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Figure 1: Timing of Longfin Smelt catches by age group in the upper San Francisco Estuary based on Chipps Island Trawl data,
1993 —2022. Graphics depict grand means across years by age group of weekly proportion of total catch per 20-min trawl,
months of October through April only. Data included in this figure begins the 2" week in October and continues for 31 weeks.
Graphs depict relative densities within groups for a) putatively immature adults (less than or equal to 84mm Fork Length (FL));
b) mature adults (between84 and 120 mm FL); and c) large mature adults (greater than or equal to 120 FL) based on the weekly
proportion of total October to April sum of weekly catch per trawl values. Blue vertical lines indicate approximate breaks
between months, beginning with October and ending in APFil. c.....ooo i et ebe e e e abe e e s anes 22

Figure 2: Longfin Smelt relative density (catch per tow, all ages; scale varies by year) for December through March in relation to
X2 (red line) and X0.5 (green line, freshwater) in a low and high outflow water-year, 1991 and 1995, respectively. X2 values for
mean dates of monthly sampling were derived from calculations from DWR provided in January 2008. X0.5 positions were
determined relative to X2 using the equations: X0.5 =-(X2 position)*(Ln((31-(target salinity))/(515.67*(target salinity)))/-7)-1.5),
where 0.5 is the target salinity (Unger 1994) X2 and X0.5 locations were plotted by hand referencing the X2 map in Jassby et al.
(1995 ettt ettt ettt ettt h bt bttt ekt e a e b e e a e e bt e hteeheea s ekt e h e e SR e e a e ekt eateeReeateeh e e A Ee SR e eaEeeheeateehe e b e eh e e bt ehe e bt eatenteehbenneeatenee 23

Figure 3: (A) Sum of annual salvage (Jan-Dec) of Longfin Smelt (all ages) at the State Water Project (SWP) and Central Valley
Project (CVP) facilities and mean Jan-Dec outflow (cfs), 1981 — 2021. Note that annual salvage data for 2007 is limited to
01/01/2007 -07/31/2007. (B) Fall Midwater Trawl (FMWT) annual Longfin Smelt abundance indices (all ages combined) for
1980-2021. Longfin Smelt salvage declined over successive dry years as abundance declined: compare trends in A and B for
TS A 0 A RN 29

Figure 4: Delta Smelt index values for Summer Townet Survey (STN, blue), 20-mm Survey (20-mm, red), and Fall Midwater
Trawl Survey (FMWT, green) from 1995 10 2023, .....oiiiiiiii e ceiee et e et eeete e e e rtae e e eaba e e eeabeeeebaeaeaasaeeeessasasnsssaeassesesbaeesasseeeansnes 35

Figure 5: Mean monthly winter (Dec-Mar) Delta inflow (top), winter total State Water Project and Central Valley Project exports
(middle) and winter X2 location in km (bottom). Delta outflow and total exports data are available beginning in 1961 and X2

data available beginning in 1980. Horizontal line at Chipps Island, 75 km, (bottom) for reference. Loess smoother line shown but
not used in an analysis. Gray shading represents 95% confidence intervals for the loess smoother...........cccccoeeiiiiiiiiieciiieecns 43

Figure 6: Mean monthly winter (Dec-Mar) Old and Middle River (OMR) flows from 1987 through 2022. Dashed line at -5000 cfs
for reference. Loess smoother line shown but not used in @an aNalYSIS. .....ooveeiieriiriiiee e 44

Figure 7: Total catch per unit effort (CPUE) per month of Longfin Smelt from the 20-mm Survey from 1995 to 2022.................. 48

Figure 8: Percentage of injected particles entrained by the State Water Project (SWP) and Central Valley Project (CVP) combined
(a proxy for entrainment), plotted against mean Old and Middle River flows (cfs) for the first seven days post-injection. Injection
points are labeled by fish survey station in proximity to the injection node in DSM2 map (see Life History and Conceptional

Models of Entrainment section and station map available at: https://wildlife.ca.gov/Conservation/Delta ). .......cccevevreeverreennenns 49

Figure 9: Boxplots summarizing (A) monthly water diversions and (B) annual water diversions at Barker Slough Pumping Plant
(BSPP) into the North Bay Aqueduct. The boxplots show monthly median values (1988-2023) and quartile ranges, and the
whiskers and dots show more extreme values (DAYfIOW 2024)........cocvieiierireieenieeseeee et se et ee et eseeesteesteesseesseenseeeneees 51

Figure 10: Fork lengths (mm) of salvaged Longfin Smelt from 1993-2023 at both the State Water Project and Central Valley
Project salvage facilities. Fish caught during the spawning period, December through February of each year, are predominantly
larger than 60 mMm fork 1ength (Ashed INE). ..c..ceviuiriiriiiee ettt st st et e st e sbe st e besseenbesane e 55

Figure 11: Total spring (Apr-Jun) salvage of Longfin Smelt at the State Water Project and Central Valley Project from 1981
through 2022 and mean Delta outflow in cubic meters per second (cfs) for the same period (adapted from CDFG 2009a Figure

Figure 12: Total spring salvage of juvenile Longfin Smelt at the State Water Project and Central Valley Project from 1993
through 2022 for the MoNths Of IMAICH = JUNE. ....oouiieieeee ettt e e e e et e s se e et e e snse e st e enseesneesnseenneeenses 57

Figure 13: Mean monthly spring (Mar-Jun) Delta inflow (cfs) (top), combined State Water Project and Central Valley Project
exports (cfs) (middle) and X2 location (km) (bottom) for 1967 through 2021 (top and middle), 1981 through 2021 (bottom).
Horizontal line at Chipps Island, 75 km, (bottom) for reference. Loess smoother line shown but not used in an analysis. Gray
shaded area represents the 95% confidence interval of the 10€ss SMOOThEr.........cccviiiiiiiiiiiiii e 58

Figure 14: Mean monthly spring (Mar-Jun) Old and Middle River flows (OMR) in cfs as read by USGS gauges for 1987 through
2022. Dashed line at -5000 cfs for reference. Loess smoother line shown but not used in an analysis. ......ccccocceervercveneerieennnns 59



Figure 15: Visual analysis of Longfin Smelt (LFS) caught in the Chipps Island Trawl from 1993-2022: (A) the average catch per
unit effort (CPUE) of LFS greater than or equal to 60 mm within the November through March period; (B) the average
proportion of each age class, 60-74 mm is age-0, 75-97mm is age-1, 98-109 mm is age-2, and 110 mm and greater is age-3; (C)
the average fork length per day, With standard €rror DArs. ..........coociiiiiiiic et e st e b e e e s breeesbaee s 64

Figure 16: The feature importance rankings of the final model, both overall (A) and for each migration stage individually (B-D).

Figure 17: Size distribution of Longfin Smelt detected in the Delta (at or upstream of Chipps Island) between December and
February of each water year from 2009 to 2022 by (a) San Francisco Bay Study (SFBS), (b) Fall Midwater Trawl (FMWT), and (c)
Chipps Island Trawl. No fish were detected by SFBS in 2016 or by FMWT in 2015. The red line indicates fork length cut-off of
60mm used in Adult Longfin Smelt ENtrainment PrOtECLION. ..........cccueeueeceesieeeeeseteeseesteesssessseesseessssassssasseessseesseesseesssesssessseans 66

Figure 18: Barplot of adult Longfin Smelt salvage from 1993 through 2023. Bars represent total expanded salvage for the
Central Valley Project and State Water Project by water year for the months of December — February. .......cccccoevvveeiviieeenineennns 68

Figure 19: Total Longfin Smelt (LFS) catch at CDFW stations 809 and 812 and subsequent salvage of juvenile LFS in the following
14 days for both Smelt Larva Survey (SLS) and 20-mm Survey. Red points indicate data from dry and critical water year types
and blue values from all Other Water YEAr TYPES. .....ii ittt et e st e bt e sar e e sbeesaneesneeenreesanenas 86

Figure 20: Longfin Smelt fork lengths over time from 1997-2023. Red circles indicate 20-mm Survey (20-mm) catches, and blue
triangles indicate Smelt Larva Survey (SLS) catches. Size of the shapes indicate number of raw catch of that fork length for the
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Figure 21: Total catch by life-stage per month of Delta Smelt from the 20-mm Survey, 1995-2022. ......ccccceevverreereenirernrenneennns 95

Figure 22: Mean monthly spring (Mar-Jun) Delta inflow (top), spring total State Water Project and Central Valley Project exports
(middle) and spring X2 location in km (bottom) for 1960 through 2021 (top and middle), 1980 through 2021 (bottom). Loess
smoother line shown but not used in an analysis. Gray shading represents the 95% confidence interval for the smoother. ....... 97

Figure 23: Mean monthly spring (Mar-Jun) Old and Middle River (OMR) flows for 1987 through 2022. Dashed line at -5,000 cfs
for reference. Loess smoother line shown but not used in @an aNalYSIS. .....occveerieriiiiiiee e 98

Figure 24: Scatterplot of salvaged Delta Smelt by fork length and calendar day for the years 1993 - 2023. ........cccceeevveeecvveennns 106

Figure 25: Heatmap depicting the frequency mean daily water temperature exceeded 22°C at locations in Suisun Bay, Suisun
Marsh and the Delta for water years 2009-2023. Each shaded cell indicates a day in any particular water year that was above 22
°C; the closer to red in color, the more years on the assigned date were above 22 °C. Regions are organized from west to east,
and stations are organized downstream to upstream. Regions include Suisun Bay (BAY), Suisun Marsh (SUM), Sacramento and
San Joaquin rivers Confluence (CON), Sacramento River (SAC), and San Joaquin River (SJR). California Data Exchange Center
(CDEC) stations include Martinez (MRZ), Grizzly Bay (GZL), Honker Bay (HON), Beldon Landing (BDL), National Steel (NSL),
Collinsville on Sacramento River (CSE), San Joaquin River at Antioch (ANH), Sacramento River at Rio Vista Bridge (RVB), Liberty
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Figure 26: Scatterplot of daily average Delta outflow versus X2 location for the months of June through August for years 1980
through 2022. X2 values prior to 1997 were reconstructed using a combination of Dayflow and historic data. Blue dashed line
represents 10,000 CFS OULFIOW. ....oicuuiiiiiiiiiiie ettt e st e e st e e e aba e e sabeeesabeeeeasbeeesssbeeesasaeessbeeesnsbeeessseesnssaeennes 119

Figure 27: Boxplots of Delta outflow (top row), State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the month of
June, differentiated by water year type. Solid black lines within the boxplots represent median values. Bar plots of SWP exports
(middle row) represent total volumes of water exported for the month of June, differentiated by water year type. The

horizontal dashed line for Exports/Outflow Ratio indicates @ 1:1 ratio. .....cceceeriereerreseeiiereeiieseetesteeaesteeaeseeeaesreeaesaeesesseeneens 120

Figure 28: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the
month of July, differentiated by water year type. Solid black lines within the boxplots represent median values. Bar plots of SWP
exports (middle row) represent total volumes of water exported for the month of July differentiated by water year type. The
horizontal dashed line for Exports/Outflow Ratio indicates @ 1:1 ratio......cccceevuereerieseeieeseesieseete e etesteeaesee e e sreeaesreesesreeneens 121

Figure 29: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the
month of August, differentiated by water year type. Solid black lines within the boxplots represent median values. Bar plot of
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Figure 30: Scatterplot of daily average Delta outflow versus X2 location for the months of September and October for years
1980 through 2022. X2 values prior to 1997 were reconstructed using a combination of Dayflow and historic data. Blue dashed
line represents 10,000 cfs, red dashed line represents 5,000 CFS. .......c.eoiiiiiiiiiieeiiie e e srre e e e eab e e e s raeesnareeeeans 125

Figure 31: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the
month of September, differentiated by water year type. Solid black lines within the boxplots represent median values. Bar plot
of SWP exports (middle row) represents total volumes of water exported for the month September, differentiated by water
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Figure 32: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the
month of October, differentiated by water year type. Solid black lines within the boxplots represent median values. Barplot of
SWP exports (middle row) represents total volumes of water exported for the month October, differentiated by water year
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Figure 33: Date and magnitude of salvage events of Delta Smelt plotted with OMR flows (Panel A: expanded salvage); and
Freeport mean daily flow (cfs) and turbidity (cfs) (Panel B) during water year 2012 (below normal year). The horizontal red and
blue dashed lines denote the date when 50 FNU and 25,000 cfs thresholds were exceeded, respectively. The solid red vertical
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Figure 34: Salvage of Delta Smelt by length (mm FL) from December to April, grouped by water year. The shaded grey areas
indicate when daily average turbidity surpassed 12 FNU measured at the three water quality stations in the south Delta (OBI,
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Figure 35: Delta Smelt fork length (mm) over time, from March 1 to July 19 for 20-mm Survey from 1995-2022. Red circles and
blue triangles represent individual fish from stations 716 and 718, respectively. .......cccceeciieeiiiiiiiiee e 138
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Figure 37: Box plots showing mean daily temperature trends in the month of June for each water year from 2010 through 2022.
Temperature stations from California Data Exchange Center (CDEC) are listed on the x-axis in order from south (MSD; Mossdale)
to north (BLP; Blind Point). The blue trendlines indicate the direction of temperature change across the interior south Delta as
represented by the temperature stations. The salmonid Old and Middle River (OMR) Management temperature offramp of
22.2°Cis represented by a solid red line. The smelt OMR Management temperature off-ramp of 25°C is represented by a
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Figure 40: Salinity over time for CDEC stations BDL, BLL, GZB, GZL, HUN, MSL, and NSL during summer August 2018 when the
pilot Suisun Marsh Salinity Control Gate study was conducted. Daily average salinity (ppt) plotted on the y-axis for stations in the
proximity of the Suisun Marsh. The shaded box represents the period Suisun Marsh Salinity Control Gate operation; a horizontal
red line represents 6 ppt; and a vertical dashed line represents September 11, the date after which salinities appear to return to
PrE-0PEIALION [BVEIS. ......cc.eveieeiiie ittt ett ettt e sttt e st e e s bt e s abe e e s tbeeesabbee s abeeeaasteeeassaeesaabaeeeasteeesssaeesansaaeansteeesnsbeeenabeaessseeennns 148

Figure 41: Map of California Data Exchange Center water quality stations within Suisun Marsh and Grizzly Bay. All seven
stations are plotted on the map with their respective abbreviations. The SMSCG and MSL are the most upstream locations of the
seven Suisun stations while GZB is the most dOWNSream [OCALION. ............c.ccereeruiriiiirieieeese ettt 149

Figure 42: Plot of daily average chlorophyll, salinity, temperature and turbidity at continuous monitoring stations throughout
the area, June through November 2023. Black dotted lines indicate Delta Smelt habitat thresholds, and the gray dotted line is a
commonly used reference point for high plankton growth. Red vertical lines indicate the start and end dates of the Suisun
Marsh Salinity Control Gate action. [Figure 11 from USBR (2023)] ....ccocueiiireriiereerieeseeeseeeseeesteesseesseeseeesseeesseessseesseesnseessessnses 150

Figure 43: Map of modeled low salinity zone habitat (less than 6 psu) in the no-operation versus Suisun Marsh Salinity Control
Gate operational scenario and differences between scenarios, using 2017 hydrology. [Figure 14 from USBR (2023)]............... 151



Figure 44: Number of days water quality conditions in Suisun Bay, Suisun Marsh, and Sacramento River met the Delta Smelt
habitat suitability criteria (e.g., less than 6 psu salinity, less than 22 °C temperature, greater than 12 FNU turbidity) [Figure 12
FFOIM USBR (2023)] sevvvrveeeeeeeeeeeeeeeeeeseesseeseseesseseesseseesesssesesesesesesesessesseseesaesaseeseeseeseeseeseeseessesesesese s sse e s e s esaessesaseeeeeseesseseeneeseeseenes 152

Figure 45: UnTrim model depictions of the percent time that salinity less than 6 psu for X2 locations of 80 km (left) and 81 km
(right). [From Figure 6 and Figure 7 in USBR (2017)]. «....ccuuecueeeeeceeeieeseesteestsesseesseesteessseesseessasesssesnsessssssssesssssessessnsesssssessensnes 154

Figure 46: Map of tidal wetlands that are currently under restoration or planned for future restoration as part of the Fish
Restoration Program Agreement as of 2022. Reference wetlands are highlighted in green, which are monitored for baseline
conditions to determine the efficacy Of reStOratioN. .......cccuiii i e s e e ebe e e e sate e e s aaee s 157

Figure 47: The graph depicts average invertebrate abundances within a subset of restored and reference wetlands monitored
by the Fish Restoration Program (FRP). Each panel represents a separate restoration project and the different data points
correspond to the four sample types that FRP collects: 500 um mesh macrozooplankton trawls, 150 um mesh mesozooplankton
trawls, 500 um mesh neuston trawls, and 500 um mesh sweep nets within aquatic vegetation. Catch per Unit Effort (CPUE) for
sweep nets is defined as number of individuals per sample rather than per m3. The grey portions within each panel represent
samples that were collected before restoration of the tidal wetland. Note that different projects have different dates when they
were completed. Error bars denote 1 Standard ©ITOr. ....o...eiieiiieiierieee ettt et se e e b e s bt e sseesabeesareenneesareenaneeas 158

