagementcan begirany time after December 1 if a First Flush Action Geetion 6.6

Condition of Approva.3.1) or Adult Longfin Smelt Entrainment Protection ActiGe¢Section 6.6
Condition of Approval 8.3.3) occar any time after December 20 if an Adult Delta Smelt Entrainment
Protection Action (se8&ection 6.6Condition of Approva.3.2 occurs If neither of these actions occur,
OMR Management starts automatically on January 1. Therefore, Conditigmpodval8.2.1was
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developed to reduce take of early migrating natuogigin CHNWHRhovingthrough the Delta in
November and December.

Changes in OMR flows will be initiateithin three daysdllowing a weekly loss threshoékceedance
prior to OMR Managemerib minimizeadditional subsequengntrainment and loss of CHNWR at the
CVP and SWP export facilities in the south Delta. Specifically, Condition of Agpdvaiins to protect
early migrating juvenile CHNWR in November and December before the start of OMR Management.
Condition of Approvas.2.1requiresDWRto reduce exports to achieve aday average OMR index no
more negative than5,000 cfs for seven consecutive days when tiay rolling sum of genetically
identified naturatorigin CHNWR loss at the CVP and SWP export facilities exiceddiowing
thresholds(seeSection6.2.5.2.2 below anéttachment2 to the 2024 SWP ITP for calculation dejails

9 From November 1 through November 3@oduct of November Multiplier anithe Red Bluff
DiversionDam juvenile CHNWR brood year passage total at the end of the second biweekly
period in October, whereby the November Multiplier is:

November Multiplie=0.0011 x 0.25 X Survi¥glo-smoitX Survivalmo

1 From December 1 through December 31: Produce of December Multiplier and the Red Bluff
Diversion Dam juvenile CHNWR brood year passage total estimated at the end of the second
biweekly period in November, whereby the December Multiplier is:

DecembeMultiplier = 0.0021 x 0.25 Survivadyo-smoitX SUrvivamoi

Consistent with Conditions of Approv&a#t.3 and 8.4.40DMRaction responses for loss associated with
the Natural-origin Winter-run Chinook SalmoBarly SsasonWeeklyLossThresholds will be
implemented based on initial LAD identification of nateweiin older juvenile Chinook Salmand may
be adjusted, pending genetic analyses. Loss of natrigih CHNWR will be genetically confirmed
through SHERLOCK andged methods. If genetic analysis of a nattomagjin older juvenile Chinook
Salmon observed in salvage at the CVP and SWPt éapidities indicates thaany given juvenile
Chinook Salmon is not a geneticatlgntified CHNWR, the fish will not count toward tiveekly loss
thresholds Given that SHERLOCK is a new methodology currently undergoing peer review and field
testing, both methodologies will be used to determine the final identification. In the event that
SHERLOCK and-§& provide different run assignments, the results frii@ GFseq method will be
used to determine the final run assignmeAdditionally, f genetic identification is pending drgenetic
identification is not possible, OMR action responses will be implemented based on initial LAD
identification of naturalorigin older juvenile Chinook Salmon.

CDFW conducted the following analysis to evaluate the effectiveness of Condifipproival8.2.1
(Naturatorigin Winter-Run Chinook Salmon Early Season Weekly Loss Thigshatdnimizing take of
juvenile naturalorigin CHNWR before tH@nsetof OMR Management.

6.2.5.2.Methods

6.2.5.2.1.Data Retrieval

For this analysisalvage data of naturarigin Chinook Salmon collected at the CVP and SWP export
facilities in water years 2010 to 2022 were summarized from the CDFWd&&yRegion salvage
database (CDFW 20&rand loss was calculated using the Chinook Salmon loss equsgin (
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Attachment8 to the 2024 SWP ITEDFW 2018 For the analysis of the weekly loss thresholds, loss was
calculated for geneticalidentified naturatorigin CHNWR. The geneticatientified naturatorigin

CHNWR database for water years 2010 to 2022 was consolidated by DWR, Reclamation, and CDFW
(DWR et al. 2023). A collaborati@A/QCprocess was conducted by DWR, Reclamation, and CDFW to
prepare the genetic database for use in the development of the natuigln CHNWR annual loss
threshold (see&section6.2.6; Condition ofApproval8.4.3 and naturalorigin CHNWR weekly distributed
loss thresholds (see Secti6érR.7 Condition of Approva.4.4 for OMR Management. However, there

are caveats to the database for water years 2016 and 2019. Water year 2016 observed loss is potentially
inaccurate given unprocessed Chinook Salmon genetic samples of unknown sample size. Water year
2019 observed loss fdoth the genetic and LAD database is gstentially inaccurate due to Chinook
Salmon enumeration issues attiracy Fish Collection Facility. For additional information on salvage
data sources and limitations, s&DFW (2024b)

Catch data for naturabrigin CHNWR from the RBDD RST were obtained from USFWS for water years
2010 to 2022 (USFWS 2@23

6.2.5.2.2.Development of NaturalOrigin CHNWR Early Season Weekly Loss Thresholds

The CHNWR early season weekly loss threslaokin effect in November and December, prior to the

issuance of the annual CHNWR JPE for the brood year. In lieu of having a CHNWR JPE for the brood year,
the CHNWR early season weekly loss thresholds were developed as the product of cumulative biweekly
CHNWRpassage estimates at RBDD RST and a MultiplieAtssshment2 to the 2024 SWP ITP). The
November threshold is calculated using the seasonal passage to date from the second biweekly RBDD
RST CHNWR passage estimate in October. The December threshold is calculated using the seasonal
passage to date from the second biweeRIBDD RST CHNWR passage estimate in November. The

multiplier, applied to both November and December thresholds, is the product of the estimated percent

of juvenile CHNWR present in the Delta for a given mtstthled to week (multiplied by 0.25), fiy-

smolt survival (Surviviako-smo), and smolt survival from RBDD to the Delta (Sursvigl

November Multiplier: 0.0011 x 0.25 X Surviy@-smoitX Survivamor
December Multiplier: 0.0021 x 0.25 x Surviya@lsmoitX Survivamo

For brood year 2022, the following variables apply to the November and December Multipliers using
survival terms from the brood year 2022 JPE letter (WR PWT 2023):

November Multiplier: 0.0011 x 0.25 x 0.4946 x 0.3245 = 0.0044%
December Multiplier: 0.0021 x 0.25 x 0.4946 x 0.3245 = 0.0084%

9 The November and December estimated percerjugénile CHNWRresent in the Delta are based diable4 of
2024 SWP ITP (s@able46 of this Effects Analysisyvhich includes calculated values for the percen€6fNWR
present in theSherwood Harborrawl (Delta entry) and the percent GHNWRresent in Chipps Islartdawl

(Delta exit), as determined by genetic analyses for water years-202Z. For the first week of January (January 1
7), Tabled6indicates that 0.32% a@HNWRare historically present in the Delta (scaled to 100%; Columphi).
November Multiplier assumes that one third GHNWHRresence in the Delta by the first week of Januaegurred
as early as November (one third of 0.32% = 0.0011). The December Multiplier assumes that two BHOBNR
presence in the Delta by the first week of January occurred as early as December (two thirds of 0.8224 =
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where 0.0011 and 0.0021 represent the estimated percent of juvenile CHNWR present in the Delta for
November and December, respectively, 0.25 represents one quarter of the month or approximately one
week, 0.4946 isthefro-a Y2t (i & dzNIBA G| Farrdll & BNY2088}), @& (R3245 ¥6 tha nolt
survival term from RBDD to the Delta.

In subsequent years, the ftp-smolt survival term and the smolt survival term from RBDD to the Delta
gAff 0SS dzLIRIFGSR lFyydzZffe Rd2NAy3d GKS /1 b2w ONB2R
December Multipliers may change slightly (#¢eachment2 to the 2024 SWP ITP).

6.2.5.2.3.Evaluation of NaturalOrigin CHNWR Early Season Weekly Loss Threshold Exceedances and
Action Response Days

Weekly loss thresholds were applied to historical loss of genetickhtified naturatorigin CHNWR at

the CVP and SWP export facilities atev years 2010 to 2022 to evaluatee how often threshold
exceedances would have occurred drmv many days of OMR action response would have resulted.
Weekly loss thresholds were calculated for water years 2010 to 2022 as a product of the cumulative
biweekly CHNWR passage estimates at RBDD RST and the November and December Multipliers,
assuminghe percentage caldated for brood year 2022. Juvenile CHNWR passage estimates are
available on a biweekly basis and provide total cumulative passage for the season to date for each brood
year. Brood year totals for juvenile CHNWR were acquired from the end of the seeaeklyi period

in October and the end of the second biweekly period in November in water years 2010 through 2022
for calculating the November and December weekly loss thresholds, respectively. The most up to date
trap efficiency estimates and updated geretiata were used to estimate total naturatigin CHNWR
passage. The calculated weekly loss threshold for November applies to the entire month of November,
whereas the calculated weekly loss threshold for Decenalppliesto the entire month of December.

The weekly loss thresholds were compared to historical loss of geneibatifified naturatorigin

CHNWR at CVP and SWP export facilities. Data were limited to include November and December loss for
each water year. A-day rolling sum of geneticaligentified naturatorigin CHNWR loss was calculated,
summing loss over the current day and the six previous consecutive days-dagadlling sum of loss

was then compared to the corresponding weekly loss threshold for each corresponding month and
water yea. Threshold exceedances were recorded when the cumulatiday7sum of loss on any single

day exceeded the weekly loss threshold. For each threshold exceedance, an OMR action response,
whereby OMR flow is managed to achieve-@day average of no more nefige than-5,000 cfs, is

initiated for seven consecutive days. If an additional threshold exceedance occurs withhaddlye 7

action response, the action response starts over at day one rather than stacking in a cumulative manner.
Threshold exceedance dagsd action response days were summed both by month and by water year

to understand trends across different metrics.

6.2.5.3.Results

The weekly loss thresholds for November and December vanezhgwater years Table40) due to the
inter-annual \ariation in biweekly RBDD RST CHNWR passage. The highest threshold occurred in
December of water year 2010, which had the greatest November CHNWR brood year total passage (n =
4,265,212), followed by December of water year 2020 (n = 3,512,199).
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Table40. Novemberand Decembenaturatorigin CHNWRearly seasonveeklyloss thresholds for each
water yearas aproduct of cumulative biweekly CHNWR passage estimates at RBDD RST and the
November and December Multipliers.

Water Year | October RBDD November November RBDD December
Passage Total Weekly Passage Total Weekly
Threshold Threshold
2010 4,200,154 184.8 4,265,212 358.8
2011 859,723 37.83 1,147,634 96.40
2012 605,096 26.62 715,357 60.09
2013 642,542 28.27 953,914 80.13
2014 845,991 37.22 1,248,598 104.88
2015 279,948 12.2 354,873 29.81
2016 217,488 9.57 252,677 21.23
2017 363,832 16.00 484,841 40.73
2018 319,580 14.06 658,218 55.29
2019 644,547 28.36 897,283 75.37
2020 2,893,314 127.3 3,512,199 295.(8
2021 1,484,411 65.31 1,840,939 154.64
2022 434,699 19.13 549,296 46.14