Tables

Table 1: Factors affecting Longfin Smelt entrainment and salvage at the State Water Project (SWP) and Central Valley Project
(CVP) export facilities and associated impacts from CDFG (2009D)........ccoiiiiiiiiiieeiiieceiiee et esre e e ere e e eteeeesreeeestreeesraeeesasaaesnnes 26

Table 2: Factors affecting Delta Smelt entrainment and salvage at the State Water Project (SWP) and Central Valley Project
(CVP) export facilities and assOCIAated IMPACES. ...cceiviiririerieeiere ettt sttt st et e st e s bt e atesbesaee s bt e st esbeestesbeeasesbesneensesnsenee 40

Table 3: Longfin Smelt length frequency by survey number based on Smelt Larva Survey catches, 2009-2019. Two surveys are
conducted each month, starting in mid-December (Surveys 12) and ending in late March (Survey 6). Absence of fish in the given
fork length per survey is NighlIZNtEd IN Gray. ......cooiii i e e et e e e st e e e seabe e e e bt e e e eateeeeeabeeesseaeennsaeens 45

Table 4: Number of days with larval Delta Smelt (DS) and Longfin Smelt (LFS) detections at the State Water Project (SWP) and
Central Valley Project (CVP) fish salvage facilities in water year 2008-2022. Annual initiation of larval sampling at the facilities
varied in time, often triggered by presence of one or more spent DS females in the Spring Kodiak Trawl Survey or presence of
DS larvae in Smelt Larva Survey or 20-mm Surveys; Because LFS spawn earlier in the season than DS, detections underrepresent
the presence of LFS larvae at the fish salvage faCilities. ......c.cuveriieciirie et ettt s enaeeeneeas 46

Table 5: Annual catch frequency of newly-hatched, yolk-sac larval Longfin Smelt (LFS) at Smelt Larva Survey stations within the
zone of influence of south Delta export facilities. Documenting the presence of a yolk-sac for larvae within SLS samples began in
2011. Such larvae were likely captured in the vicinity of their hatch location, though the presence of a yolk-sac can last for 10
days for LFS larvae. Stations with no catch of LFS in each water year are highlighted in ray. ....cc.ccceeveveievenieeneceese e 47

Table 6: Cumulative total catch of Longfin Smelt (LFS) detected in the Delta (at or upstream of Chipps Island) between
December and February of each water year from 2009 to 2022 by San Francisco Bay Study, Fall Midwater Trawl, and Chipps
Island Trawl. More than 90% of the LFS returning to the Delta each year had fork length of 60mm or greater. .......cccceevvvvennnns 66

Table 7: Comparison of literature cited that addressed hypotheses pertaining to the relationship between Delta outflow and
LONETIN SMEIL (LFS) @DUNGANCE. ..eieiieieeiiie ettt et e et s et e e st e saeesa s e e seessteesseeeaseesseeenteesaseenseesseeenseesaseenseeenseesseesnseennes 75

Table 8: USGS Old and Middle River (OMR) mean monthly flow for December for each water year. Monthly mean was
calculated from daily aVErage OMR FlOW. ....c..uuiiiiuiiiiiiiee ettt e ettt e et e e s eab e e e sbaeeesbaeessbbeeessbaeaessseesssseeesnseaesnssaeennes 82

Table 9: Total catch of Delta Smelt larvae by fork length (mm) and month of capture in the Smelt Larva Survey, 2009-2023. No
larvae larger than 12 mm have been detected by the SMelt Larva SUIVEY. .......ccociiriiieieeieesie e 96

Table 10: Frequency of newly hatched Delta Smelt (DS) yolk-sac larvae collected by survey station and year in the Delta by the
Smelt Larva Survey, 2011-2023 (i.e., years when yolk-sac presence was noted). No yolk-sac larvae were collected in Suisun
Marsh. All were collected in March surveys (last surveys of the year), though presence of 9-11 mm larvae in March indicates
some hatching in February. No larvae were collected from the stations below in 2017, 2020, 2021, and 2022. Stations with no
catch of DS are highlIGhTed iN Bray. ....cccuieiie et te et e st s e et e e saa e e ae e ssae e seeeaseesseeenteesnseenseesneeesseeenseennen 100

Table 11: Comparison of observed expanded salvage against estimated total entrainment from Smith (2019). .......ccccccvvenenne 111

9



Table 12: California Data Exchange Center (CDEC) temperature stations in the interior Delta listed south to north by location.

Table 13: Dates when Old and Middle River (OMR) management season was off-ramped each water year by calendar date or
water temperature in June during water years 2010-2022. OMR Management for Delta Smelt and Longfin Smelt is off-ramped
when Clifton Court Forebay daily water temperature exceed 25°C for three consecutive days. OMR Management for salmonids is
off-ramped when Mossdale and Prisoner’s Point daily water temperature exceeds 22.2°C for seven days, including non-
consecutive days. If the temperature conditions are not met, OMR Management is automatically off-ramped on June 30. A * and
** are used to indicate when the temperature condition to off-ramp OMR Management was met for the smelts and salmonids
respectively. During water year 2010, OMR Management was off-ramped by both the temperature and calendar date
CONGILIONS. ..eeeiiiieeee ettt ettt ettt e ettt e s a bt e e s bte e e sabe e e s abee e e s btee e aabbee e abeeeeasteeeaaseee s abeeeeaseeeesabbeesaabeeesnsbeeesssbeessnsaeesnntaeensren 141

10



Acronyms and Abbreviations

20-mm Survey
°C

AF
Banks Pumping Plant
BSPP
CCF
CDFG
CDFW
CESA
cfs
CHNSR
CHNWR
cm
CPUE
CvP
D-1641
DCI
Delta
DS
DSM2
DWR
FAV
FEIR
FCCL
FL
FMWT
FNU
FRP

ft
GYSO
HRL
HORB
ITP
Jones Pumping Plant
km

LES
LFS
LFSSP
LSz
MIDS
min
mm
m/s

CDFW 20-mm Delta Smelt Survey

degrees Celsius

acre-feet

Harvey O. Banks Pumping Plant

Barker Slough Pumping Plant

Clifton Court Forebay

California Department of Fish and Game
California Department of Fish and Wildlife
California Endangered Species Act

cubic feet per second

spring-run Chinook Salmon (Oncorhynchus tshawytscha)
winter-run Chinook Salmon (Oncorhynchus tshawytscha)
centimeter(s)

Catch per unit effort

Central Valley Project

SWRCB Water Rights Decision 1641
Delta-Mendota Canal/California Aqueduct Intertie
Sacramento—San Joaquin Delta

Delta Smelt (Hypomesus transpacificus)
Delta Simulation Model 2

California Department of Water Resources
Floating Aquatic Vegetation

Final Environmental Impact Report

Fish Conservation and Culture Laboratory
Fork length

CDFW Fall Midwater Trawl

Formazin Nephelometric Unit

Fish Restoration Program

foot

Goodyear Slough Outfall

Healthy Rivers and Landscapes

Head of Old River Barrier

Incidental Take Permit

C.W Bill Jones Pumping Plant

kilometer

CDFW Larval Entrainment Study

Longfin Smelt (Spirinchus thaleichthys)
Longfin Smelt Science Plan

Low salinity zone

Morrow Island Distribution System
minute

millimeter(s)

meter per second
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NBA

NMEFES

(0]:]

OMR

ppt

psu

PTM

QA/QC
QWEST
Reclamation
RRDS
salvage facilities
SAV

SFBS

SFE

Skinner Fish Facility
SLS

SMSCG

SMT

STN

SWP
SWRCB

TAF

TBP

TL

ucC

USFWS

Water Year Type

WOMT
X2

North Bay Aqueduct

National Marine Fisheries Service

Old River at Bacon Island

Old and Middle River

Parts per thousand

Practical salinity unit

Particle Tracking Model

Quiality Assurance/ Quality Control

Net flow on the San Joaquin River at Jersey Point

U.S. Bureau of Reclamation

Roaring River Distribution System

Tracy Fish Collection Facility and John E. Skinner Delta Fish Protective Facility
submerged aquatic vegetation

San Francisco Bay Study

San Francisco Estuary

John E. Skinner Delta Fish Protective Facility

CDFW Smelt Larva Survey

Suisun Marsh Salinity Control Gates

Smelt Monitoring Team

CDFW Summer Townet Survey

State Water Project

State Water Resources Control Board

thousand acre-feet

South Delta Temporary Barrier Project

total length

University of California

U.S. Fish and Wildlife Service

Water year types were classified using the Sacramento Valley Index and noted as
Critical (C), Dry (D), Below Normal (BN), Above Normal (AN), and Wet (W).
Water Operations Management Team

Distance up the axis of the estuary measured from the Golden Gate where the
near-bottom daily average salinity is 2 psu
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Appendices
Appendix A: DSM2 - Particle Tracking Model Results and Analysis

The effect of Project operational scenarios on the risk of entrainment for Delta Smelt (DS) and Longfin
Smelt (LFS) larvae in the north and south Delta was evaluated using the most recent version of the Delta
Simulation Model 2 Particle Tracking Model (DSM2-PTM). This appendix contains outputs and
summaries from DSM2-PTM which evaluated three hydrologic scenarios; one which represents the
existing condition (baseline) and two which represent two potential implementation scenarios of the
Project (ITP_Spring and 9A_V2A). These data were used to quantify impacts of the taking resulting from
Project operations (see Sections 5.1, 5.2, 8.1, and 8.2 of this Effects Analysis).

Appendix B: An Improved Model for Understanding and Predicting the Adult Longfin Smelt
Migration Timing into the Sacramento-San Joaquin River Delta

To better understand the timing and extent of adult LFS spawning migration, we used machine learning
methods to predict the onset of the LFS migration season using catch of adult LFS within the Chipps
Island Trawl. The analysis within this appendix builds upon the previous effort described in Attachment
7-A of the 2020 Incidental Take Permit (ITP) and introduces several improvements to the model. The
findings of this model are applied to our conceptual model of entrainment for adult LFS (see Section
4.1.1), which is used to quantify entrainment impacts related to Project operations (see Section 8.3).

Appendix C: The Effect of Delta Outflow on Longfin Smelt Recruitment After Accounting for
Stock

This appendix describes an information theoretics Bayesian multiple linear regression approach to test
whether the Fall Midwater Trawl (FMWT) index for LFS is related to outflow after accounting for stock
and ecosystem regimes. This modeling approach incorporates data through 2023 and is part of the
supporting research demonstrating LFS relationship to spring outflow described in Section 6.7 of this
Effects Analysis.

Appendix D: Age 1+ Longfin Smelt Index

The purpose of the Age 1+ LFS index is to provide the relative abundance of the returning spawning
cohort of LFS into the estuary for the purpose of managing entrainment of LFS relative to the strength of
the spawning cohort prior to spawning. This index utilizes data collected by CDFW’s San Francisco Bay
Study (SFBS) which samples the majority of the LFS geographic distribution within the estuary. We use
this index in the 2024 Incidental Take Permit to set salvage thresholds for adult LFS greater than or equal
to 60 mm (Condition of Approval 8.3.3) and catch thresholds of larval and juvenile LFS in the lower San
Joaquin River (Condition of Approval 8.4.2). This appendix provides a description of the methods
regarding the development of the Age 1+ LFS Index.

Appendix E: Modified Zooplankton-Flow Analysis

To better understand the effect of Project operations on food resources for DS and LFS, we used an
analysis to explore the relationship between water exports and zooplankton abundance. The analysis
described in this appendix modeled the direct relationship between exports and abundance of two
species of zooplankton while accounting for outflow through the Delta. The results of this analysis were
used to support findings described in Sections 5.4 and 8.6 of this Effects Analysis.
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Appendix F: Turbidity Bridge Avoidance Analysis

This appendix analyzes the spatial extent of turbidity conditions within the south Delta and Old and
Middle Rivers (OMR) corridor and compares California Data Exchange Center (CDEC) stations that may
be used as a proxy to minimize entrainment of larval and juvenile DS. The analysis of turbidity stations
was used to support Sections 8.1.1 and 8.2.1 of this Effects Analysis.
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1. Introduction

In response to the California Department of Water Resources (DWR) request for authorization for the
incidental take of Longfin Smelt (Spirinchus thaleichthys, LFS), Delta Smelt (Hypomesus transpacificus,
DS), winter-run Chinook Salmon (Oncorhynchus tshawytscha, CHNWR), spring-run Chinook Salmon
(Oncorhynchus tshawytscha, CHNSR), and White Sturgeon (Acipenser transmontanus) under the
California Endangered Species Act (CESA) for existing and future operations of the State Water Project
(SWP; Project), we conducted an analysis based on DWR’s Incidental Take Permit (ITP) Application for
Long-term Operation of the Project dated November 1, 2023 (ITP Application; DWR 2023), DWR’s Draft
and Final Environmental Impact Report (DEIR and FEIR, respectively, SCH No. 2023060467), existing
data, and literature. In the section below, we provide background information, methodologies and
approaches used, and discussions and definitions of the terminology and information available. This
document focuses on analyses conducted for LFS and DS.

As part of our analysis, we have considered 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 (DWR 2024b), U.S. Fish and Wildlife Service (USFWS) Biological Opinion for the Reinitiation of
Consultation on the Coordinated Operations of the Central Valley Project and State Water Project issued
on October 21, 2019 (USFWS 2019 Biological Opinion; USFWS 2019) and the National Marine Fisheries
Service (NMFS) Endangered Species Act Section 7 Biological Opinion on Long-term Operation of the
Central Valley Project and the State Water Project (NMFS 2019 Biological Opinion; NMFS 2019). In
addition, we considered that the Project will comply with all applicable State, federal, and local laws and
regulations in existence or adopted after the issuance of the ITP as well as State Water Resources
Control Board (SWRCB) Water Rights Decision 1641 (D-1641; SWRCB 2000).

Lastly, given the limitations of California Simulation (CalSim) 3 modeling, modeled Proposed Project
operations provided for this Effects Analysis include CVP and SWP joint operations in the Delta,
specifically Old and Middle river (OMR) flow management measures (see Sections 5.1.1, 5.2.1, 5.3.1,
8.1.1, 8.2.1, and 8.3.10f this Effects Analysis).

2. Project Description Summary

Under the 2024 SWP ITP, DWR will 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 million
acre-feet (MAF) of water for agricultural, municipal, industrial, recreational, and environmental
purposes while also providing flood control. The principal facilities of the SWP are Oroville Reservoir and
related facilities, San Luis Dam and related facilities, facilities in the Delta, the Suisun Marsh Salinity
Control Gates (SMSCG), the California Aqueduct including its terminal reservoirs and the Delta-Mendota
Canal/California Aqueduct Intertie (DCI), and the North and South Bay Aqueducts. Water stored in the
Oroville facilities, along with water available in the Delta (consistent with applicable regulations), is
captured in the Delta and conveyed through several facilities to SWP contractors. DWR holds contracts
with 29 public agencies in northern, central, and southern California for water supplies from the SWP.

15



The Project includes operations of the following facilities in the Delta: Harvey O. Banks Pumping Plant
(Banks Pumping Plant), the Clifton Court Forebay (CCF), the John E. Skinner Delta Fish Protective Facility
(Skinner Fish Protective Facility), the Barker Slough Pumping Plant (BSPP), the South Delta Temporary
Barriers Project, San Luis Reservoir, the DCI, the Georgiana Slough Salmonid Migratory Barrier, and
Suisun Marsh facilities including the SMSCG, Roaring River Distribution System (RRDS), Morrow Island
Distribution System (MIDS), and Goodyear Slough Outfall (GYSO).

The Project is located within the following geographic area (Project Area, see Figure 1 attached to the
2024 SWP ITP):

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

e Sacramento-San Joaquin Delta (i.e., upstream to Vernalis and downstream to Chipps Island);
and

e Suisun Marsh and Bay.

Project operations will be in all fish-bearing waterways within the Project Area. The northern edge of the
Project Area is located at the confluence of the Sacramento River and Feather River in Yolo County at
approximately 38.785281 latitude, -121.621825 longitude and extends downstream on the Sacramento
River to the Delta. To the south and east, the 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 Activities contemplated under the 2024 SWP ITP are detailed in the permit and include
operations of the Banks Pumping Plant (including water transfers), Skinner Fish Protective Facility, 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 aquatic weed removal), and the Suisun Marsh Facilities that include the
SMSCG, the RRDS, the MIDS, and GYSO.