No geneticallyidentified naturalorigin CHNWR loss occurred during the month of November in water
years 2010 through 2022. Geneticdtientified naturalorigin CHNWR loss occurred in December during
water years 2010, 2011, and 20Idure59) with the earliest recorded date of loss occurring on
December 8, 2009. Theday rolling sum of loss of geneticaitientified naturatorigin CHNWR ranged

from 1.95 to 25.21 fish during the month of December. THay rolling sum of loss of genetically
identified naturatorigin CHNWR never exceeded the weekly loss thresholds; therefore, there were zero
threshold exceedances in November and December and zero OMR action response days3;i60res
and61l).
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Figure59. Rolling (#day) sum of geneticaHlientified naturatorigin CHNWR loss on each day in
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November and December for water ye@0102014 The black line represents timaturalorigin

CHNWR early seasareekly loss threshokl Graybarsindicatethat the rolling #day sum of geneticaly
identified naturatorigin CHNWR losgould not haveexceead the naturalorigin CHNWR early season
weekly loss threshold.
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Figure60. Rolling (#day) sum of geneticaligentified naturatorigin CHNWR loss on each day in
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identified naturatorigin CHNWR loss would not have exceeded the natuigih CHNWR early season
weekly loss threshold.
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Figure6l. Rolling(7-day)sum of geneticallydentified naturatorigin CHNWR loss on each day in
November and December for water years 2@2122.The black line represents the natw@iigin
CHNWR early season weekly loss thresh@daybars indicate that the rolling-day sum of geneticaly
identified naturatorigin CHNWR loss would not have exceeded the natuigih CHNWR early season
weekly loss threshold.

6.2.5.4.Discussion

Naturalorigin Winterrun Chinook Salmon Early Season Loss Thresheldsdeveloped to minimize

take of juvenile naturabrigin CHNWR at the CVP and SWP export facifitidsvember and December

Using historical loss data, there would have been zero exceedances of the +waigralCHNWR early

season weekly loss threshold4istorical loss data from the CVP and SWP export facilities show that low
numbers of geneticaljdentified naturatorigin CHNWR are entrained in the facilities during November
and December. For water years 2010 through 2022, CHNWR passagP@RSE was highly variable,

which could indicate that CHNWR may be seen inconsistently in salvage, particularly during low passage
years. More recent years that had high passage at Red Bluff in October and November (i.e., water years
2020 and 2021 Yut no genetic salvage, may indicate that juvenile CHNWR are experiencing poor
throughDelta survival and thus are not observed in salvage (see Sectigiddditional Chinook

Salmon Stressors).
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If genetic identification is pending or if genetic identification is not possible, OMR action responses will
be implemented based on initial Delta Model LAD (USFWS 1997) identification of +waitgirablder
juvenile Chinook Salmohbwever, the OMR action response may discontinue if genetic identification
confirms CHNWR loss does not exceed the weekly loss threshold. GiveddheaBowance requested

by DWRbetween a threshold exceedance and implementation of any change to OMR flows, it is likely
that genetic analyses will occur prior to initiation of an OMR action response. This will result in only
geneticallyidentified naturatorigin CHNWR loss contributing to threshold exceedamdesh could
reducethe extent to which this measumainimizes impacts toaturatorigin older juvenile Chinook
Salmorthat arepresentin salvageln addition to a 3lay allowance for implementing an OMR action
response, loss of geneticailyentified naturatorigin CHNWR has the potential to accumulate up to
seven days befe triggering an action response due to th&dy rolling sum of loss, which allows up to

a 10day lag between a daily loss event and an OMR action response.

However, veekly loss thresholdalsohave the potential tdde more reactive to observations of CHNWR
in salvagen some situationgompared to the 2020 SWP ITP daily loss thresi@dadition of Approval
8.62; CDFW 2020dJor exampleunder the 2020 SWP IT#he December daily loss threshold was 26
naturaloriginolder juvenile Chinook Salmpso there could have been multiple days in a row with loss
valuesof 25naturaloriginolder juvenile Chinook Salmam lesswithout any exceedances of the
thresholdand no OMR action responddnder theweekly loss thresholdpproach continuous lowlevel
losswithin a 7-day periodhasthe paential to accumulate and excedlle thresholds whichare
designedo respondto patterns ofcontinuedlossrather thanindividualdays of observedoss Thus,
multiple days ofower loss that would not have exceeded a daily threshold haveptitential to
accumulate and exceed the weekbgsthreshold,which would initiate an OMR action response.
Especially in more recent yeaohservations ofjeneticallyidentified naturatorigin CHNWIHh salvage
havebecome increasingly rafsee Section 5.2.1@2Historical Loss of Juvenile Chinook Salmangido
not often occuron consecutive day3here were zero observations géneticallyidentified naturat

origin CHNWR in salvage in November and only a few observations in December during water years
2010 to 2022.

If threshold exceedances occur in the future, they will offer protectiorjatenile CHNWR present in

the Delta before onset of OMR Management and minimize entrainment into the interior Delta and CVP
and SWP export facilitieBrotections to juvenile CHNSR may also be provided indiiéotlyer OMR

action responses occuFirst Flush Actions, Adult Delta Smelt Entrainment Protection Actions, and Adult
Longfin Smelt Entrainment Protection Actionay also provide benefits to CHNWR and CHNSR during
the early season if they occur (s8ection 6.@andAttachmentb, Sectiors9.3.1.1,9.3.1.2, and 6.3.fo

the 2024 SWP ITEonditions of Approvd.3.1, 8.3.2and 8.3.3 Theweekly loss thresholds in

November and December were designed specifically for @aidyant CHNWR. Disproportionate take of
specific CHNWR migration strategies (early, peak, and late) can lead to a decrease in life history diversity
(Sturrock et al. 201#). It is important to preserve athigrants of salmonid populations to maintain the
portfolio effect of each species. This ffotio effect contributes to population sustainability and
abundance by distributing risk throughout the run and reducing intraspecific competiieal¢y 1991,
Greene et al. 2010; Carlson and Satterthwaite 2@&tarrock et al. 2015As a result, the ITP includes
Conditions of Approvdbcused on improvingur understanding of the abundance adistribution of
CHNWR in the Delta including improwestimates of through Delta suwal for migrationrsalmon
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(Conditionof Approval 7.9.27.9.5and 7.96) as well as improvements the loss calculation used to
quantify fish in salvage (Condition of Approval 7.9.1).

6.2.6. Condition ofApproval8.4.3Winter-Run Chinook Salmon Annual Loss
Threshold

6.2.6.1.Introduction

Condition of Approva.4.3was developed collaboratively between CDFW, NMFS, DWR, and
Reclamation to minimize take and related impaotshe taking of naturabriginand hatcheryorigin
CHNWR during OMR ManagemeDHNWRChinook Salmon Annual Loss Threshisidside both a
naturatorigin and a hatchergriginannualloss thresholdThe annual loss threshold for natw@ligin
CHNWRs equivalent to loss of 0.5% thie naturatorigin CHNWR JPHeTannual loss threshold for
hatcheryorigin CHNWR isquivalent to loss of 0.12% of thetcheryorigin CHNWR JPE.

If the cumulative loss of naturalrigin or hatcheryorigin CHNWR in a brood year exceeds 50% of either
annual loss threshold)WRand Reclamation will restrict south Delta exports to maintamday

average OMR index no more negative tha/b00 cfdor seven consecutive dayi$additional salvage of
naturalorigin or hatcheryorigin CHNWR occurs during tie&lay action corresponding tine respective
annual loss thresholdhe action response will be extended for another seven consecutive days.

If the cumulative loss of naturalrigin or hatcheryorigin CHNWR in a brood year exceeds 75% of either
annual loss threshold)WRand Reclamation will restrict south Delta exports to maintamday

average OMHRhdexno more negative thar2,500 cfs for seven consecutive days if the WRUluldel

and associated OMR Conversion Tool predict that the @lgdéXchange to-2,500 cfawill shift the

model output to a classification of CHNWR absence with a minimum probability of absence prediction of
0.559 for oneof 30 submodels for any of the seven most recent prediction days. Onceof&Jther

annual loss threshold is exceeded, each additional CHNWR observed in salvage wouldrtatigse7-
dayresponse 02,500 cfs foseven consecutive dayisthe WRCMIModel and associated OMR
Conversion Tool predict théte OMRindexchangeto -2,500 cfs will shift the model output to a
classification of CHNWR absence with a minimum probability of absence prediction of 0.559 for one of
30 submodels for any of the sevemost recent prediction dayg.hese prediction values are calculated
based on_ADand will be updated once genetic analysis is fully adof@ahdition ofApproval7.9.2¢
Winter-run Chinooksalmon Machine Learning Model Development

If the cumulative loss of naturalriginor hatcheryorigin CHNWRnN a brood year exceeds 1%bf either
annual loss thresholdWRand Reclamation will immediately convene tBaMTio review recent fish
distribution information and operations and provide advice regarding future planned CVP and SWP
operations to minimize subseque@HNWRoss during that year. THeaMTwill report the results of

this review and advice to th&/OMT. DWRand Reclamation will also convene an independeser
reviewpanel to revew CVP and SWP operations and the annual loss thresholds prior to November 1.
The purpose of the independepter reviewis to review the actions and decisions contributing to the
loss trajectory that led to an exceedance of the annual fbssshold andnake recommendations on
modifications to CVP and SWP operations, or additional actions to be conducted to stay within the
annual loss threshold in subsequent years.
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Consistent withConditions of Approva.2.1 and 8.4.40MR action responses for loss associated with

the naturalorigin CHNWR annual loss threshold will be implemented based on initial LAD identification
of naturalorigin older juvenile Chinook Salmon and may be adjusted, pending genetic analyses. Loss of
naturalorigin CHNWRVill be genetically confirmethrough SHERLOCK andged methods. If genetic
analysis of a naturairiginolder juvenile Chinook Salmafserved in salvage at thevVP and SWP
exportfacilitiesindicates that any given juvenile Chinook Salmon is not a genetidaftjified CHNWR,

the fish will not count toward th@aturalorigin CHNWHRnnual loss threshold. Given that SHERLOCK is a
new methodology currently undergoing peer review and field testing, both methodologies will be used
to determine the final identification. In the event that SHERLOCK amse@sirovide different run
assignmets, the results from the G3eq method will be used to determine the final run assignment.
Additionaly, if genetic identification is pending or if genetic identification is not possible, OMR action
responses will be implemented based on initial LAD identification of natwigih older juvenile

Chinook Salmorfollowing an exceedance of 50%, 75%, or 100% of either annual loss threshold,
changes in OMR flows will be initiated within three days of an exceedamedioe the likelihood of
additional subsequent entrainment and loss of CHNWR at the CVP and SWP export facilities in the south
Delta

The cumulative loss of hatcheoyigin CHNWR widlontribute to two separate hatchergrigin CHNWR

annual loss thresholds. The first annual loss threshold incorporates the hatohigity JPE produced for
LSNFH CHNWR production with loss of CHNWR released from LSNFH, which are 100% CWT, counting
towards the threshold. The second annual loss threshold incorporates the hatchigin JPE produced

for Battle Creek CHNWR production (jumpstarters) with loss of CHNWR released fromnmdNFH
historically LSNFH, which are both 100% CWT, counting towards thedlitesh

CDFW conducted the following analysis to evaluate the effectiveness of Condition of Ajgpdd¥al
(Naturatorigin and Hatcherprigin CHNWR Annual Loss Thresgjald minimizing take of juvenile
naturatorigin and hatchenprigin CHNWR.