3. Covered Species List

The ITP provides DWR with incidental take authorization for the Project for the following species,
referred to collectively as “Covered Species”:

Longfin Smelt, CESA-listed as Threatened

Delta Smelt, CESA-listed as Endangered

Spring-run Chinook Salmon, CESA-listed as Threatened
Winter-run Chinook Salmon, CESA-listed as Endangered
White Sturgeon, CESA candidate for listing

vk wNE

CDFW’s analyses of effects to spring-run Chinook Salmon, winter-run Chinook Salmon, and White
Sturgeon are in separate documents.
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4. Covered Species Life History
4.1. Longfin Smelt

The Longfin Smelt (Spirinchus thaleichthys) in California is a small (up to 150 mm total length (TL)),
presumably semelparous, anadromous member of the “true smelt” family Osmeridae (Moyle 2002). It
exhibits a predominantly two-year life history (Moyle 2002, Rosenfield and Baxter 2007) though the
potential to spawn at the end of their first and third years of life has been detected (CDFG 2009a). The
abundance of LFS has been in decline for decades (Kimmerer and Gross 2022; Nobriga and Rosenfield
2016; Rosenfield and Baxter 2007; Sommer et al. 2007) only interrupted by short periods of high spring
outflow and coincident population increases (Thomson et al. 2010). Increasing X2 (the distance up the
axis of the estuary measured from the Golden Gate where the near-bottom daily average salinity is 2
practical salinity unit (psu)) in the spring (Jassby et al. 1995; Kimmerer 2002a; Kimmerer et al. 2009) and
to a lesser degree water clarity, have had negative effects on LFS abundance over the long-term
(Thomson et al. 2010) and changes in its feeding environment subsequent to the introduction of the
overbite clam, Potamocorbula amurensis, likely led to the first of two known step declines in abundance
beginning in 1988 (Baxter et al. 2010; Feyrer et al. 2003; Kimmerer 2002a). The second step decline
occurred in the early 2000s (Kimmerer et al. 2009) and is associated with the Pelagic Organism Decline
(Sommer et al. 2007; Baxter et al. 2010) however the cause of this phenomena remains unknown (Mac
Nally et al. 2010; Thomson et al. 2010). LFS abundance has since declined to record lows (Hobbs et al.
2017; Kimmerer and Gross 2022).

Spawning in California: Although individuals have been collected as far south as Monterey Bay, the San
Francisco Estuary (SFE) is home to the southern-most spawning population for the species and the
largest spawning population in California (Garwood 2017). Spawning has also been noted in the Klamath
River, Mad River, Eel River, and tributaries to Humboldt Bay (Brennan et al. 2022; Garwood 2017),
additionally, LFS larvae have been detected near the mouth of the Russian River (C. Brennan personal
communication January 2024). Within the SFE, LFS appear to spawn at least periodically in Coyote Creek,
a tributary to south San Francisco Bay; Petaluma River and Sonoma Creek, tributaries to San Pablo Bay;
Napa River, tributary to Carquinez Strait (Lewis et al. 2020; Lewis et al. 2019a; Lewis et al. 2017; Parker
et al. 2017; USFWS 2022); Green Valley Creek, tributary to Suisun Marsh (CDFG 2009a); and likely
throughout eastern Suisun Bay, the central Delta/San Joaquin River to about Turner Cut/Rough and
Ready Island and north Delta into the Cache Slough and the Sacramento Deepwater Ship Channel (CDFG
2009a; Moyle 2002), and rarely higher in the Sacramento and San Joaquin rivers (CDFG 2009a; USFWS
2022). LFS successfully spawn and rear in tributaries that flow into San Pablo and San Francisco Bays in
wet water years with high freshwater outflows (Lewis et al. 2019a; USFWS 2022). Substantial flows out
of these smaller tributaries can create localized isohalines that cue LFS to spawn. Due to prevailing
oceanic currents, there is little interaction and connectivity between LFS the population in SFE and
populations to the north (Saglam et al. 2021; USFWS 2022).

Spawning: Maturing and immature fish move toward freshwater sources in late fall and winter as water
cools, and appear to stage in low salinity habitat around X2 with lesser densities detected with distance
upstream in freshwater (CDFG 2009a; Lewis et al. 2019b; USFWS 2022). Thus, LFS move farther into the
Delta during dry years when X2 is farther upstream, increasing their vulnerability to entrainment into

the south Delta (CDFG 2009a, USFWS 2022). In Lake Washington, ripe adults make short (1-2 km), night-
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time migrations into tributaries to spawn (Dryfoos 1965; Moulton 1970; Moulton 1974, CDFG 20093,
Rosenfield 2010), laying small adhesive eggs on sand and, to a lesser degree, gravel substrates
(Brocksmith and Sibley 1995; Martz et al. 1996; Moulton 1974). In Coyote Creek, a tributary to south San
Francisco Bay, maturing LFS were observed to congregate in low salinity habitats and ripe adults were
collected several km upstream (J. Hobbs personal communication 2019; Lewis et al. 2019b), similar to
behaviors observed in Lake Washington tributaries. Spawning is also inferred to occur in some marshes,
particularly within Suisun Bay and the western Delta (Grimaldo et al. 2017). In the SFE, spawning occurs
primarily from December through March but periodically extends from November through April (CDFG
2009a, USFWS 2022). Adhesive eggs are not believed to be particularly vulnerable to direct entrainment,
although they are known to be captured by drift nets in Lake Washington tributaries at times (Martz et
al. 1996), thus eggs can presumably drift under strong currents. Eggs spawned in brackish water or near
the downstream limit of freshwater in the Bay-Delta may be affected by increases in salinity when
outflow declines as a result of diminished natural runoff and SWP operations. Those spawned in Bay
tributaries could similarly face high salinity conditions due to volatile tributary flows or water diversions
which facilitate salinity encroachment upstream.

Egg, larval and juvenile development: Egg incubation duration is inversely related to water temperature
and typically ranges from two to four weeks. Yanagitsuru et al. 2021 found that incubation took an
average of 23.7 days at 9°C, 19.3 days at 12°C, and 16.5 days at 15°C. This same study observed
significantly reduced hatching success at 15°C, indicating that while hatch time was a function of water
temperature, that hatching success would begin to decline at warmer temperatures. In tributaries to
Lake Washington, LFS select predominantly sand and gravel substrates for spawning (Brocksmith and
Sibley 1995; Martz et al. 1996) and high flows dislodged some eggs reducing survival (Chigbu 2000;
Martz et al. 1996). At hatching, larvae are buoyant and become predominantly surface oriented until
they reach greater than 10 mm TL, when air bladder development begins and facilitates vertical
movement allowing fish to better maintain position or move within the estuary (Bennett et al. 2002;
Wang 2007). Larvae are initially dispersed by tidal currents and net flows, and thus are susceptible to
entrainment when hatched in the central or south Delta (CDFG 2009d). LFS larvae develop fully formed
fin arrays and have an associated increase in volitional movement at approximately 20 mm TL (Wang
2007).

Temperature: LFS larvae and small juveniles are most commonly found in temperatures of 13-16 °C
(Lewis et al. 2016). They are sensitive to water temperatures of 20 °C and above (95% collected below
21.1 °C, (Jeffries et al. 2016)), and appear to leave the Delta in early summer as water temperatures
exceed 20 °C. In small tributaries of San Francisco and Pan Pablo Bay’s, water temperatures can reach 20
°C and above by March and larvae and juvenile LFS are seldom observed in these habitats at
temperatures above 16 °C (Lewis et al. 2017). Such early temperature increases limit the length of time
Bay tributaries can provide nursery habitat. While LFS larvae are capable of surviving temperatures past
20 °C, recent laboratory studies indicate that eggs have reduced hatching success and yolk sac larvae
have reduced growth rates at temperatures exceeding 15 °C (Yanagitsuru et al. 2021).

Salinity: Over time, as larvae and juveniles develop, individuals disperse downstream from spawning
habitat and into brackish water and eventually marine habitats (Baxter et al. 1999; Kimmerer and Gross
2022, USFWS 2022). Both larvae and early juveniles are initially distributed around the location of X2;
however, the population size index in relation to X2 seems to be strongest after early larval
development (Dege and Brown 2004; Kimmerer and Gross 2022; Parker et al. 2017, USFWS 2022). As a
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result, hatch location, net channel currents and the position of X2 influence the risk of entrainment for
these early life stages. Early rearing in the low salinity zone (LSZ), particularly in the 1-4 parts per
thousand (ppt) range, has produced the highest recruitment historically (Hobbs et al. 2010), though
some larvae and small juveniles have been found in much higher salinities of 14 to 18 ppt (Kimmerer et
al. 2013; Parker et al. 2017). The volume and surface area of this low-salinity habitat varies with X2,
reaching maxima when X2 is in Suisun Bay at about 68 km and again when X2 is in San Pablo Bay at
about 40 km (Kimmerer et al. 2013). The larger embayment’s of San Pablo and Suisun bays are typically
more turbid than other areas of the estuary due to wind and wave action and tidal mixing (Durand 2014;
Nobriga et al. 2008; Ruhl and Schoellhamer 2004). The increase in volume/surface area combined with
turbidity could provide additional foraging opportunities and reduced predation risk, enhancing larval
growth and survival. However, laboratory experiments have found LFS yolk sac larvae to have the
greatest growth and survival at salinity ranges higher than X2 (Yanagitsuru et al. 2022). These
experiments show that individuals reared in 5 — 10 ppt have improved osmoregulation and ion
regulation and higher overall fitness. Increases in whole body sodium ions, in response to higher salinity
treatments, may be a positive adaptation as opposed to a failure to regulate ionic content within the
body (Yanagitsuru et al. 2022). The discrepancy between salinities that result in peak yolk sac larvae
growth/survival and salinities that result in highest successful recruitment to adult life stages still needs
to be investigated.

Food sources: Low salinity habitat, whether in San Pablo Bay, Suisun Bay, or further upstream, contains
important LFS food sources, including calanoid copepods and mysid shrimp. Larval and juvenile LFS prey
selection is associated with size. Larvae or young juveniles that measure less than 25mm TL feed
primarily on copepods while juveniles that measure larger than 25 mm TL strongly target mysids when
available (Barros et al. 2022, Lojkovic-Burris et al. 2022). In addition to dietary biases related to size, LFS
diets show some biases for individual species. Specifically, LFS were found to positively select for the
calanoid copepod Eurytemora affinis (which has been reclassified to E. carolleeae (Jungbluth et al. 2021)
but will remain E. affinis for this document) (Lojkovic-Burris et al. 2022)and mysid shrimp Neomysis
mercedis (Barros et al. 2022), and both species were once important food sources for LFS residing in low
salinity habitats (Barros et al. 2022; Rosenfield and Baxter 2007). Historically, E. affinis was abundant
and available for much of the year, regardless of flow conditions. Since the invasion of the overbite
clam, P. amurensis and the introduction of another copepod, Pseudodiaptomus forbesi, E. affinis is only
abundant for one or two months in spring and its abundance is now positively correlated with spring
outflow (Hennessy and Burris 2017; Kimmerer 2002a). Similarly, the once-abundant N. mercedis has
dramatically declined in population size, with the smaller, nonnative mysid Hyperacanthomysis
longirostrus largely replacing N. mercedis (Avila and Hartman 2020; Kimmerer 2002a; Kimmerer and Orsi
1996 ; Orsi and Mecum 1996). Mac Nally et al. (2010) developed strong evidence that low outflow (as
represented by X2) significantly reduced calanoid copepod biomass in spring and mysid biomass in
summer within the LSZ (see also Hennessy and Burris 2017). The introduced calanoid copepod P. forbesi
and introduced mysids (primarily H. longirostrus) now provide important LFS diet components from late
spring through fall (Barros et al 2022; Baxter et al. 2010, Lojkovic-Burris et al. 2022). The abundance of P.
forbesi in the LSZ during summer and fall is subsidized from populations upstream and influenced by
freshwater outflow (Durand 2010; Hennessy and Burris 2017; Kimmerer et al. 2018). This food subsidy
to Suisun Bay replaces some of the local zooplankton production lost to the overbite clam. However, this
subsidy decreases as outflow decreases (reported as X2 advancing upstream; see also Mac Nally et al.
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(2010)). Decreased outflow also shifts the P. forbesi population further east, where it is at greater risk of
entrainment and loss to SWP south Delta and in-Delta water exports (Kimmerer et al. 2018).

Juvenile dispersal: Many juvenile LFS disperse into marine salinities by summer. However, an unknown
segment of the juvenile population will stay and rear in intermediate salinities within San Pablo Bay
through the summer and fall (Baxter et al. 2010; Baxter et al. 1999). LFS larvae and juveniles that do not
migrate downstream from freshwater habitats do not contribute significantly to the adult population
(Hobbs et al. 2019a). After the introduction of the overbite clam, LFS exhibited a distribution shift
toward higher salinities (Fish et al. 2009). Actions in spring, summer and fall aimed at improving habitat
and productivity of Suisun Bay could provide benefits to rearing juvenile LFS and, if successful, may over
time increase LFS use of this region. During high flow years, LFS recruitment is strongly influenced by
conditions in the San Francisco Bay, suggesting that restoration efforts there may also confer benefits to
the species in some years (Grimaldo et al. 2020).

LFS abundance (i.e., year-class strength) continues to be positively related to freshwater outflow during

its winter-spring spawning and early rearing periods (Jassby et al. 1995; Kimmerer 2002b; Kimmerer and
Gross 2022; Rosenfield and Baxter 2007; Sommer et al. 2007; Stevens and Miller 1983; Tamburello et al.
2019; Thomson et al. 2010) and there is strong evidence that adult stock size also influences the outflow
abundance relationship (Nobriga and Rosenfield 2016).

4.1.1 Conceptual Models of Entrainment

Within this Effects Analysis, we define the process of entrainment as the geographic distribution of
individuals through hydrodynamic advection as a result of pumping freshwater out of the Delta. CDFW
supports two conceptual models of how LFS behavior and distribution at various life stages influence the
risk of entrainment into the central and south Delta, with particular attention to entrainment into the
south Delta and into SWP export facilities. We focus on two periods, the late fall through early spring
period when immature and mature individuals move upstream and into the upper estuary and Delta to
rear and spawn, respectively; and the winter through early summer period when eggs, larvae and
juveniles spawned in or near the Delta hatch, rear and begin their downstream migration. During each
period, some portion of the population inhabits the central and south Delta and is at risk of entrainment
in south Delta water exports.

4.1.1.1. Mature and Immature Adults (Late Fall and Winter)

Maturing age-1 LFS are rare or not present in the estuary during the late summer and early fall (August
and September) just prior to their spawning season. Though many rear in marine waters at this time,
detections in the lower estuary (i.e., San Pablo Bay) suggest that not all LFS migrate to marine habitats
(Merz et al. 2013; Rosenfield and Baxter 2007). As estuarine waters cool in late fall, both maturing and
immature individuals re-occupy the upper estuary (i.e., Suisun Bay/Marsh and the Delta; Figure 1). From
at least December through March, adults appear to stage in low salinity water to mature (Figure 2) and
potentially make short-distance, nocturnal spawning runs into freshwater for spawning as observed in
Lake Washington (Dryfoos 1965; Moulton 1970; Moulton 1974). Some LFS may spawn in brackish water
(Grimaldo et al. 2017), which would position them out of the influence of south Delta export facilities,
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but potentially within the influence of other SWP facilities such as those in Suisun Bay. Freshwater and
turbidity sources for Suisun Bay may attract spawners to regions where they or their progeny are at risk
of entrainment in other diversion facilities: for example 1) to Green Valley Creek and Cordelia Slough
and the MIDS; and 2) Cache Creek and Cache and Lindsey sloughs and the BSPP (CDFG 2009a). Because
LFS distribution shifts with X2 location (Figure 2), species density appears to decrease with distance
upstream from the LSZ, with some spawners reaching Cache slough in most years (Figure 2). As a result,
the location of X2 in winter approximately predicts the centroid of the distribution of mature LFS and
influences how far spawning migrations penetrate the Delta, which in turn influences the risk of
entrainment of adult LFS and their progeny into SWP export facilities (CDFG 2009d; Kimmerer and Gross
2022; Sommer et al. 1997). Individuals remaining and spawning in low salinity regions (e.g., 2-4 ppt) are
relatively invulnerable to entrainment by SWP south Delta exports except when X2 is high and OMR flow
is more negative than -5,000 cfs (Grimaldo et al. 2009, Kimmerer and Nobriga 2008). The salvage of
adult LFS has been rare since 2009 when OMR Management strategies to minimize the effect of exports
on listed species began (Figure 3Figure 18). The location of X2, the abundance of LFS in the upper estuary
(i.e., number in proximity to facilities), and export rates during the spawning period are believed to have
the greatest effects on LFS entrainment into the central and south Delta and SWP south Delta facilities,
as indexed by salvage (CDFG 2009a & b; Grimaldo et al. 2009; Sommer et al. 1997).

Immature and mature adult LFS migrate into the San Joaquin River as far upstream as Turner Cut and
the vicinity of Rough and Ready Island (CDFG 2009a). Immature and mature adult LFS may also
volitionally migrate directly into the south Delta and place themselves at risk of being subsequently
entrained into the SWP export facilities. Alternately, highly negative OMR flows may mis-cue individuals
in the central or south Delta into swimming toward the pumps rather than Suisun Bay.

As mentioned above, LFS smaller than the approximate size for maturity (less than or equal to 84 mm
FL; i.e., immature adult fish (Baxter et al. 1999), Figure 1) are found within the Delta upstream of X2
during winter. These individuals are either rearing in habitat that became available as Delta
temperatures cooled in fall, or they are individuals destined to mature and spawn below estimated size
of maturity, or a combination of both.