6.2.6.2.Methods

6.2.6.2.1.Data Retrieval

For this analysis, salvage data of natwragin CHNWR collected at the CVP and SWP export facilities
from water years 2010 to 2022 was summarized from the CDFWDBlty Region salvage database
(CDFW 2029 and loss was calculated using the Chinook Salmon loss equsdisitiachment8 to the
2024SWP ITRCDFW 2018 The geneticallydentified naturalorigin CHNWR loss database for water
years 2010 to 2022 was consolidated by DWR, Reclamation, and CDFW using the salvage database
expanded to loss and asdated genetic database (DWR et al. 2023). A collabor@M€Cprocess was
conducted by DWR, Reclamation, and CDFW to prepare the genetic database for use in the
development of the naturabrigin CHNWR annual loss threshold (ConditibApproval8.4.3 and
naturatorigin CHNWR weekly distributed loss thresholds (see Se&orn;Condition of Approve8.4.4

for OMR Management.

Salvage data of hatchenrigin LSNFH CHNWR collected at the CVP and SWP export facilities from water
years 2010 to 2022 were summarized from SacPAS (2®@23edon LSNFH CWT releases and loss was
calculated using the Chinook Salmon loss equaserAttachment8 to the 2024SWP ITRCDFW 2013
Salvage data of hatchenyrigin Battle Creek CHNWR collected at the CVP and SWP export facilities from
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water years 2018 to 2022 were summarized from SacPASHPBa8ed on LSNFH and CNFH CWT
releases and loss was calculated using the Chinook Salmon loss egsetidttgchment8 to the 2024
SWP ITRCDFW 20)8SacPAS (208Bonly contained CWadonfirmed hatcheryorigin Chinook Salmon
loss for water years 2011 through 2022. Therefore, @adfifirmed hatchenyorigin Chinook Salmon
observations in salvage for water year 2010 were obtained from USFWS (USF\WW&2023ss was
then calculated using the Chino&8almon loss equatioséeAttachment8 to the 2024SWPATR CDFW
2018).

The genetic and LAD (with includes CWT) salvage databases have caveats for water years 2016 and
2019. Water year 2016 observed genetic loss is potentially inaccurate given unprocessed Chinook
Salmon genetic samples of unknown sample size. Water year 2@8ved loss for the genetic and

LAD database is also potentially inaccurate due to Chinook Salmon enumeration issues at the Tracy Fish
Collection FacilityFor additional information on salvage data sources and limitatisesCDFW

(2024b)

Naturatorigin and hatches2 NA IAY /1 b2w Wt 9Q& FT2NJ oONRB2R @SIFNBR HnArS
water years 2010 through 2022) were consolidated for the development of the annual loss thresholds
(NMFS 2019b, 2020; CDFW 2820/R PWT 2021, 20R2

6.2.6.2.2.Developmentof Naturalorigin and Hatcheryorigin CHNWR Annual Loss Thresholds

The naturalorigin CHNWR annual loss threshold is the product of 0.5% and the annual 1oaigiral
CHNWR JPE. The factor 0.5% was determined by calculating 90% of the greatest annual loss of
geneticallyidentified naturatorigin CHNWRas a proportion of the annual naturatigin CHNWR JR&
water years 2010 through 20Z8reatest annual loss occurréa water year 2012Table41).
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Table41. Naturalorigin CHNWR annual JPE and associgaeéticallyidentified naturalorigin CHNWR
annual loss, annual loss as a proportion of the JPEQ@¥dof annual loss as a proportion of the fiE
water years 2012022 The greatest annual loss as a proportion of the JPE occurred in water year 2012
as indicated in boldalic font.

Water | Naturalorigin | Annual | Annual Loss 90% of
Year CHNWR JPE| Loss as % oflPE | Annual Loss
as % of JPE
2010 1,179,633 964.64 0.08% 0.07%
2011 332,012 1469.64 0.44% 0.40%
2012 162,051 900.49 0.56% 0.50%
2013 532,809 198.2 0.04% 0.03%
2014 1,196,387 48.45 0.00% 0.00%
2015 124,521 0 0.00% 0.00%
2016 101,716 11.47 0.01% 0.01%
2017 166,189 0 0.00% 0.00%
2018 201,409 97.28 0.05% 0.04%
2019 433,176 212.37 0.05% 0.04%
2020 854,941 76.92 0.01% 0.01%
2021 330,130 3.88 0.00% 0.00%
2022 125,038 0 0.00% 0.00%

The naturalorigin CHNWR annual loss thresholddkulated as follows:
Naturatorigin CHNWR Annual Loss Threshol08(90049/162,051)x JPE 0005 x JPE

where 90049 s the total annual lossf geneticallyidentified naturatorigin CHNWHh water year 2012,
162,051 is thenaturalorigin CHNWR JPE foood year 2011water year 2012, and JPE is the current
annual naturalorigin CHNWR JPEor example, if applieth water year 2022, th@aturalorigin CHNWR
annual loss threshold would be calculated as follows:

Naturalorigin CHNWHRnnualLoss Threshold.005x 125,038=625.19

The hatcheryorigin CHNWR annual loss threshold is the product of 0.12% and the annual hatchery
origin CHNWR JPE. The factor 0.12% was determined by calculating 90% of the greatest annual loss of
CWTconfirmedhatcheryorigin CHNWR (combined loss of LSNFH and GiSEHroportion of the

annual hatchenyorigin CHNWR JR& water years 2010 through 20Zgreatest annual lossccurred in

water year 2010Table42).
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Table42. Hatcheryorigin CHNWR annual JPE and associ@wdconfirmed hatcheryorigin CHNWR

annual loss, annual loss as a proportion of the JPE, and 90% of annual loss as a proportion éithe JPE
water years 2012022 The greatest annual loss as a proportion of the JPE occurred in wat&Oj€ar

as indicated in boldalic font.