21



0.081
0061 3
>3
a
¢ 0.04- cD
. I I I I I E
= 0021 @
> I-Illl ll lll ainnil
a : o 20 30
=
[&]
e
©
O 0157
g
2 0104 »>=
c o
< cc
w— 0.05- =
c I Illll ’
[
O 00 ---__-_-l ll...------.l-
'g 0 10 20 30
S
o
a
—
) ()
D 0.20 Q
o o
2 2=
& 010 I =3
I I 5
c
0.00- _ --.. I-I [ | I..--.__ —— @
0 10 20 30

ISOweeks since October 1

Figure 1: Timing of Longfin Smelt catches by age group in the upper San Francisco Estuary based on Chipps Island
Trawl! data, 1993 — 2022. Graphics depict grand means across years by age group of weekly proportion of total
catch per 20-min trawl, months of October through April only. Data included in this figure begins the 2" week in
October and continues for 31 weeks. Graphs depict relative densities within groups for a) putatively immature
adults (less than or equal to 84mm Fork Length (FL)); b) mature adults (between84 and 120 mm FL); and c) large
mature adults (greater than or equal to 120 FL) based on the weekly proportion of total October to April sum of
weekly catch per trawl values. Blue vertical lines indicate approximate breaks between months, beginning with
October and ending in April.
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Figure 2: Longfin Smelt relative density (catch per tow, all ages; scale varies by year) for December through March
in relation to X2 (red line) and X0.5 (green line, freshwater) in a low and high outflow water-year, 1991 and 1995,
respectively. X2 values for mean dates of monthly sampling were derived from calculations from DWR provided in
January 2008. X0.5 positions were determined relative to X2 using the equations: X0.5 =-(X2 position)*(Ln((31-
(target salinity))/(515.67*(target salinity)))/-7)-1.5), where 0.5 is the target salinity (Unger 1994) X2 and X0.5
locations were plotted by hand referencing the X2 map in Jassby et al. (1995).
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4.1.1.2. Larvae and Juvenile (Spring and Early Summer)

Larval LFS hatch from December through April or May (Baxter et al. 1999; CDFG 2009a; USFWS 2022).
Hatching locations are directly related to adult LFS spawning migration efforts and site selection. As
mentioned above adult LFS spawning migrations and site selection are, to some degree, determined by
the X2 location prior to and during the migration period. Therefore, X2 position in the winter and early
spring spawning period can influence the hatching locations for larval LFS. Larvae generally hatch farther
east into the Delta in low outflow years compared to high outflow years (CDFG 2009d, USFWS 2022),
which results in greater number of salvaged juvenile fish (CDFG 2009d; Sommer et al. 1997). Larvae
hatched or transported into the south Delta, south of Franks Tract, are assumed to be entrained into the
OMR corridor and into the spatial extent of the hydrodynamic influence of the export facilities, referred
to in this Effects Analysis as the zone of influence. The zone of influence is a conceptual geographic
region in which the dominant hydrodynamic factor is the magnitude of exports. The size and shape of
the zone of influence is dynamic and changes based on tidal fluctuation, export rate, and inflow, mainly
from the San Joaquin River and tributaries flowing into the eastern portion of the Delta. Larvae drawn
into CCF are assumed to be lost to the system, because fish in this stage are too small to be effectively
diverted to the salvage facilities (CDFG 2009d). Larval growth is slow, requiring almost three months to
achieve 20 mm TL (Lewis et al. 2017). Only fish greater than, or equal to, 20 mm are counted in fish
salvage operations; fish less than 20 mm are lost to the system without documentation of magnitude of
loss, only presence (Morinaka 2013a).

For larvae hatching in the San Joaquin River channel, net current direction within channels where eggs
hatch determines whether larvae are predominantly transported downstream toward Suisun Bay or
upstream toward the south Delta export facilities (CDFG 2009d). Thus, OMR flow and the net flow on
the San Joaquin River at Jersey Point (QWEST) interact to determine the fate of larvae hatched near the
confluence of Old River and the San Joaquin River (CDFG 2009d). Once entrained within the south Delta,
export rates and San Joaquin River and east-side tributary flows determine how rapidly fish are
entrained in CCF. Once within CCF, LFS larvae may be rapidly transported into aqueducts heading south
if export rates are high. Alternatively, if exports are moderate or low, wind-driven surface currents and
the larvae’s proclivity for the surface may cause them to remain within the CCF for a protracted period
of time. While in CCF, predation and loss of fish is assumed to be relatively high (CDFG 2009d). In both
the south Delta and CCF, moderate and low export rates can lead to a disjunction between dates of
entrainment into the south Delta or CCF, and dates of passage into fish salvage facilities. The time span
between entrainment into the south Delta and observation is salvage can be long enough to allow larvae
to grow to juvenile size (greater than or equal to 20 mm) within the south Delta or CCF. Juvenile LFS will
attempt to avoid water temperatures approaching and exceeding 20 °C, by swimming downstream
(Jefferies et al. 2016; Lewis et al. 2017). Such behavior could lead to potentially increased CCF
entrainment of fish mis-cued by reversed flows in the south Delta and to increased salvage of fish
already entrained in CCF looking for a way out. The south Delta and CCF are considered poor habitats for
LFS due to risk of loss at the export facilities, increased predation in clear water, and high summer
temperatures which are lethal to LFS (USFWS 2022).

41.1.3 Spring and Summer Entrainment of Larvae and Small Juvenile Longfin Smelt in Barker
Slough Pumping Plant and Suisun Marsh facilities

LFS larvae are also known to hatch in the north Delta near the BSPP, in Suisun Marsh near the RRDS and
in Green Valley Creek upstream of the MIDS (CDFG 2009a; CDFG 2009d, USFWS 2022). The BSPP and
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RRDS are screened, but nonetheless, they may entrain or impinge newly hatched and small LFS larvae.
Positive barrier fish screens, consisting of a series of flat, stainless steel, wedge-wire panels with a slot
width of 3/32 inch, have been shown to exclude larval fishes smaller than their design criteria of 25 mm
or larger (Nobriga et al. 2004). However, it has not been demonstrated that such screens are similarly
effective when placed at the upper end of a dead-end slough like Barker Slough. As fish grow and
seasonal temperatures increase fish are expected to emigrate from Barker Slough, reducing and
eventually eliminating the risk of entrainment and impingement. The impacts from BSPP operations on
LFS larvae are more substantial in dry and critical water years when LFS larvae are distributed further
into the Delta, low outflow reduces downstream dispersal of larvae, and BSPP pumping rates increase
(Appendix A).

RRDS, on the southeastern edge of Suisun Marsh is also within the range of spawning LFS. It too
possesses a positive barrier fish screen, but one that borders a tidal channel rather than at the upper
end of a dead-end slough. As a result, the potential of RRDS to entrain LFS larvae or impinge LFS
juveniles is much reduced relative to the BSPP.

The MIDS diversion is not screened and has entrained LFS larvae in the past (Enos et al. 2007).
Presumably, the freshwater inflows from Green Valley Creek periodically attract LFS spawners which
spawn upstream and place their larvae at risk of entrainment (CDFG 2009d).

4114 Entrainment into the South Delta

The entrainment of LFS into the south Delta represents an impact of the export facilities, because LFS
are believed to be exposed to increased mortality, though this has not been quantified (see Grossman
2016). Entrainment into the south Delta need not lead to entrainment into the export facilities if 1) LFS
are either large enough to emigrate and chose the correct direction to exit the Delta or 2) if export rates
are sufficiently low to allow time for entrained larvae to grow and develop sufficiently to emigrate from
the south Delta. Emigration from the south Delta is assumed to be cued by increasing spring and early
summer temperatures.

4.1.1.5 Entrainment into Export Facilities and salvage

Entrainment into CCF represents a direct effect of SWP operations that is not quantified directly.
Instead, total entrainment into CCF is calculated based upon expansions of the number of LFS salvaged
at the Skinner Fish Salvage Facility to account for fish lost to predation and for fish not effectively
diverted from export flows to salvage due to size or swimming ability (Brown et al. 1996; CDFG 2009d;
Kimmerer 2008). Moreover, entrainment is estimated from sub-samples of individuals diverted from
exported water (Brown et al. 1996; CDFG 2009d; Kimmerer 2008). The number of fish entrained in CCF
has not been quantified from direct observations (Table 1; Brown et al. (1996)).
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Table 1: Factors affecting Longfin Smelt entrainment and salvage at the State Water Project (SWP) and Central
Valley Project (CVP) export facilities and associated impacts from CDFG (2009b).

Factors
Predation prior to
encountering fish salvage
facilities

Mortality due to high
temperatures in spring

Louver efficiency
(based on Delta Smelt
results)

Collection screens
efficiency

Identification and
enumeration protocols

Fish survival after fish
collection, handling,
transport, and release
back into the Delta based
on Delta Smelt studies®
1Jeffries et al. (2016)

2Morinaka (2013a)

Adults

Unquantified, assume
similar to other fishes

Unquantified, limited
number exposed

Limited data indicate an
efficiency of about 27%
for the CVP facility;
about 37% for the SWP
facility

~100%

Identified from
subsamples, then
expanded in salvage
estimates

85% for SWP and no

information available for

CvpP

Larvae

Unquantified

Unquantified, limited
number exposed

~ 0%

~ 0%

Identified from
subsamples as present
since 20082

Unquantified

Juveniles

Unquantified, assume
similar to other fishes

Unquantified, but
probably high due to
tolerance?!

Likely £ 30% at any size;
much less than 30 % at
fork length (FL) less than
30 mm

Much less than 100%
until FL at least 30 mm
Identified from
subsamples, then
expanded in salvage
estimates

58% for SWP and no
information available for
CvP

3 Aasen (2013), Afentoulis et al. (2013), Morinaka (2013b)

Fish entrained into CCF may succumb to predation or, in late spring and summer, to lethal water
temperatures prior to entering the salvage facilities. Alternatively, fish, particularly larvae, may not be

effectively screened from diverted water and subsequently salvaged (Brown et al. 1996). Fish less than
20 mm in length are considered larval and not counted in salvage even if they are successfully diverted
from exported water (Kimmerer 2008). However, in 2008 presence/absence sampling DS larvae
(Morinaka 2013a) and LFS larvae were identified as present. Many of the LFS salvaged at the fish facility
likely die before release back into the estuary due to stress, injury or predation encountered during fish
collection, handling, transport, and release (Aasen 2013; Afentoulis et al. 2013; Brown et al. 1996;
Morinaka 2013b).

Kimmerer and Gross (2022) used Smelt Larva Survey (SLS) data to estimate LFS larval population size in
the upper estuary and then estimated the potential losses due to diversions in the south Delta as the
product of the local larval population density and diversion flow rate. They found estimated
proportional losses from 2009 to 2020 to average 1.5% of the estimated larval population (Kimmerer
and Gross 2022). This paper concludes that larval LFS population losses to south Delta water diversions
are too low to measurably impact LFS population dynamics, however they do not place these estimated
losses in the context of OMR Management actions meant to minimize the entrainment and taking of
larval and juvenile LFS. The findings of Kimmerer and Gross (2022) could be viewed as support for the
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effectiveness of OMR Management for minimization of larval and juvenile LFS entrainment. While
proportional losses of LFS larvae may be low in some years, LFS salvage is generally highest in years with
low outflow (Sommer et al. 1997; CDFG 2009d; Figure 3). As a result, mortality associated with
entrainment is highest when the population already faces adverse environmental conditions throughout
the upper estuary.

A pilot program was initiated in 2022 to improve our understanding of larval entrainment into CCF. The
Larval Entrainment Study (LES) seeks to develop methods to better understand entrainment factors and
improve the ability to predict, detect and quantify entrainment of DS and LFS less than 20 mm into CCF.
In water year 2022, larval LFS were detected in West Canal just north of the CCF radial gates in January,
February, and March 2022. Detections by LES occurred several weeks before the first detection of a LFS
greater than or equal to 20 mm at the Skinner Fish Facility. In water year 2023, high flows in the San
Joaquin River presumably flushed larval LFS downstream as only four larval LFS were detected by the
LES and none greater than or equal to 20 mm were observed in the salvage facilities. LES sampled
between January 2 and March 29, 2024. Data was still in process during the development of this effects
analysis. The three-year LES pilot study also incorporated several special studies including day-night
sampling, gear efficiency studies, and eDNA testing to better understand patterns in larval detections
(CDFW 2023). The LES pilot study encountered significant logistical challenges sampling in West Canal
and around the south Delta export facilities. Challenges in sampling included sporadic larval LFS
detections and no DS detections as well as heavy debris loading, gear snags, and barriers to navigation.

The pilot LES program was successful at improving detection of LFS larvae in the south Delta when
present within the region. However, the relationship between larval entrainment and predictive
environmental conditions have not been explored. Additionally, a reliable calculation of the magnitude
of larval entrainment base on the detection of larvae in the south Delta is still under development.
Refinement of LES sampling strategy could Improve detection rate of larval Osmerids and increase the
ability to statistically evaluate the relationship between larval presence and entrainment into the SWP
south Delta export facilities.

41.1.6 Patterns in Salvage

Salvage declined during successive years of low outflow and with decreases in overall abundance from
1987 — 1992 (Figure 3). Since then, LFS have continued a protracted decline in abundance as a result of
changes in hydrology, Delta hydrodynamics and the upper estuary pelagic food web; and changes in
contaminant loads and predator interactions (Baxter et al. 2008; Baxter et al. 2010; Mac Nally et al.
2010; Sommer et al. 2007; Thomson et al. 2010). Several researchers have identified increased Delta
outflow (or reduced X2) during the winter and spring as the largest factor positively affecting LFS
abundance (Baxter et al. 2008; Baxter et al. 2010; Jassby et al. 1995; Kimmerer 2002b; Kimmerer and
Gross 2022; Mac Nally et al. 2010; Stevens and Miller 1983,Tamburello et al. 2019). During high outflow
years, larvae benefit from increased transport and dispersal downstream, increased food production,
reduced predation through increased turbidity, and reduced loss to entrainment due to a westward shift
in the boundary of spawning habitat (CDFG 1992; CDFG 2009a; Hieb and Baxter 1993; Mac Nally et al.
2010). Conversely, during low outflow years, negative effects of reduced transport and dispersal,
reduced turbidity, potentially increased loss of larvae to predation, and increased loss at the export
facilities result in lower young of the year recruitment. Analyses have been initiated to separate
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estimated effects of these multiple factors (see Mac Nally et al. 2010; Thomson et al. 2010), although
additional work is needed.
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Figure 3: (A) Sum of annual salvage (Jan-Dec) of Longfin Smelt (all ages) at the State Water Project (SWP) and
Central Valley Project (CVP) facilities and mean Jan-Dec outflow (cfs), 1981 — 2021. Note that annual salvage data
for 2007 is limited to 01/01/2007 -07/31/2007. (B) Fall Midwater Traw! (FMWT) annual Longfin Smelt abundance
indices (all ages combined) for 1980-2021. Longfin Smelt salvage declined over successive dry years as abundance
declined: compare trends in A and B for 1987-2021.
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4.2. Delta Smelt

The Delta Smelt (Hypomesus transpacificus) is a small (less than or equal to 120 mm TL), euryhaline,
member of the “true smelt” family Osmeridae that is endemic to the upper SFE, primarily Suisun Bay
and the Delta (Moyle 2002; Sweetnam 1999). In recent years few adults exceed 90 mm (Bennett 2005;
Sweetnam 1999; Bashevkin et al. 2024). DS exhibit a predominantly one-year life history (Moyle 2002)
though a few adults survive after spawning (Baxter et al. 1999) and may contribute to subsequent
spawning periods (Bennett 2005). In the controlled environment of artificial culture, fish consistently
survive until age-2 and remain viable for spawning (Lindberg et al. 2013). This suggests that while DS
may have the ability to live for multiple years, such life history patterns are not commonly observed in
the wild.

DS abundance suffered a step decline in the early 1980s followed by an unexplained sharp drop in the
early 2000s (Sommer et al. 2007; Thomson et al. 2010) and its abundance has since dropped to record
lows (Hobbs et al. 2017). DS abundance does not exhibit a linear relationship with seasonal outflow (IEP-
MAST 2015; Tamburello et al. 2019), as does LFS abundance (Kimmerer 2002b; Kimmerer and Gross
2022; Sommer et al. 2007; Rosenfield and Baxter 2007). Instead, DS abundance peaks are associated
with intermediate levels of outflow, specifically those that position X2 and the LSZ (0.5-6.0 psu,
Kimmerer 2004) in Suisun Bay where habitat quality reaches a local maxima (Feyrer et al. 2007; Feyrer
et al. 2011; Kimmerer et al. 2013). Such an orientation aligns the preferred salinity range of DS with
shallower, more turbid, and potentially cooler water in Suisun Bay when compared to points upstream.

The DS population has undergone a protracted abundance decline influenced by changes in hydrology,
Delta hydrodynamics, and the upper estuary pelagic food web; changes in contaminant loads and
predator numbers may also be involved (Baxter et al. 2008; Baxter et al. 2010; IEP-MAST 2015; Sommer
et al. 2007). No single factor has been identified as responsible for the decline of DS (Thomson et al.
2010, IEP-MAST 2015). During high outflow years, larvae benefit from increased transport and dispersal
downstream, increased food production, reduced predation through increased turbidity, and reduced
loss to entrainment due to a reduced influence of negative flows on DS spawning habitat (IEP-MAST
2015). Conversely, during low outflow years, negative effects of reduced transport and dispersal,
reduced turbidity, and potentially increased loss of larvae to predation and increased loss at the export
facilities result in lower young of the year recruitment. Analyses to separate effects of these multiple
factors have been started (e.g., Mac Nally et al. 2010; Thomson et al. 2010), but more work is needed.