Water Hatchery Annual | Annual Loss 90% of
Year | origin CHNWR Loss as % of JPE| Annual Loss
JPE as % of JPE
2010 108,725 139.59 0.13% 0.12%
2011 66,734 0 0.00% 0.00%
2012 96,525 16.96 0.02% 0.02%
2013 96,525 8.59 0.01% 0.01%
2014 30,880 0 0.00% 0.00%
2015 185,600 8.4 0.00% 0.00%
2016 148,000 11.19 0.01% 0.01%
2017 58,188 0 0.00% 0.00%
2018 92,904 54.86 0.06% 0.05%
2019 86,699 0 0.00% 0.00%
2020 94,528 0 0.00% 0.00%
2021 97,888 0 0.00% 0.00%
2022 151,544 6.7 0.00% 0.00%

The hatchenorigin CHNWR annual loss threshold is calculated as follows:
Hatcheryorigin CHNWR Annual Loss Threshold: 8.839.59108,725) x JPEG:0012 X JPE

where 139.59 is the total annual loss@# Fconfirmedhatcheryorigin CHNWIHh water year 2010,
108,725 is the hatchergrigin CHNWR JPE for brood year 2009 (water year 284@)JPE is the current
annual hatchenyorigin CHNWR JPE. For example, if applied to water year 2022, the haidigary
CHNWR annual loss threshold would be calculated as follows:

Hatcheryorigin CHNWRnNnnualLoss Threshold.0012 x 151,544 4£81.85

See Tabled3 and44for all naturatorigin and hatchenprigin annual loss threshold values, respectively,
for water years 2010 through 2022.

6.2.6.2.3.Evaluation of Naturalorigin and Hatcheryorigin CHNWR Annual Loss Threshold
Exceedances

The naturalorigin and hatcherprigin CHNWR annual loss thresholds were applied to natuigin
geneticallyidentified naturatorigin CHNWR loss ar@WFconfirmedhatcheryorigin CHNWR loss,
respectively, from water years 2010 to 2022=ealuate the level of minimization provided the
CHNWRannual loss thresholds. The 50% and 75% thresholds were calculated by taking the product of
the annual loss threshold and 0.5 and 0.75, respectiialying implementation of Condition of
Approval8.4.3 the hatchey-origin CHNWR annual loss threshold will be applied separately to LSNFH
CHNWR production releases and Battle Creek CHNWR jumpstarters. Howevenathbezn zero
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historical loss of hatchergrigin Battle Creek CHNWR at the CVP and SWP export facilities; therefore,
the analyses provided below only reference the LSNFH CHNWR production releases.

6.2.6.3.Results
6.2.6.3.1.Natural-origin CHNWR\nnual Loss Threshold

Table43 providesa summaryof threshold exceedances across eaddter year, including theaturat

origin CHNWR annual logseshold (i.e., 0.5% of the JP&E)% and 75% of the annual loss threshold,
andtotal observed loss of geneticaligentified naturalorigin CHNWRThe naturadorigin CHNWR

annual loss threshold was exceeded by historical CHNWR lbs$ ihe 13 water years evaluated,
specifically water year 201Figure63). Geneticallyidentified naturalorigin CHNWR loss exceeded 50%

of the annual loss threshold and 75% of the annual loss thresh@dfithe 13 water years evaluated,
specifically water years 2011 and 20EX(ure62 and Figure63). In water year 2011, 50% of the annual

loss threshold was exceeded by historical loss on March 12, 2011 and 75% of the annual loss threshold
was exceeded by historical loss on March 18, 2011. In water year 2012, 50% of the annual loss threshold
was exceededby historical loss on March 7, 2012, 75% of the annual loss threshold was exceeded by
historical loss on March 11, 2012, and the annual loss threshold was exceeded by historical loss on
March 24, 2012.

222



Table43. Naturalorigin CHNWR annual JPE and associated annual loss thresholds, including 50% and
75% of the annual loss thresholds, and total obsemyedeticallyidentified naturatorigin CHNWRoss

for water years 2012022.Table cellfighlightedred indicatewater years when either the annual loss
threshold or 50% or 75% of the threshalgre exceeded by historical loss.

Water Year Natural- Annual Loss| 50%of the 75%o0f the Annual
origin Threshold | Annual Loss| Annual Loss Loss
CHNWRIPE| (0.5% of JPE] Threshold Threshold
2010 1,179,633 5898.17 2949.08 4423.62 964.64
2011 332,012 1660.06 830.03 1245.66 1469.64
2012 162,051 810.%5 405.13 607.69 900.49
2013 532,809 2664.( 1332.02 1998.03 198.20
2014 1,196,387 5981.9 2990.9 4486.45 48.45
2015 124,521 622.61 311.30 466.95 0
2016 101,716 508.58 254.29 381.4 11.47
2017 166,189 830.% 415.47 623.21 0
2018 201,409 1007.® 503.52 755.28 97.28
2019 433,176 2165.88 1082.94 1624.41 212.37
2020 854,941 4274.71 2137.35 3206.38 76.92
2021 330,130 1650.65 825.3 1237.9 3.88
2022 125,038 625.19 312.60 468.89 0
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Figure62. Water year 2011 cumulativeailyloss of geneticalidentified naturalorigin CHNWR from

February 21, 201¢ March 29, 2015t CVP and SWP export facilities. The blue horizontal line represents
50% of the annual loss threshold. The green horizontal line represents 75% of the annual loss threshold.
The red horizontal line represents the annual loss threshold calculated a®0Otb&onaturatorigin

CHNWR JPE
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Figure63. Water year 2012 cumulativeailyloss of geneticalidentified naturalorigin CHNWR from

February 23, 2012 April 2, 2012at CVP and SWP export facilities. The blue horizontal line represents
50% of the annual loss threshold. The green horizontal line represents 75% of the annual loss threshold.
The red horizontal line represents the annual loss threshold calculated a®0tB&onaturatorigin

CHNWR JPE.