Life history contingents and habitats: Through much of its life, a large contingent of the DS population
inhabits the LSZ (Dege and Brown 2004; Feyrer et al. 2007; Feyrer et al. 2011; Sommer et al. 2011), the
location of which is indexed by X2 (Kimmerer 2004). During its juvenile and subadult stages in summer
and fall, the distribution of DS in the estuary is related to the magnitude of freshwater outflow and the
location of the LSZ (Sweetnam 1999; Moyle 2002; Dege and Brown 2004). When the LSZ is positioned in
Suisun Bay it overlaps with other important habitat characteristics, principally regions of higher turbidity
and potentially lower water temperatures relative to upstream habitats (Feyrer et al. 2007; Feyrer et al.
2011; IEP-MAST 2015; Wagner et al. 2011).

The LSZ is not the only summer and fall habitat for DS. Otolith chemistry analyses indicate three
predominant life history phenotypes: 1) a freshwater resident contingent (23% of the population; mean
across 7 years examined); 2) a brackish water resident contingent (7% of the population); and 3) a
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migratory contingent (70% of the population) that moves to freshwater to mature and spawn, and
subsequent larvae and young rear in freshwater prior to dispersing/migrating to brackish water in the
LSZ to rear during summer and fall (Bush 2017; Hobbs et al. 2019b). The freshwater contingent uses tidal
freshwater regions in the lower Sacramento River adjacent and directly upstream from Sherman Lake
and the north Delta, including Cache Slough and the Sacramento Deepwater Ship channel; the latter
when summer and fall temperatures allow. Such a migratory schedule, particularly juvenile migration in
late summer or fall, may provide food benefits for migrants, specifically improved foraging in freshwater
in summer and in brackish water in fall and winter (Hammock et al. 2017). If temperatures approach or
exceed about 25 °C in the north Delta, DS have the capacity to move downstream toward cooler water;
if water temperatures do not approach the 25 °C limit, a contingent of DS may remain in the north Delta
through summer and fall (Bush 2017; Hobbs et al. 2019b). DS’s ability to maintain a broad summer and
fall range reduces the risk of a regional disaster decimating the population. DS have lost summer and fall
use of the lower San Joaquin River in part due to reduced turbidity and increased water temperature
(Nobriga et al. 2008).

Although DS inhabit pelagic waters, typically away from shore and structure, there is evidence for their
utilization of tidal habitats. Tidal marsh habitats, such as the Cache Slough Complex, may have been a
refuge to DS during poor habitat conditions during the 2012-2016 drought (Mahardja et al. 2019).
Additionally, a recent investigation found that DS proximity to tidal marshes resulted in greater stomach
fullness (Hammock et al. 2019b). Tidal marsh habitats may provide food benefits in the form of larval
fish and zooplankton, particularly during winter, for DS preparing to spawn and recovering from
spawning (Hammock et al. 2019b). However, it is uncertain to what extent, both in terms of space and
abundance, tidal wetlands may subsidize pelagic food webs within the Delta (Hartman et al. 2022).

Staging and Spawning: During the period from December through February, the migratory contingent
inhabiting the LSZ uses periods of increased turbidity to move upstream into freshwater habitats
(Bennett and Burau 2015; Grimaldo et al. 2009; Sommer et al. 2011) where they stage, continue to
forage, and eventually spawn. If no such period of increased turbidity occurs, this migratory contingent
will disperse into freshwater habitats in Spring, just prior to spawning. During this migratory period DS
can become vulnerable to entrainment in the south Delta and the export facilities, particularly when
OMR flows are strongly negative (i.e., more negative than -5000 cfs, Grimaldo et al. 2009).

Spawning appears to be temperature controlled, beginning at about 12 °C as early as February and
continuing into May or June or until water temperatures surpass 18 °C (Baskerville-Bridges et al. 2005;
Bennett 2005). Spawning likely takes place in both freshwater and slightly brackish water (Hobbs et al.
2019b) but exact spawning locations and substrates are not known. However, investigations using wild
DS and a selection of natural substrates assorted in experimental tanks found that pebbles and sand
were the dominant choices for spawning substrates. DS consistently selected these two substrates in
the highest water velocity treatment available under experimental conditions. In the lab they preferred
spawning in the velocity of 8.8 cm/s compared to 1.4 cm/s in the first experiment and 15.4 cm/s
compared to 8.7 cm/s in the second experiment (Lindberg et al. 2019). Lindberg et al. (2019) also found
a significant difference in egg retention among substrates exposed to a water velocity of 14.6 cm/s for 3
days. DS release small adhesive eggs that form a stalk to hold the egg above the substrate (Wang 2007)
suggesting that egg retention is higher in substrates that are less susceptible to displacement. Of the
955 eggs counted for all substrates, dead wood and sand experienced significantly poorer retention than
other substrates, as 86.4% remained on cobble, 68.9% remained on dead wood, 95.9% on empty tray,
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85.3% on pebble, 59.4% on sand and 88.6% on natural vegetation (Lindberg et al. 2019). This result led
authors to believe that sand might have been selected more in prior experiments, specifically in 15.4
cm/s flows, but some eggs were displaced from trays prior to counting. Within the spawning period
female DS can spawn more than one batch of eggs — potentially up to three batches — depending upon
the duration of the spawning window (Damon et al. 2016; Nagel et al. 2015).

Egg, larval and juvenile development: Adhesive eggs are not believed to be vulnerable to direct
entrainment, although those spawned on sand can be displaced by high water velocities (Lindberg et al.
2019). Those spawned in brackish water may be affected by increases in salinity due to SWP operations
or natural outflow fluctuations. Egg incubation duration is inversely related to water temperature and
lasts about 11 to 13 days at 14 to 16 °C (Mager et al. 2004), and 8 to 10 days at 15 to 17 °C (Baskerville-
Bridges et al. 2004a; Baskerville-Bridges et al. 2005). At hatching, larvae are positively phototactic for
the first 4 to 6 days post-hatch making them vulnerable to transport by tidal and net currents
(Baskerville-Bridges et al. 2005, Bennett 2005). Swim bladder development occurs between 14 and 20
mm (Bennett 2005) and allows larvae to better maintain vertical distribution and move in the water
column using tidal currents to change or maintain their position in the estuary (Bennett et al. 2002).
When larvae and small juveniles enter the water column they are initially dispersed by tidal currents and
net flows, and thus are susceptible to entrainment. Those in or near the central Delta are at risk of
entrainment in the south Delta, and those in the south Delta are at risk of entrainment in the export
facilities.

Temperature: DS larvae and post-larvae (60 to 64 days post-hatch) are the life stages most tolerant of
high water temperatures (Komoroske et al. 2014). This allows time for air bladder and fin development
to aid in downstream dispersal prior to seasonal temperature exceeding their thermal maximum. With
time and development, larvae and juveniles disperse downstream from spawning habitat (Baxter et al.
1999; Dege and Brown 2004) and away from warming temperatures. Juveniles and adults are
successively less tolerant of high temperatures. Additionally, they are present during the warmest
seasons of the year and thus have the least tolerance for additional warming (Komoroske et al. 2014).
Initial temperature tolerance experiments found that small juveniles are sensitive to water
temperatures approaching and above 25 °C (Swanson et al. 2000), so they are believed to move
downstream to cooler conditions in early summer as water temperatures approach 25 °C. Although
subsequent investigations showed increased temperature tolerance, few juvenile DS have been caught
at temperatures exceeding 25 °C (Komoroske et al. 2014).

Salinity: Both larval and early juvenile DS are initially distributed primarily upstream of the location of X2
(Dege and Brown 2004). As a result, the position of X2 influences the risk of entrainment of these life
stages. Even though larvae are primarily distributed above X2, post-larvae (60 to 64 days post-hatch) are
tolerant of salinities up to full sea water (~32 ppt) (Komoroske et al. 2014), perhaps providing this life
stage some leeway to survive, develop, and reposition themselves to lower salinity habitat even if
dispersed by flows. Many juvenile DS disperse into Suisun Bay and the LSZ by summer, while others rear
in freshwater habitats as long as temperatures remain below thermal maxima (Dege and Brown 2004,
Bush 2017, Hobbs et al. 2019b). Few juvenile and adult fish in the LSZ will venture into more saline
water, although DS have occasionally been caught in the wild at 18 ppt (Bennett 2005) and can
physiologically tolerate higher salinities in laboratory settings (Komoroske et al. 2014; Swanson et al.
2000). It appears that DS juveniles and adults can physiologically cope with salinities in the 18 ppt range
without associated changes in body condition or survival, but appear to do so only rarely, probably due
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to other limiting factors such as food (Komoroske et al. 2016). As previously mentioned, there are
potential foraging benefits from rearing in freshwater during summer and then migrating to the LSZ in
fall and remaining for winter (Hammock et al. 2017).

Food sources: Food is an important factor in DS population dynamics (Sommer et al. 2007, Baxter et al.
2010, Mac Nally et al. 2010, IEP-MAST 2015). However, food resource availability has been declining
since the late 1980s (Kimmerer and Orsi 1996; Orsi and Mecum 1996; Winder and Jassby 2011).
Overgrazing by P. amurensis, which was introduced to the Delta in the 1980s, has likely led to fewer
food resources and therefore smaller-sized adult DS (Sweetnam 1999). Both adult size and egg
production are important factors in modeled DS population dynamics (Rose et al. 2013a; Rose et al.
2013b). As DS adult size is positively correlated with egg production, the effects of food limitation on
size can therefore have disproportionate effects on DS population dynamics.

The quality of food available to DS has also declined since the 1980s, contributing further to food
limitation for the species. The location of the LSZ has moved eastward in recent decades relative to
unimpaired and pre-1986 conditions when demands were lower than present day (Fleenor et al. 2010).
Historically, the LSZ provided habitat for important food sources to DS, including the calanoid copepod
E. affinis and the mysid N. mercedis (Moyle et al. 1992, Kimmerer and Orsi 1996, Orsi and Mecum 1996,
Winder and Jassby 2011). However, as described in section 4.1, these species have been largely replaced
within the Delta by recent invaders of the system. Since their introductions, the copepods P. forbesi,
Sinocalanus doerri, Acartiella sinensis, Tortanus dextrilobatus, Limnoithona tetraspina and the mysid
Hyperacanthomysis longirostrus have also become important food sources for DS and now constitute a
majority of the DS diet in summer and fall (Moyle et al. 1992; Slater and Baxter 2014). Shifts in the
timing of peak abundances of key prey species in low salinity habitats, including E. affinis and P. forbesi,
have occurred creating a mismatch with peak use of this habitat by DS, potentially creating another
source of food limitation to DS (Merz et al 2016; Slater and Baxter 2014). Historically, E. affinis was
abundant and available for much of the year, regardless of flow conditions, and its abundance was not
correlated with flow. After the invasion of the overbite clam (and possibly the introduction of other
copepods such as P. forbesi), E. affinis is currently only abundant for one or two months in spring, and its
abundance is now positively correlated with spring outflow (Hennessy and Burris 2017; Kimmerer
2002a). Similarly, the once common N. mercedis has dramatically declined in abundance with the
smaller, nonnative mysid H. longirostrus largely replacing N. mercedis (Avila and Hartman 2020;
Kimmerer 2002b; Kimmerer and Orsi 1996; Orsi and Mecum 1996). Mac Nally et al. (2010) developed
strong evidence that low outflow (represented by X2) significantly reduced calanoid copepod biomass in
spring and mysid biomass in summer, both within the LSZ (see also Hennessy and Burris 2017). The
abundance of P. forbesi in the LSZ during summer and fall is subsidized from upstream and influenced by
freshwater outflow (Durand 2010; Hennessy and Burris 2017; Kimmerer et al. 2018). This food subsidy
into Suisun Bay replaces some of the local zooplankton production lost to feeding by the overbite clam,
P. amurensis (Kimmerer et al. 2018). These authors note that this subsidy decreases as outflow
decreases (reported as X2 advancing upstream; see also Mac Nally et al. 2010), and decreased outflow
also shifts the P. forbesi population further east, where it is at greater risk of entrainment and loss into
south Delta and in-Delta water exports (Kimmerer et al. 2018). To counteract losses in secondary
productivity due to decreased upstream subsidies and potentially increased entrainment, modest flow
actions in the north Delta for spring, summer and fall have been proposed and implemented to improve
habitat and productivity downstream and into Suisun Bay for the benefit of DS (CNRA 2016).
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Experimental Releases to inform Supplementation Strategy: Due to the precipitous decline in the wild
DS population, USFWS, in collaboration with CDFW, CDWR, Reclamation, USGS, and the University of
California (UC), Davis, began experimental releases of cultured DS with the intent of refining methods to
be used in large scale supplementation of the species. DS supplementation would address any possible
Allee effect in the baseline status of wild DS, while also helping to buffer against losses to extreme
conditions such as drought. Currently, the DS population is likely too small for substantial production in
the wild. Experimental releases are planned through water year 2025 with supplementation expected to
begin in water year 2026.

In year one of the experimental release effort, 55,733 marked DS were released on five dates between
December 2021 and March 2022. Releases occurred at three locations: Rio Vista, Montezuma Slough,
and Cache Slough. Year two releases occurred between November 1, 2022 and January 25, 2023, with a
total of 43,705 marked DS released at two locations: Rio Vista and the Sacramento Deep Water Shipping
Channel. In year three, 91,468 marked DS were released between November 15, 2023 and January 30,
2024. In year three all experimental releases occurred in the Sacramento River near Rio Vista.

All released DS were more than 200 days post-hatch fish produced by the UC Davis Fish Conservation
and Culture Laboratory (FCCL). Uniquely marked DS have been released using multiple methods to help
determine the most successful methods for a full-scale supplementation program. In all three years of
the experimental release program, cultured DS have been released via small scale releases of
approximately 6,000 fish either directly into the environment (hard release) or into cages (soft release)
to allow for acclimation in a predator free environment before release. In years two and three of
experimental release, specialized trucks and trailers were used for large scale releases in which cultured
DS were released directly into environment with methods that are appropriately scalable for
supplementation. As the experimental release of DS transitions into a supplementation program, large
scale release methods will be necessary to achieve the production and release targets for
supplementation of the species.

In year one a total of 78 released DS were recaptured by USFWS and CDFW monitoring surveys between
December 2021 and March 2022. In year two 43 released DS were recaptured from December 2022, and
March 2023. In year three 48 released DS were recaptured between December 2023 and March 2024.
CDFW’s 20-mm Survey, which samples for larval and juvenile fish from March through June, observed an
increase in DS detections in 2022 and 2023 when compared to 2020 and 2021. However, due to the use
of formalin as a preservative for larval fish, the genetic parentage of these larvae is currently unknown.

In general recaptures of released DS have been low, less than 0.01% of released DS, across all years and
release groups. Additionally, the annual indices of relative abundance for CDFW’s 20-mm Survey,
Summer Townet Survey (STN), and Fall Midwater Trawl (FMWT) have remained at or near 0 since 2018
indicating that experimental release efforts have not yet resulted in a measurable change in DS
population size (Figure 4). DS Indices are available at: https://wildlife.ca.gov/Conservation/Delta
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Figure 4: Delta Smelt index values for Summer Townet Survey (STN, blue), 20-mm Survey (20-mm, red), and Fall
Midwater Trawl! Survey (FMWT, green) from 1995 to 2023. Years since 2018 represent indices that are incalculable
or zero.

Supplementation of the wild DS population is expected to begin in 2026, and is expected to be releasing
increasingly higher numbers of fish compared to the experimental releases described above.
Consequently, it is anticipated that detection of all life stages of DS are expected to increase in
frequency and spatial extent, and as such, individuals may occur in locations in which DS may not have
been detected for several years.

4.2.1. Conceptual Models of Entrainment

CDFW supports two conceptual models of how DS behavior and distribution at various life stages
influence the risk of entrainment into the south Delta and SWP export facilities. These conceptual
models focus on two time periods, the early winter through spring period when immature and mature
individuals move upstream and into the Delta to stage and spawn; and the late winter through early
summer period when eggs, larvae and young juveniles spawned in or near the Delta hatch, rear and
begin their downstream movement. During these periods, some portion of the population inhabits the
central and south Delta and is at risk of entrainment in SWP south Delta export facilities.

35



4.2.1.1. Entrainment of Maturing and Mature Delta Smelt in Winter and Spring

From December through February, the migratory contingent of maturing adult DS inhabiting the LSZ is
cued by periods of increased flow and turbidity called the “first flush” to make pre-spawning
movements into tidal freshwater habitats where they stage and mature prior to spawning (Bennett
2005, Sommer et al. 2011, Bennett and Burau 2015). During the first flush, when water exports and
tributary inflows are sufficient to draw turbid water into the south Delta, DS have been observed to
follow the turbidity, resulting in increased entrainment (Grimaldo et al. 2009). Moreover, Grimaldo et al.
(2009) observed a significant interaction between the magnitude of negative OMR flows and increasing
X2, resulting in a disproportionate increase in adult DS salvage. In low outflow years when a first flush
does not occur, maturing DS will move to tidal freshwater in late February or March when water
temperatures are approaching or meeting optimal spawning conditions (Bennett 2005). In such a
scenario, maturing DS may be less likely to move into the clear waters of the south Delta for staging and
spawning, reducing their risk of entrainment. Adults may volitionally move into the south Delta to
spawn or may be drawn into the south Delta and subsequently spawn, depositing eggs in areas where
hatched larvae are at risk of entrainment into the SWP.

Individuals remaining in low salinity regions to spawn remain relatively invulnerable to entrainment in
SWP south Delta export facilities. Similarly, adults in the vicinity of the BSPP and RRDS are unlikely to be
affected due to state-of-the-art fish screens which meet the CDFW fish screen criteria (CDFG 2000).

4.2.1.2. Entrainment of Larval and Juvenile Delta Smelt during Spring and Summer

Larval DS typically hatch from March through June (Bennett 2005). Hatching locations are largely
determined by spawning location because eggs are adhesive, though there is some evidence of egg
movement when spawned on sand and velocities achieve greater than or equal to 14-15 cm/s (Lindberg
et al. 2019). Adhesive eggs are typically attached to substrate and become negatively buoyant and are
therefore presumed to be resistant to entrainment in SWP facilities. Once hatched, DS larvae initially
swim to the surface (Baskerville-Bridges et al. 2004a; Baskerville-Bridges et al. 2005; Bennett 2005), so
the net current direction within hatching channels determines whether larvae are initially transported
downstream toward Suisun Bay or upstream toward the south Delta export facilities. Thus, QWEST and
OMR flows interact to determine the fate of larvae hatched in the San Joaquin River channel from Jersey
Point upstream to Prisoners Point and possibly beyond (c.f., CDFG (2009b); Appendix A). Actions to limit
OMR to no more negative than -5,000 cfs appear to limit entrainment from the San Joaquin River
channel (Kimmerer and Nobriga 2008). Larvae hatched or transported into the south Delta, south of
Franks Tract, are assumed entrained into the south Delta (Appendix A). Those drawn into CCF are
assumed to be lost to the system, as fish in this stage are too small to be effectively diverted to salvage
(CDFG 2009d).

Once entrained within the south Delta, export rates and San Joaquin River and east-side tributary flows
determine how rapidly fish are entrained in CCF (CDFG 2009d; Appendix A). Due to their faster growth
rates DS larvae are surface oriented for a shorter period of time than LFS larvae and their transport in
relation to net flows may be slower than that of LFS larvae. Slower transport out of the south Delta
could allow for more time to grow to 20 mm prior to entrainment in the export facilities, and ultimately
for more of their entrainment to be observed in salvage counts (Table 2). Larval growth is slow, requiring
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about 70 days to achieve 20 mm TL (Baskerville-Bridges et al. 2004a; Baskerville-Bridges et al. 2005;
Bennett 2005), the minimum size counted in fish salvage operations. Once within CCF, DS larvae may be
rapidly transported into aqueducts heading south if export rates are high. Alternatively, if exports are
moderate or low, wind-driven surface currents may cause them to remain within the CCF for a
protracted period (IEP-MAST 2015). In both the south Delta and CCF moderate and low export rates can
lead to a disjunction between dates of entrainment as larvae (either south Delta or CCF) and dates of
observation of DS in salvage after larvae to grow to greater than or equal to 20 mm within the south
Delta or CCF. Fish less than 20 mm TL are typically not counted in salvage, but since 2008, the presence
of larval DS (i.e., less than 20 mm) has been sampled for and reported daily (Table 2, Morinaka 2013a).
Nonetheless, most larvae entrained into CCF are lost to the system without documentation of the
magnitude of such loss.

Juvenile DS migrate downstream as water temperatures increase in the late spring and early summer.
Such behavior could lead to increased CCF entrainment if fish are mis-cued by negative currents in the
south Delta and to increased salvage of fish already entrained in CCF looking for a way out. The south
Delta and CCF are considered poor habitats for DS due to risk of loss at the export facilities, increased
predation in clear water, and high summer temperatures which are lethal to DS (Castillo et al. 2012;
Nobriga et al. 2008).

4.2.1.3. Spring and Summer Entrainment of Larval and small Juvenile Delta Smelt in the Barker
Slough Pumping Plant and Suisun Marsh

The BSPP and RRDS in Suisun Marsh are near potential DS spawning habitat and even though screened,
may entrain or impinge newly hatched and small DS larvae. Positive barrier fish screens, similar to the
one present at BSPP, consist of a series of flat, stainless steel, wedge-wire panels with a slot width of
3/32 inch. This type of screen is designed to exclude fish approximately 25 mm or larger from being
entrained. There is some evidence that these screens can exclude larval fishes which are smaller than
indicated by their design criteria (Nobriga et al. 2004). However, it has not been demonstrated that
these screens can effectively exclude fishes less than 25 mm FL when placed at the back of a terminal
slough such as Barker Slough. Thus, operations of the BSPP have the potential to substantially impact DS
spawning success within the operational influence of the facility. During dry and critical water years low
flows reduce downstream flows (DWR 2024a), likely reducing downstream dispersal of larvae and
increasing BSPP impacts to DS larvae as pumping rates increase.

RRDS on the southeastern edge of Suisun Marsh also possesses a positive barrier fish screen. The face of
the fish screens at RRDS is parallel to channel flow, and thus has less potential to entrain or impinge
larvae than the fish screens at BSPP that are perpendicular to channel flow. The MIDS diversion on the
far western side of Suisun Marsh is outside of DS spawning range in all but the wettest water years. Enos
et al. (2007) sampled for all life stages of fish at the MIDS intake from September 2004 through June
2006 and observed no DS.
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4.2.1.4. Entrainment into the South Delta

Entrainment into the south Delta is detrimental to DS because individuals in the south Delta are believed
to suffer increased mortality in clear and warmer waters, though this has not been quantified (see
Grossman 2016). Adult DS are large enough to move west, out of the south Delta, if they chose the
correct direction for emigration. If exports rates are sufficiently low to allow time for growth and
development from the larval to juvenile life stages, young-of-the-year DS would have the ability
emigrate volitionally. South Delta emigration is presumably cued by increasing spring and summer
temperatures approaching 25 °C.

4.2.1.5. Entrainment into the Export Facilities and Salvage

Entrainment into CCF represents a direct effect of SWP operations but cannot be quantified directly.
Instead, total entrainment into CCF is calculated based upon expansions of estimates of the number of
DS observed in salvage at the Skinner Fish Facility (e.g., Kimmerer 2008) and estimates of pre-screen loss
during transit through CCF (Castillo et al. 2012). Brown et al. (1996) and the CDFW Salmon Effects
Analysis (CDFW 2024b) provide a description of fish salvage operations. Fish entrained in CCF may
succumb to predation, be exposed to lethal water temperatures prior to entering the salvage facilities in
the late spring and summer, or they may not be effectively “screened” from diverted water (Brown et al.
1996; Miller 2011). Fish less than 20 mm FL are considered larval and not counted in salvage operations
(Brown et al. 1996, Kimmerer 2008) though they are currently sampled for and noted as present or
absent (Morinaka 2013a). Many of the DS salvaged at the fish facility likely die before release back into
the estuary due to stress, injury, or predation as part of the fish collection, handling, transport and
release operations (Aasen 2013; Afentoulis et al. 2013; Brown et al. 1996; Morinaka 2013b).

By using salvage data to estimate DS loss from entrainment and survey trawls to estimate DS
population, Kimmerer (2008) estimated that entrainment can result in up to 50% mortality on adult DS.
However, the effects of entrainment have been criticized as being overestimated (Miller 2011). Miller
(2011) argued that the trawl data used to estimate DS population did not include data from the
Sacramento Deep Water Ship Channel and Liberty Island, locations where DS are known to be present.
Consequently, the population estimates could be biased towards smaller values, resulting in a
disproportionate effect of entrainment. Moreover, Kimmerer (2008) used a Poisson regression to
estimate numbers of adult DS entrained within south Delta from salvage data. This regression assumed
that the relationship between salvage data and numbers of adult DS entrained with the south Delta is
modulated by flow in Old and Middle Rivers, which may not be a valid assumption (Miller 2011). The
potential weakness of using a Poisson regression is further compounded by the fact that the regression
did not show a significant relationship between salvage data and adult DS abundance surveyed with
south Delta (Kimmerer 2008) further suggesting that the method used to estimate proportion
entrainment might not be appropriate.

In a follow-up paper, Kimmerer (2011) agreed that the estimates of entrainment effects were likely
biased towards higher values but maintained that the overall approach was sound. The DS population
was likely underestimated by not accounting for the local populations in the Sacramento Deep Water
Ship Channel and Liberty Island, but Kimmerer (2011) estimated that the proportion of DS in these
subregions never accounted for more than 8% of the total population. Moreover, the relatively high
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numbers of adult DS found in these north Delta regions occurred after Kimmerer’s (2008) original
analysis, suggesting that DS distribution shifted northwards. This population shift may be an effect of
Old and Middle River management, suggesting that entrainment effects have been mitigated due to
management. Kimmerer (2011) also defended the assumption that the number of DS salvaged was
correlated with Old and Middle Rivers flow; although adult DS are unlikely to act as passive particles,
there was no strong evidence indicating that there were directed movement away from the salvage
facilities (Kimmerer 2011). Furthermore, the lack of a statistically significant relationship between DS
entrained within the south Delta and DS salvaged does not indicate a lack of an ecologically relevant
relationship. A more refined approach to the Poisson regression to account for zero inflated data
suggested that entrainment effects should be reduced by 24% (Kimmerer 2011). Kimmerer (2008) also
estimated similar entrainment effects using a particle tracking model (Kimmerer and Nobriga 2005) and
another study showed similar entrainment effects (Korman et al. 2021) suggesting that the assumptions
used were robust to violation.

Despite uncertainties in the magnitude of entrainment on DS population, the studies presented by
Kimmerer and Miller provide strong evidence that entrainment from SWP operations had an ecologically
meaningful effect on DS. This effect of entrainment is likely reduced with current Old and Middle River
flow management (Smith et al. 2021) but highlights the potential for population effects.
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Table 2: Factors affecting Delta Smelt entrainment and salvage at the State Water Project (SWP) and Central Valley
Project (CVP) export facilities and associated impacts.

Factor
Predation prior to
encountering fish salvage
facilities

Mortality due to high
temperatures in spring

Louver efficiency

Collection screens
efficiency

Identification protocols

Fish survival after fish
collection, handling,

transport and release
back into the Delta

Adults

Quantified, but sample
size low?

Unquantified, probably
small

Limited data indicate an
efficiency of about 27%
for the CVP facility;
about 37% for the SWP
facility?

~100%

Identified from
subsamples, then
expanded in salvage
estimates

85% for SWP and no
information available for
Cvp?

Larvae
Unquantified
Unquantified, probably
small due to limited

exposure and higher
tolerance?

~ 0%

~ 0%

Identified from

subsamples as present

since 2008*

Unquantified

Juveniles

Unquantified, assume
similar to other fishes

Unquantified,
potentially high due to
lower temperature
tolerance?

Likely < 30% at any size;
much less than 30% at
FL less than 30 mm

< 100% until at least 30
mm
Identified from
subsamples, then
expanded in salvage
estimates

58% for SWP and no
information available for
CvP®

1 Castillo et al. (2012) 2 Komoroske et al. (2014) 3 Morinaka et al. (2008) *Morinaka (2013a)
5 Aasen (2013), Afentoulis et al. (2013), Morinaka (2013a)
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5. Take and Impacts of the Taking on Longfin Smelt

Section 4.1 describes the life history and ecology of LFS in the Delta, Suisun Marsh and Suisun Bay.
Following the description of LFS life history and ecology, Section 5 describes the overlap between
Project operations and LFS life histories, explaining the ways in which Project operations result in take
and impacts of the taking of LFS. Here and in other sections of this document, we refer to hydrodynamic
modeling that was conducted for the ITP application (DWR 2023) and provided by DWR that included
Calsim, Delta Simulation Model 2 (DSM2), DSM2 Particle Tracking Model (PTM), and Dayflow. These
data and model outputs were used to describe larval, juvenile, and adult LFS entrainment in relation to
CVP and SWP operations as well as the BSPP.

Additionally, water exports from the south Delta SWP and CVP facilities create hydrodynamic conditions
that result in fish entrainment into the south Delta and subsequently the export facilities (Brown et. Al
1996, Kimmerer 2008, Grimaldo 2009). Using adult DS as an example, an analysis of salvage identified
hydrodynamics (total exports, OMR flow), water quality (turbidity), and population abundance as the
most important factors influencing salvage (Grimaldo et al. 2017). More specifically, SWP exports, Yolo
Bypass flows, and DS abundance best explained adult DS salvage at the SWP across the entrainment
season, whereas species abundance, OMR flows, and turbidity best explained adult DS salvage through
the entire entrainment season at the CVP (Grimaldo et al. 2017). Because salvage at both the SWP and
CVP fish facilities were found to be determined either directly by SWP exports or by local hydrodynamic
conditions strongly influenced by SWP exports (OMR flow), entrainment risk of LFS attributable to the
SWP is best assessed by evaluating patterns of LFS salvage at both the SWP and CVP facilities as
combined salvage. Currently, combined salvage from both the SWP and CVP fish facilities provides the
only means to effectively extrapolate the effects of the south Delta SWP export operations on
entrainment of fishes into the central and south Delta (Smith 2019). Therefore, we use salvage at both
the SWP and CVP fish facilities for our analyses of entrainment risk resulting from SWP operations.

5.1. Larval Longfin Smelt

Larval LFS begin hatching as early as December and are present in the Delta through May (Baxter et al.
1999; CDFG 2009a; USFWS 2022). The distribution of larvae is to some degree determined by the
location of X2 immediately prior to adult spawning (Figure 2; see 5.3 Adult LFS; CDFG 2009d; USFWS
2022), which affects adult distribution and spawning locations. Larvae hatch from sites farther into the
Delta in low outflow years than in high outflow years (CDFG 2009d and USFWS 2022). Similar to the
salvage of juveniles slightly later in the spring and summer, entrainment of larvae is likely higher in low
outflow years than in high outflow years (CDFG 2009d; Appendix A). Hatching locations and local
hydrology (i.e., net currents driven by inflow and exports, Figure 5) and tidal dispersion facilitate larval
LFS movement for many weeks post-hatch. Newly hatched larvae are surface oriented but otherwise
appear to be relatively poor swimmers (Bennett et al. 2002; CDFG 2009a; CDFG 2009d, USFWS 2022).
Larval LFS are initially incapable of effectively using vertical migration timed with tides to hold their
location or direct their movements; this persists until they reach about 10-12 mm (FL) and develop an
air bladder (Bennett et al. 2002). For these reasons, larvae that hatch within the hydrodynamic influence
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of the SWP and CVP export facilities are considered to be at risk of entrainment, first into the south
Delta and subsequently into CCF and the Banks Pumping Plant. Since the SWP began operating in 1968,
south Delta exports during the winter and early spring (December — March) are almost always high
enough to cause negative net flows in OMR, drawing water into and through the interior Delta towards
CCF and Banks Pumping Plant (Figure 6). Pelagic LFS larvae are drawn toward the pumps along with the
water until they grow and develop sufficiently to competently vertically migrate. This period begins
when the air bladder develops which starts at 10-12 mm FL and continues through full fin development
which completes about 20 mm FL (Simonsen 1977; Wang 2007). However, larvae and small juveniles
need to begin emigration to downstream rearing areas from the central and south Delta and avoid being
miscued by reverse flows going in the opposite direction. Young of the year LFS needs to escape the
central and south Delta before water temperatures reach 20-22 °C, otherwise they will begin to
experience sub lethal effects (Jeffries et al. 2016) and eventually succumb to lethal temperatures by the
summer.
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Figure 5: Mean monthly winter (Dec-Mar) Delta inflow (top), winter total State Water Project and Central Valley
Project exports (middle) and winter X2 location in km (bottom). Delta outflow and total exports data are available
beginning in 1961 and X2 data available beginning in 1980. Horizontal line at Chipps Island, 75 km, (bottom) for
reference. Loess smoother line shown but not used in an analysis. Gray shading represents 95% confidence intervals
for the loess smoother
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Figure 6: Mean monthly winter (Dec-Mar) Old and Middle River (OMR) flows from 1987 through 2022. Dashed line
at -5000 cfs for reference. Loess smoother line shown but not used in an analysis.