6.2.6.3.2.Hatcheryorigin LSNFH CHNWARnual Loss Threshold

Table44 provides a summary of the threshold exceedances across each water year, including the
hatcheryorigin CHNWR annual logseshold (i.e., Q2% of the JPE0% and 75% of the annual loss
threshold, andotal observed loss of hatchexyrigin LSNFH CHNWIRie hatcheryorigin LSNFH CHNWR
annual loss threshold was exceeded by histoi@aAlFconfirmed hatchenyorigin CHNWR loss ihof the
13water years evaluated, specifically water year 2010. Hatebdagin LSNFH CHNWR loss exceeded
50% of the annual loss threshold and 75% of the annual loss threshblf the 13 water years

evaluated, spdfically water year 201(Figure64). In water year 2010, 50% of the annual loss threshold
was exceeded by historical loss on March 7, 2010, 75% of the annual loss threshold was exceeded by
historical loss on March 8, 2010, and the annual loss threshold was exceeded by historical losshon Ma
13, 2010.
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Table44. Hatcheryorigin LSNFECHNWR annual JPE and associated annual loss thresholds, including
50% and 75% of the annual loss thresholds, tatel observed lossf CWTFconfirmedhatcheryorigin
LSNFH CHNW®& water years 2012022.Table cellfighlightedred indicatewater years when either

the annual loss threshold or 50% or 75% of the threshade exceeded by historical loss.

Water Year | Hatchery Annual Loss | 50%of the | 75%of the Annual
origin Threshold | Annual Loss| Annual Loss Los$
CHNWRIPE| (0.12% of JPE) Threshold | Threshold
2010 108,725 130.47 65.24 97.85 139.59
2011 66,734 80.08 40.04 60.06 0
2012 96,525 115.83 57.92 86.87 16.96
2013 96,525 115.83 57.92 86.87 8.59
2014 30,880 37.06 18.53 27.79 0
2015 185,600 222.72 111.36 167.04 8.40
2016 148,000 177.60 88.80 133.20 11.19
2017 58,188 69.83 34.91 52.37 0
2018 92,904 111.48 55.74 83.61 54.86
2019 86,699 104.04 52.02 78.03 0
2020 94,528 113.43 56.72 85.08 0
2021 97,888 117.47 58.73 88.10 0
2022 151,544 181.85 90.93 136.39 6.70

aCWTconfirmed hatchernyoriginCHNWRoss datavere obtainedfrom SacPA&023b)and further
confirmed withCDFWBay Delta Region salvage database (CDFW 2022d)was calculated using the
Chinook Salmon loss equatiseéAttachment8 to the 2024 SWP ITEDFW 2018
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Figure64. Water year 2010 cumulativéailyloss ofCWFconfirmedhatcheryorigin LSNFH CHNWR from
February @, 2010 ¢ March 24 2010 at CVP and SWP export facilities. The blue horizontal line represents
50% of the annual loss threshold. The green horizontal line represents 75% of the annual loss threshold.
The red horizontal line represents the annual loss threshold calculated as 6f1Bé&shatcheryorigin

CHNWR JPE.

6.2.6.4.Discussion

6.2.6.4.1.Natural-origin CHNWR\nnual Loss Threshold

Based on this analysis, the natuoalgin CHNWR annual loss threshold would have provided protections
for juvenile naturalorigin CHNWR in two years between water years 2010 to 2022 and wouldeere
implemented due to a loss greater than 50% of the thresliwlalid-to-late March. Howevethecause of
its annual, cumulative naturéhis measure would not offer protections to earlier migrants (i.e.,
NovemberFebruary). The annual loss threshold only provides minimization through OMR action
responses (i.e-3,500 cfs and2,500 cfs OMR index) after the majority of CHNWR emigration through
the Delta has occurregé€eAppendix A Winter-run and Springun Chinook Salmonemporal
Occurrence in the DeljaThus, managing the annual loss threshold alone does not balance loss in a
way to encourage and preserve life history diversity. In order to provide minimization through OMR
action responses before the majority of CHNWR migration has occurred, the CHNWR weekly loss
thresholds were developed (see Section 6;Z®ndition of ApproveB.2.1and Section 6.2;FCondition

of Approval8.4.4). These additional loss thresholds are intended to more evenly distrioggeover the
juvenile CHNWRnaigration season, to avoid reachitige 50% and 75%hresholds and exceeding the
annualloss threshold

6.2.6.4.2 Hatcheryorigin CHNWRAnnual Loss Threshold

Based on this analysis, the hatchemnygin LSNFH CHNWR annual loss threshold would have provided
protections for juvenile hatchergrigin LSNFH CHNWR in one year between water years 2010 to 2022
and would havébeen implemented due to a loss greater than 50% of the thresbetdreen mid
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February to mieMarch.Historical loss of hatchemgrigin Battle Creek CHNWR totaled zero for all water
years that they were released, specifically water years 2018 to 2022; therefore, an additional analysis of
the hatcheryorigin annual loss threshold was not conducted.

OMR action responses (i.€3,500 cfs and2,500 cfs OMR index) when 50% and 75% of the hatehery
origin CHNWR annual loss thresholds are exceeded, respectively, will minimize entrainment of
additional fish into the interior Delta and subsequently redusthfer CHNWR loss at the CVP and SWP
export facilities.