5.1.1. Banks Pumping Plant and Clifton Court Forebay

Take of LFS larvae in the form of loss to the system, entrainment into CCF, or mortality will occur as a
result of operation of SWP south Delta export facilities. Authorized take of LFS is expected to occur at
CCF, Skinner Fish Facility, and the Banks Pumping Plant which is located about 12.9 km northwest of the
city of Tracy. Operations of CCF and Banks Pumping Plant will result in take of all life stages of LFS
beyond the egg stage, with the highest level of take expected for larvae and early-stage juveniles
(greater than or equal to 20 mm) (USFWS 2022). During regular maintenance activities Banks pumping
plant ceases operations and the CCF radial gates remain closed preventing additional fish from entering
CCF. Hatching (5-6 mm larvae) typically begins in December and can last through April, with most larvae
transitioning to the more mobile early post-larval stage (greater than or equal to 12 mm) within about
30 days and to the early juvenile stage (greater than or equal to 20 mm) in a little less than 3 months
(Table 3, Figure 7). Historically, fish less than 20 mm in length were not identified or counted at either
fish salvage facility, but in 2008, larval smelts were identified and reported as present when
encountered (Morinaka 2013a). Even though the fish facilities were not designed to salvage larvae,
smelt larvae have been regularly detected since the inception of protocols aimed at larval detections
(Table 4). Presence of larval LFS at the fish facilities is not unexpected given the frequency of capture of
newly hatched LFS larvae within the zone of influence (Table 5). These data suggest that LFS regularly
select spawning locations within the influence of the SWP south Delta export facilities.
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Table 3: Longfin Smelt length frequency by survey number based on Smelt Larva Survey catches, 2009-2019. Two
surveys are conducted each month, starting in mid-December (Surveys 12) and ending in late March (Survey 6).
Absence of fish in the given fork length per survey is highlighted in gray.

I:::t(h Survey Survey Survey Survey Survey Survey Survey Survey Grand
12 13 1 2 3 4 5 6 total

(mm)
4 0 0 1 0 2 3 2 0 8
5 0 7 147 281 372 306 148 35 1296
6 2 14 1262 2583 2921 2013 1558 480 10833
7 10 51 1662 4002 3938 4262 2725 1782 18432
8 10 30 665 1954 2346 3756 1808 1623 12192
9 0 6 75 287 729 1909 958 830 4794
10 0 1 1 70 190 796 506 436 2000
11 0 0 1 22 53 395 214 297 982
12 0 0 0 17 24 237 160 190 628
13 0 0 0 10 25 155 134 82 406
14 0 0 0 7 12 67 104 65 255
15 0 0 0 0 10 22 120 47 199
16 0 0 0 1 6 11 98 32 148
17 0 0 0 0 2 10 60 28 100
18 0 0 0 0 0 4 23 17 44
19 0 0 0 0 1 5 8 19 33
20 0 0 0 0 0 3 3 26 32
21 0 0 0 0 0 1 4 8 13
22 0 0 0 0 0 1 2 5 8
23 0 0 0 0 0 0 0 2 2
24 0 0 0 0 0 0 0 2 2
26 0 0 0 0 0 0 1 0 1
30 0 0 0 0 0 0 0 1 1
65 0 0 0 0 0 1 0 0 1
77 0 0 1 0 0 0 0 0 1

Grand

total 22 109 3815 9234 10631 13957 8636 6007 52411
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Table 4: Number of days with larval Delta Smelt (DS) and Longfin Smelt (LFS) detections at the State Water Project (SWP) and Central Valley Project (CVP) fish
salvage facilities in water year 2008-2022. Annual initiation of larval sampling at the facilities varied in time, often triggered by presence of one or more spent
DS females in the Spring Kodiak Trawl Survey or presence of DS larvae in Smelt Larva Survey or 20-mm Surveys; Because LFS spawn earlier in the season than
DS, detections underrepresent the presence of LFS larvae at the fish salvage facilities.

Qualitative Qualitative Qualitative Qualitative

Water D3vs  Days wIi)t;yIs)S wli)tzyls)s w:i:yl.sFS w:i:yl.sFS larval larval larval larval Days ~ Days
year c.hecked c.hecked larvaein larvaein larvaein larvae in sampling sampling sampling sampling missed missed
in SWP in CVP SWP VP SWP VP start date start date end dateat enddateat atSWP at CVP
at SwWp atCvpP SWP cvpP
2008 120 117 0 10 2 17 2/19 2/19 6/18 6/15 0 0
2009 119 119 12 19 3 10 3/3 2/25 6/30 6/24 0 0
2010 119 88 9 1 0 1 2/20 2/24 6/30 5/23 11 0
2011 91 85 3 0 3/17 3/17 6/23 6/17 7 7
2012 133 135 27 42 29 31 2/16 2/16 6/30 6/30 2 0
2013 101 88 14 8 13 17 3/6 3/11 6/18 6/20 3 13
2014 121 79 10 5 13 2 2/24 3/13 6/30 6/7 5 7
2015 108 97 1 0 8 5 3/2 2/24 6/24 6/11 6 10
2016 93 98 0 0 0 1 3/1 3/1 6/8 6/7 6 0
2017 89 125 0 0 0 0 2/27 2/20 6/26 6/25 30 0
2018 85 88 0 0 2 0 3/29 3/29 6/26 6/25 4 0
2019 98 104 0 0 0 0 3/18 3/18 6/30 6/30 6 0
2020 82 93 0 1 4 18 3/23 3/16 6/19 6/17 6 0
2021 87 106 0 0 2 13 2/22 2/15 5/31 6/1 11 0
2022 109 120 0 0 9 31 2/7 2/7 6/7 6/7 11 0
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Table 5: Annual catch frequency of newly-hatched, yolk-sac larval Longfin Smelt (LFS) at Smelt Larva Survey stations within the zone of influence of south Delta
export facilities. Documenting the presence of a yolk-sac for larvae within SLS samples began in 2011. Such larvae were likely captured in the vicinity of their
hatch location, though the presence of a yolk-sac can last for 10 days for LFS larvae. Stations with no catch of LFS in each water year are highlighted in gray.

Sampling regions Station | 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 c:::::j
Sacramento River 704 78 133 119 108 22 10 0 32 2 52 27 54 18 655
Sacramento River 705 33 58 55 99 12 1 0 6 5 6 9 14 7 305
Sacramento River 706 55 162 145 110 18 15 2 24 12 4 30 37 12 626
Sacramento River 707 88 188 116 112 26 17 0 19 1 8 28 59 15 677
Near Barker Slough 716 67 108 95 107 5 4 1 2 1 2 3 7 5 407
Near Barker Slough 723 92 118 124 96 3 8 0 5 2 1 4 7 6 466
San Joaquin River 809 50 59 102 131 1 17 0 6 3 3 25 51 7 455
San Joaquin River 812 12 46 12 68 6 7 1 2 1 0 9 50 4 218
San Joaquin River 815 7 12 6 10 0 3 0 0 0 0 2 2 3 45
San Joaquin River 906 1 5 7 0 0 0 0 0 0 0 0 3 0 16
San Joaquin River 910 1 1 0 0 0 0 0 0 0 0 0 0 0 2
San Joaquin River 912 1 0 0 0 0 0 0 0 0 0 0 0 0 1
Mokelumne River 919 1 2 13 0 0 0 0 0 0 0 0 0 16
South Delta 901 27 59 62 24 1 5 0 2 0 1 2 1 5 189
South Delta 902 3 19 3 1 0 0 0 0 1 0 1 2 3 33
South Delta 914 0 3 0 0 0 0 0 0 0 0 0 0 0 3
South Delta 915 1 7 5 2 1 2 0 0 0 0 0 0 1 19
South Delta 918 0 4 2 1 0 0 0 1 0 0 0 0 0 8
All regions (::::;d 517 984 866 869 95 89 4 99 28 77 140 287 86 4141
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Figure 7: Total catch per unit effort (CPUE) per month of Longfin Smelt from the 20-mm Survey from 1995 to 2022.

In the absence of quantitative sampling for larvae at the south Delta fish salvage facilities CDFW uses
PTM to investigate risk of entrainment under varying hydrological conditions. Neutrally buoyant and
surface oriented passive particles are used to represent larval fish in PTM modeling which can track the
movement patterns in response to hydrology over varying time periods. Particles are then injected into
various locations across the Delta within the simulation to represent larval hatching, and the simulation
is run for a fixed number of days to represent the period the larvae is susceptible to hydrology prior to
fin development. After the simulation is complete, the number of particles which end up at the SWP and
CVP facilities or make it past Chipps Island are quantified as a proportion of particles injected. The
proportion of particles at the SWP and CVP facilities represents modeled entrainment, whereas the
proportion of particles which make it past Chipps Island represent successful advection downstream.

Modeling efforts simulating larval entrainment because of SWP and CVP exports showed that
increasingly negative OMR flows will entrain increasing numbers of both neutrally buoyant and surface-
oriented particles from the lower San Joaquin River, and that particle entrainment can be as much as
50% of particles injected, a relatively high amount compared to 3.5% — 5.5% entrained particles from
injection locations within the Sacramento River (CDFG 2009d; Appendix A). This is consistent with the
findings of Grimaldo et al. (2009), who demonstrated that salvage of slightly older and larger LFS
juveniles (greater than 20 mm) was negatively correlated with OMR flow (i.e., salvage increased with
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more negative OMR flow). PTM runs demonstrate that during periods of modest outflow and high
exports, entrainment of particles injected into the upstream stations on the San Joaquin River peaked
and commonly reached more than 50% (Appendix A; CDFG 2009d). Even with judicially imposed export
restrictions in 2008, PTM runs continued to show modest (more than 20% of particles) to high (more
than 50% of particles) levels of particles from the lower San Joaquin River entrained by the south Delta
export facilities (Figure 15 in CDFG 2009d). From these PTM outputs, we assume that risk of
entrainment for larval LFS will decline with increasing outflow, particularly from the San Joaquin River
(Appendix A). Moreover, risk of entrainment appears to increase substantially when OMR is more
negative than -5,000 cfs (Figure 8).
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Figure 8: Percentage of injected particles entrained by the State Water Project (SWP) and Central Valley Project
(CVP) combined (a proxy for entrainment), plotted against mean Old and Middle River flows (cfs) for the first seven
days post-injection. Injection points are labeled by fish survey station in proximity to the injection node in DSM?2
map (see Life History and Conceptional Models of Entrainment section and station map available at:
https://wildlife.ca.qov/Conservation/Delta ).

During wet periods, the San Joaquin River and eastern Delta tributaries (Mokelumne, Cosumnes, and
Calaveras rivers) may provide sufficient flow to maintain a net positive flow in the lower San Joaquin
River (i.e., positive QWEST) despite high exports at the SWP and CVP facilities. Such flows would tend to
transport pelagic organisms in the main San Joaquin River channel through the confluence and toward
Suisun Bay. Under these conditions, approximately 10% — 50% of those larvae entering or hatching
within the northern portion of the south Delta may not be entrained into the SWP export facilities
(Appendix A). PTM results indicate that, during periods of strongly positive QWEST, particles injected at
stations 906 and 815 in the mainstem San Joaquin River were drawn into the south Delta via Old River
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(mostly) or Middle River, then fluxed out again via False River (CDFG 2009d). Particles injected in
northern Old River and Franks Tract are similarly advected out of the south Delta and downstream
(Appendix A). However, even under such high outflow conditions, any larvae in the immediate vicinity of
CCF will likely remain at great risk of entrainment (Appendix A). High flows entering the Delta from the
south and east can meet export needs. This results in less negative (or even positive), OMR flows while
the area in the central Delta influenced by exports is substantially reduced.

Newly hatched LFS present in the south Delta (Table 5) are at high risk of entrainment and those in the
San Joaquin River are at moderate risk at all but the lowest export levels (Appendix A; Kimmerer and
Nobriga 2008). Larvae entrained into CCF are assumed lost to the population because they cannot
volitionally leave CCF once inside and are very inefficiently diverted from export flow and salvaged
(Brown et al. 1996). Finally, fish less than 20 mm that happen to get salvaged do not likely survive the
process of collection, handling, transport, and release (Aasen 2013; Afentoulis et al. 2013; Morinaka
2013b).

In addition to direct forms of take identified above, operations of the SWP also result in indirect impacts
to LFS larvae through several mechanisms. First, larvae entrained into the south Delta or CCF are
vulnerable to increased predation within CCF and the south Delta like larger smelts and other fishes
(Castillo et al. 2012; Grossman 2016). Second, reduced residence times and direct entrainment of food
web resources (Arthur et al. 1996; Hammock et al. 2019b; Kimmerer et al. 2019) are believed to reduce
feeding opportunities within the south Delta. Third, similar to DS, south Delta habitat suitability has
declined for LFS due to increasing water transparency resulting from the combined effects of sediment
washout during the extreme outflow of the 1982-1983 El Nifio (Jassby 2005), reduced sediment inputs
(Wright and Schoellhamer 2004), and expansion of submerged aquatic macrophyte beds that may act as
filters to settle sediment from the water and reduce or prevent resuspension (Brown and Michniuk
2007; Nobriga et al. 2008; Nobriga et al. 2005). Lastly, water temperatures in the south Delta increase
more rapidly in the summer than other regions of the Delta and are often above the critical thermal
maxima for LFS (see section 4.1.1.2). At least some of these factors (turbidity, water temperature, and
perhaps predation) vary through the year such that habitat suitability is worst in summer and fall (Feyrer
et al. 2007; Feyrer et al. 2011; Nobriga et al. 2008).

5.1.2. Barker Slough Pumping Plant

The BSPP is within the range of LFS spawning and early rearing habitat (Table 5) and PTM runs have
shown the potential for entrainment as winter wanes into spring and BSPP exports increase (CDFG
2009d; Appendix A). Incidental take of larval LFS in the form of entrainment or impingement resulting in
mortality may occur as a result of operations of the BSPP. Although the BSPP possesses a fish screen, it
is not designed to be protective of fish less than 25 mm (CDFG 2009d). The facility is located at the
upper end of a terminal slough where weakly swimming larvae are drawn toward the screens to be
entrained or impinged unless they grow to sufficient size to avoid entrainment flows. The configuration
of the channel and screens does not allow net or tidal currents to sweep larvae past the screens.

The area where take of larval LFS is expected to occur is approximately 16 km from the mainstem
Sacramento River at the upper end of Barker Slough. The maximum pipeline capacity at BSPP is 175 cfs,
though DWR’s normal pumping rate at BSPP is between 0 cfs and 130 cfs. This diversion is operated
year-round, except for a brief maintenance period which typically occurs in March. Recent exports
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tended to be relatively low during winter and spring, when LFS larvae densities are highest in the Delta,
and exports increase through the late spring into summer (Figure 9). An analysis of PTM runs showed
that entrainment of surface-oriented particles injected in Cache Slough near Lindsey Slough were
nonlinearly related to average BSPP export rates (Appendix A; Figure A-64). The proportional particle
entrainment ranged from 0.2% to 12.5% with entrainment risk decreasing from January to March as
exports reach their low in early spring (Figure 9, Appendix A; Figure A-62). As exports begin to increase
as spring turns to summer, LFS hatching is waning and larvae that are present are generally larger and
capable of volitional movement away from the fish screens (Figure 7).

1507 1507

Average BSPP diversions (cfs)

501

. . I TS

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec 1 2000 2010 2020
Month “Year

1=}
2=}
=

Figure 9: Boxplots summarizing (A) monthly water diversions and (B) annual water diversions at Barker Slough
Pumping Plant (BSPP) into the North Bay Aqueduct. The boxplots show monthly median values (1988-2023) and
quartile ranges, and the whiskers and dots show more extreme values (DWR 2024a).

As noted in Section 4.1.1.3, larval LFS are at greater risk of entrainment in critical and dry water years. In
years with low outflow, and associated higher X2, adult LFS utilize more upstream regions of the Delta
including Cache Slough for spawning (see Section 4.1; USFWS 2022). As a result, larval LFS tend to be
distributed further upstream in years with low outflow (Dege & Brown 2004; USFWS 2022). In critical
and dry water years LFS larvae do not benefit from strong flows from the Sacramento River that aid in
downstream dispersal, increasing their risk of entrainment at BSPP. Further, BSPP export rates tend to
be highest in dry and critical years (DWR 2024a), compounding the effects of further upstream
distributions and lower Sacramento River flows.

Incidental take may also occur as a result of maintenance of BSPP facilities and adjoining water ways.
BSPP maintenance activities include fish screen cleaning, sediment removal, and aquatic vegetation
removal (see Appendix A, Attachment 4 of the 2024 SWP ITP). During fish screen cleaning, half of the
pumps corresponding to the fish screens to be cleaned are shut down and the fish screens are removed
from the water for power washing. While the fish screens are removed, fish can move freely into and
out of the intake bays. This process occurs monthly, as needed. During sediment removal, sediment
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accumulated on the bottom of BSPP forebay, on the concrete apron at the base of the fish screens, and
in the pump wells is removed and disposed of offsite. Accumulated sediment is removed from the trap
and concrete apron by suction dredge during the annual North Bay Aqueduct shutdown in March or
from June 1 through October 15. Removal may take up to two weeks to complete and a biological
monitor will record fish observed in the removed sediment. Removal of sediment from within the pump
wells can occur as needed, year-round. Any eggs deposited on or in the immediate vicinity of the
concrete apron at the fish screen will be taken during suction dredging if conducted during the
December through early April egg incubation period. Moreover, larvae that hatch from eggs deposited
in the immediate vicinity of the concrete apron are likely to be entrained or impinged during normal
operations due to their planktonic nature, weak swimming ability and proximity. Any larvae hatching
within the immediate vicinity of the fish screen, or within the embayment immediately in front of the
fish screen, are assumed to be lost to the population due to entrainment or lethal impingement as a
result of BSPP operations. As a result, clearing the fish screen of debris or vegetation would not result in
additional take.