6.2.7. Condition ofApproval8.4.4Natural-Origin Winter-Run Chinook
Salmon Weekly Distributed Loss Threshold

6.2.7.1.Introduction

Condition of Approva.4.4was developed collaboratively between CDFW, NMFS, DWR, and
Reclamation to minimize take and related iagts of the taking of geneticallgentified naturalorigin
CHNWR during OMR Management. Weekly distributed loss threshold accompanies the natural

origin CHNWR annual loss threshold (see Seétds Condition of Approva.4.3 and acts as a
minimization measure to reduce the likelihood of exceeding the total annual loss threshold. The weekly
distributed loss threshold ia product of the weekly percentage of geneticatlgntified naturatorigin
CHNWR present in the Delta, scaled to 100%, and 50% of the ratigial CHNWR annual loss

threshold (0.5% of the JPE; seection6.2.6 Conditionof Approval8.4.3. Weekly distributed loss

thresholds are intended to distribute loss across the OMR Management period rather than allowing loss
to accumulate until the annual loss threshold is exceeded, which could disproportionately impact earlier
migrating naturaforigin CHNWR.

Following a weekly distributed loss threshold exceedance during OMR Management, changes in OMR
flows will be initiated within three days of an exceedanceaduce the likelihood o&dditional

subsequent entrainment and loss of CHNWR at the CVP and SWP export facilities in the south Delta.
Specifically, Condition é&fpproval8.4.4requiresDWRto reduce exports to achieve aday average

OMR index no more negative thad,500 cfs for seven consecutive days if the weekly distributed loss
threshold is exceedkon any single day by theday rolling sum of geneticaligdentified naturatorigin
CHNWR loss at the CVP and SWP export facilities.

Consistent with Conditions @pproval8.2.1and8.4.3, OMR action responses for loss associated with
the Naturalorigin Winter-run Chinook SalmoweeklyDistributed LossThresholdswill be implemented
based on initial LAD identification of natwaigin older juvenile Chinook Salmand may be adjusted,
pending genetic analyses. Loss of natarain CHNWR will be genetically confirmed through SHERLOCK
and GT¥seq methods. If genetic analysis of a natwodgin older juvenile Chinook Salmon observed in
salvage at the CVP and SWP ekfaxilities indicates that any given juvenile Chinook Salmon is not a
geneticallyidentified CHNWR, the fish will not count toward tiveekly loss thesholds Given that
SHERLOCK is a new methodology currently undergoing peer review and field testing, both
methodologies will be used to determine the final identification. In the event that SHERLOCK-gaql GT
provide different run assignments, the results froine GFseq method will be used to determine the

final run assignmen#dditionally, f genetic identification is pending or if genetic identification is not
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possible, OMR action responses will be implemented based on initial LAD identification of-n&tiral
older juvenile Chinook Salmon.

CDFW conducted the following analysis to evaluate the effectiveness of Condifippraival8.4.4
(Winter-run Chinook Salmon Weekly Distributed Loss Threshoidninimizing take of juvenile natural
origin CHNWR.

6.2.7.2.Methods

6.2.7.2.1.Data Retrieval

For this analysis, salvage data of natwagin Chinook Salmon collected at the CVP and SWP export
facilities in water years 2010 to 2022 were summarized from the CDFWd&&yRegion salvage

database (CDFW 202pand loss was calculated using the Chinook Salmon loss equsgisn (

Attachment8 to the2024SWP ITRCDFW 2018 For the analysis of the weekly distributed loss

thresholds, loss was calculated for geneticadigntified naturatorigin CHNWR. The genetically

identified naturatorigin CHNWR daltese for water years 2010 to 2022 was consolidated by DWR,
Reclamation, and CDFW (DWR et al. 2028dllAborativeQA/QCprocess was conducted by DWR,
Reclamation, and CDFW to prepare the genetic database for use in the development of the natural

origin CHNWR annual loss threshold (see Seétdig Condition of Approves.4.3) and naturaorigin

CHNWR weekly distributed loss thresholds for OMR Manage(@eamdition of Approval 8.4.4)here

are caveats to the database for water years 2016 and 2019. Water year 2016 observed loss is potentially
inaccurate given unprocessed Chinook Salmon genetic samples of unknown sample size. Water year
2019 observed loss is also potentially inaccurate due to Chinook Salmon enumeration issues at the Tracy
Fish Collection Facility.

Catch data from Sherwood Harbiwawl (representing the Delta entry point for juvenile CHNWR) and
Chipps Island trawl (representing the Delta exit point), collected by the Delta Juvenile Fish Monitoring
Program for water years 2017 to 2021, were downloaded from the Environmental Datauai({@bI)
website (Buttermore et al. 2021a, 2021b). It is important to note that Chinook Salmon captured at
Sherwood Harbotrawl and Chipps Islantlawl were subsampled for genetics, so catch of genetieally
identified raturalorigin CHNWR does not represent the total number of natarain CHNWR that may
have been encountered. Additionally, catch numbers at Sherwood Hadbwekrand Chipps Islanigawl

do not constitute total abundance estimates, rather they are catch indices, and should not be used to
assess population status. Natwaigin CHNWR JPE estimates for calculating the annual loss threshold
and weekly distributed loss thresholds were ob&infrom annual JPE letters from NMFS and the
Winter-run Project Workfeam (NMFS 2018, 204,%nd 2020; CDFW 2020NVR PWT 2021, 2022, and
2023). For additional information on data sources and limitationsHeEW (2024b)

6.2.7.2.2.Development of NaturalOrigin CHNWR Weekly Distributed Loss Thresholds

Weekly distributed loss thresholds based on the weekly percentage of geneiitsilyfied natural

origin CHNWR in the Delta scaled to the annual T&#d45) were developed to replace daily loss
thresholds from the 2020 SWP ITRr{Gition of Approval8.6.3). Weekly distributed loss thresholds are
designed to distribute potential annual loss of natuoalgin CHNWR at the CVP and SWP export
facilities across the OMR Management period with the goal of protecting the full life history diversity of
migrating juvenile CHNWR rather than accumulating loss at the beginning of the OMR Management
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