During aquatic vegetation removal, pumps corresponding to the fish screens to be cleaned are shut
down and aquatic vegetation impinged on the fish screens is removed using a weed rake. This process
occurs year-round; however, removal is primarily needed during summer and fall months when aquatic
vegetation production is highest. Within the BSPP forebay, a boat-mounted aquatic vegetation harvester
is used on an as-needed basis to remove aquatic vegetation. Accumulated aquatic vegetation, from both
the fish screens and forebay, is transported to a spoil site and retained for biological sampling if
biological monitoring is required. As indicated above, any larvae hatching within the immediate vicinity
of the fish screen, or within the embayment immediately in front of the fish screen, are assumed to be
lost to the population. As a result, any additional disturbance caused by the removal of aquatic
vegetation from the BSPP forebay would not result in additional take. Take and impacts of the taking as
a result of aquatic vegetation removal outside of the BSPP forebay is unknown at this time and will
depend upon when the work occurs and the size and scope of the removal effort. Work in the
approximate time frame of July 1 through October 31 should not have a direct impact on LFS because
the species does not occupy the region during this period, however any removal efforts outside this
window will require additional monitoring to better understand the take, and impacts of that take
associated with this activity, especially if LFS were recently detected in the area.

Indirect impacts related to the operations of Barker Slough include non-lethal impingement/screen
contact, increased vulnerability to predation, and entrainment of food web resources.

5.1.3. Suisun Marsh Facilities

Physical facilities in the Suisun Marsh and Bay include the SMSCG, the RRDS, the MIDS and the GYSO.
Additional facility details are provided in the 2024 SWP ITP Project Description and in Section 2.1.1.5 of
the FEIR (DWR 2024b).

Suisun Marsh Salinity Control Gates

The SMSCG is located about 3.2 km from the eastern confluence of Montezuma Slough with the
Sacramento River near Collinsville. SMSCG began operation in October 1988 as Phase Il of the Plan of
Protection for the Suisun Marsh. The gates span the width of Montezuma Slough and the 3-gate array
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allows tidal control of the water entering Suisun Marsh from the east, while an attached boat lock
operated independently allows for watercraft passage. Gate operation reduces salinity in the marsh by
taking in Sacramento River water during ebb tides and then closing and restricting flow of brackish
water from Grizzly Bay into Montezuma Slough. Gate operation reduces salinity just west of the gates to
approximately O ppt and acts to create a net movement of water from east to west through Montezuma
Slough and parts of Suisun Marsh. Nonetheless, salinity gradually increases farther west within
Montezuma Slough. The United States Army Corps of Engineers permit for operating the SMSCG
requires that it be operated between October and May only when needed to meet Suisun Marsh salinity
standards. This operational period overlaps the spawning migration and early life stage rearing of LFS.
SMSCG operations have recently occurred in the summer and fall to benefit DS by freshening Suisun
Marsh and Honker and Grizzly bays. The boat lock portion of the facility is now held partially open
during SMSCG operation to allow for continuous salmon passage. Proposed operations include
compliance with D-1641 and to improve habitat conditions to benefit DS.

The SMSCG has the potential to cause short-term increases in residence time in the winter and early
spring during operation. Potential SMSCG-related increases in larval residence time in Montezuma
Slough could be beneficial or detrimental depending upon circumstances. Increased residence time for
water and larvae could allow for coincidental food production and fish development. Increased food
availability could lead to improved foraging and faster development, which in turn could be associated
with more rapid improvement in salinity tolerance and swimming ability. Conversely, increased
residence time could position some larvae near the RRDS intakes just west of the control gates and
increase entrainment into the RRDS.

Roaring River Distribution System

The RRDS begins at Montezuma Slough just west of the SMSCG and runs westward through Grizzly
Island to Grizzly Bay. Water is diverted from Montezuma Slough on high tides into the RRDS through a
bank of eight 1.5 m diameter culverts (equipped with fish screens that empty into a 40-acre intake pond
raising its water surface elevation above that of adjacent managed wetlands. The pond helps control
water levels in the slough running through Grizzly Island to near Grizzly Bay used to deliver water to
managed wetlands north and south of the system. The DS Resiliency Strategy (CNRA 2016) proposes to
connect the RRDS to Grizzly Bay using a flap gate so that potentially food-rich water drained from the
duck ponds could be discharged into Grizzly Bay.

The RRDS intakes are screened and physically exclude fish greater than 25 mm in length. These screens
are not effective at minimizing entrainment of recently hatched larval fish. RRDS can result in take of
individuals if larvae pass through the screen and are diverted onto managed wetlands where bird
predation or water temperatures would likely be lethal. Risk of entrainment of larval LFS at RRDS
remains unquantified.

Morrow Island Distribution System

The MIDS consists of three 1.2 m diameter culverts without fish screens that divert water from
Goodyear Slough through a distribution channel bisecting Morrow Island and discharge into Suisun
Slough and Grizzly Bay. It supplies water to managed wetlands to the north and south, and conveys
drainage water from the same properties back to the estuary. MIDS is used year-round, but most
intensively from September through June. Thus, operations could entrain larval LFS.
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5.2.

Larval entrainment into MIDS is likely if adult LFS spawn nearby, or if larval LFS are transported into an
area vulnerable to entrainment into MIDS. Culberson et al. (2004) used a PTM to show that proximity to
the MIDS diversion was the primary factor influencing entrainment risk: Enos et al. (2007) documented
LFS larvae, juveniles and adults entrained within MIDS between 2004-2006. LFS larvae were historically
most abundant in Cordelia Slough and Goodyear Slough (Meng and Matern 2001; O'Rear and Moyle
2010, O’Rear et al. 2022), and thus vulnerable to entrainment into MIDS.

Goodyear Slough Outfall

The GYSO was constructed in 1979-1980 and connects the upper (south) end of Goodyear Slough to
Suisun Bay to improve circulation in the previously dead-end slough. GYSO consists of a channel 21 m
wide by 853 m long dredged from the south end of Goodyear Slough to Suisun Bay. The outfall consists
of four 1.2 m diameter culverts with flap gates on the bay side and vertical slide gates on the slough
side. When the slide gates are open, only trash racks obstruct entry into and out of the system. Fish are
believed to be able to enter and leave the system at will.

High rates of diversion from and drainage back into Goodyear Slough have periodically created
extremely low dissolved oxygen concentrations and fish kills even with the GYSO system in place (O'Rear
and Moyle 2010). Similar to what was described for DS in USFWS (2019), the intakes and outfall of GYSO
are unscreened and may entrain larval LFS. Larval fish that enter the system would be able to potentially
leave via the intake or the outfall, as GYSO is an open system, because mortality is not expected to occur
during the entrainment process.

5.1.4. Agricultural Barriers

The TBP does not alter total Delta outflow, or the position of X2 (USFWS 2008). However, the TBP causes
changes in the hydraulics of the Delta, which may affect smelt, both DS and LFS, in the area. Simulations
have shown that placement of the barriers changes south Delta hydrodynamics, increasing central Delta
flows toward the export facilities (USBR 2008). In years with substantial numbers of adult LFS moving
into the central Delta, increases in negative OMR flow caused by installation of the TBP can increase
entrainment. The increased directional flow towards the Banks Pumping Plant and C.W Bill Jones
Pumping Plant (Jones Pumping Plant) increases the vulnerability of fish to entrainment and may result in
direct take of the species.

Juvenile Longfin Smelt

LFS are classified as juveniles at greater than or equal to 20 mm FL (Baxter et al. 1999; Wang 2007). This
length typically coincides with complete fin ray development (Simonsen 1977). Air bladder
development, which occurs between 10-15 mm, allows larval LFS to more competently use vertical
swimming strategies to maintain or change locations in the estuary (Bennett et al. 2002); fin
development further improves this competence and may signal readiness for directed migration. This
life stage typically occurs within the Delta as early as February (Table 3), but more commonly from
March or April through June or later (Figure 7). Most LFS larvae have transitioned to the juvenile life
stage by May and virtually all by June (Baxter et al. 1999, Figure 7).
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The SWP and CVP established a 20 mm minimum length for identification and counting fish in salvage
(Brown et al. 1996). When juveniles are present in the central and south Delta, they are typically
observed in salvage beginning in March and through June (Figure 10). As Delta water temperatures
approach and exceed 20°C, juvenile LFS become stressed (Jeffries et al. 2016) and are believed to move
downstream into cooler and more saline habitats where they will continue grow and rear (Baxter et al.
1999; Rosenfield and Baxter 2007; USFWS 2022). The analyses in Section 5.2 below will focus on juvenile

LFS from the transition into the juvenile life stage (greater than or equal to 20 mm FL) until their
emigration downstream in June.
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Figure 10: Fork lengths (mm) of salvaged Longfin Smelt from 1993-2023* at both the State Water Project and
Central Valley Project salvage facilities. Fish caught during the spawning period, December through February of
each year, are predominantly larger than 60 mm fork length (dashed line).

5.2.1. Banks Pumping Plant and Clifton Court Forebay

Salvage of juvenile LFS tends to be higher in low outflow years than in high outflow years (Figure 11).
During low outflow periods, LFS tend to venture farther into the Delta to spawn, placing larvae and
subsequent juveniles at greater risk of entrainment. Low outflow also limits the influence of net flows on
the distribution of larvae and juveniles as transport flows are low (Dege and Brown 2004). Thus, under
low outflow conditions a large fraction of LFS juveniles remain within the central and south Delta during
spring and are vulnerable to entrainment. The combined salvage of juvenile LFS at the CVP and SWP

1 Fork length measurements were not collected for every LFS observed in salvage prior to 2009 (CDFW 2024a).
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from 1993 — 2007 (Figure 12) was significantly and negatively related to mean OMR flows during the
April through June period (Grimaldo et al.2009).
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Figure 11: Total spring (Apr-Jun) salvage of Longfin Smelt at the State Water Project and Central Valley Project
from 1981 through 2022 and mean Delta outflow in cubic meters per second (cfs) for the same period (adapted
from CDFG 2009a Figure 19).
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Figure 12: Total spring salvage of juvenile Longfin Smelt at the State Water Project and Central Valley Project from
1993 through 2022 for the months of March - June.

South Delta exports in April and May have historically been high (greater than 6,000 cfs; Figure 13) when
D-1641 inflow standards did not control operations. The 2009 NMFS Biological Opinion established more
restrictive export limits based on San Joaquin River inflow for the months of April and May that varied
by water year type. Combined exports were allowed to match San Joaquin River inflow in critical year
[1:1 Export to Inflow] and increase up to a maximum of four times San Joaquin River flow in a wet year
[4:1 Export to Inflow; (NMFS 2009)]. These more restrictive inflow to export standards for the April-May
time period (Figure 13) provided additional protection for juvenile LFS remaining in the central and
south Delta in the spring and early summer in the form of less negative OMR flows (Figure 14). These
export restrictions had additional benefits to spring flows, and because of this, these export
curtailments were carried forward in Condition of Approval 8.17 of DWR’s 2020 SWP ITP (CDFW 2020a),
with an additional Delta outflow off ramp at 44,500 cfs. The 2024 ITP requires DWR to continue to
operate to benefit spring Delta outflow. In years when the Healthy Rivers and Landscapes Program (HRL;
previously Voluntary Agreements) is not being implemented DWR is required to comply with ITP
Condition of Approval 8.12.1 and continue to operate to the criteria established originally in Condition
of Approval 8.17 of the 2020 ITP (CDFW 2020a). In years when the HRL is being implemented DWR is
required to provide 50 TAF of Delta inflow that is dedicated to Delta outflow in March of dry, below
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normal, and above normal water years which DWR will facilitate through upstream land fallowing and
subsequent reservoir releases. DWR may deploy inflows in April or May, if approved by CDFW. DWR is
also required to provide 92.5 TAF of Delta outflow via export reductions in April and May of dry and
below normal water years, and 117.5 TAF in April and May of above normal water years (see Table 5 of
the ITP). DWR may deploy export reduction flows in March or June, if approved by CDFW.
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Figure 13: Mean monthly spring (Mar-Jun) Delta inflow (cfs) (top), combined State Water Project and Central Valley
Project exports (cfs) (middle) and X2 location (km) (bottom) for 1967 through 2021 (top and middle), 1981 through
2021 (bottom). Horizontal line at Chipps Island, 75 km, (bottom) for reference. Loess smoother line shown but not
used in an analysis. Gray shaded area represents the 95% confidence interval of the loess smoother
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Figure 14: Mean monthly spring (Mar-Jun) Old and Middle River flows (OMR) in cfs as read by USGS gauges for
1987 through 2022. Dashed line at -5,000 cfs for reference. Loess smoother line shown but not used in an analysis.

Young juveniles are not strong swimmers and net negative flows can lead to entrainment into the south
Delta as a result of similar mechanism described above in Section 5.1.1 for larvae. Once entrained into
the south Delta they are believed to rear until water temperatures increase and cue them to emigrate.
Emigrating juveniles attempt to orient downstream in response to flow direction, and are possibly
miscued by negative OMR flows. During exceptionally wet periods, high flows in the San Joaquin River
and from eastern Delta tributaries (Mokelumne, Cosumnes, and Calaveras rivers) can generate positive
OMR flows despite SWP and CVP exports (Figure 14), and provide transport flows or at least correct cues
to emigrating juveniles. Under these high outflow conditions, any juveniles in the immediate vicinity of
CCF are still at risk of entrainment, but risk diminishes with distance from the export facilities. The area
influenced by exports is substantially reduced during high San Joaquin River outflow conditions, even
when exports are high. In the absence of high flows in the San Joaquin River and east side tributaries,
juvenile LFS present in the south Delta are at risk of entrainment in all but the lowest export levels
(CDFG 2009d; Kimmerer and Nobriga 2008; Appendix A).

Juveniles entrained into CCF are assumed to be lost to the population because they are likely unable to
volitionally leave CCF once inside. Only a fraction of juveniles entrained into CCF will be observed in
salvage due to predation and inefficiencies diverting small fish to salvage (CDFG 2009d; Castillo et al.
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2012). Those that are salvaged at the Skinner Fish Facility, like DS juveniles, are unlikely to survive the
process of collection, handling, trucking and release during spring (Aasen 2013; Afentoulis et al. 2013;
Morinaka 2013b). Moreover, summer water temperatures in CCF exceed the tolerance of juvenile LFS
(Jeffries et al. 2016). During regular maintenance activities Banks pumping plant ceases operations and
the CCF radial gates remain closed preventing additional fish from entering CCF.

In addition to direct take as a result of SWP operations identified above, SWP operations result in
indirect impacts to juvenile LFS very similar to those affecting larvae. First, juveniles entrained in the
south Delta are believed to be vulnerable to increased predation similar to other fishes (Grossman
2016). Second, reduced residence times and direct entrainment of food web resources (Arthur et al.
1996; Kimmerer et al. 2019; Hammock et al. 2019b) are believed to reduce feeding opportunities within
the south Delta. Third, south Delta habitat suitability has declined for LFS with increasing water
transparency as a result of the combined effects of sediment washout during the extreme outflow of the
1982-1983 El Nifio (Jassby et al. 2005), reduced sediment inputs (Wright and Schoellhamer 2004), and
expansion of submerged aquatic macrophyte beds (Nobriga et al. 2005; Brown and Michniuk 2007;
Nobriga et al. 2008) that may act as filters to settle sediment from the water and reduce or prevent
resuspension. At least some of these factors (turbidity and perhaps predation) vary through the year
such that habitat suitability is worst in summer and fall (Nobriga et al. 2008). Fourth, south Delta water
temperatures exceed the tolerance of juvenile LFS (Jeffries et al. 2016), so juveniles must emigrate to
survive. Finally, strongly negative OMR flows during early summer are likely to either miscue juvenile LFS
into migrating in the wrong direction, leading to entrainment in CCF, or to work against migration in the
correct direction, possibly increasing energy expenditure required for emigration (Swanson et al. 1998),
or by delaying emigration past the onset of stressful or lethal summer temperatures.

5.2.2. Barker Slough Pumping Plant

The BSPP is located approximately 16 km from the mainstem Sacramento River at the end of Barker
Slough. The BSPP has the capacity to export 175 cfs through a screened diversion in a terminal side
channel of Barker Slough in the North Delta. This diversion is operated year-round, except for a brief
maintenance period which typically occurs in March. Recent exports tended to be relatively low during
winter and early spring and increase through the spring and into summer. Under current operations, as
exports begin to increase in the late spring LFS hatching is waning and larvae that are present are
generally larger and capable of volitional movement (Figure 7).

The BSPP is within the range of LFS spawning and early rearing habitat (Table 5). The facility is located at
the upper end of a terminal slough where weakly swimming juveniles can be drawn toward the screens
to be entrained or impinged. The configuration of the screens does not allow tidal or net currents to
sweep juveniles past the screens, to avoid entrainment or impingement they must be able to swim
against the flow caused by the diversions. PTM runs have shown the potential for entrainment during
the winter and spring, particularly as exports increase beyond 100 cfs (CDFG 2009d; Appendix A, Figure
A-62). Incidental take of juvenile LFS can occur as a result of: 1) direct entrainment, which can occur for
a brief period before fish reach 25 mm FL and are excluded by the fish screens and 2) impingement and
screen contact, which are only likely for small juveniles approximately 25 mm in length or those already
compromised by stress or injury. As noted in Section 5.1.2, entrainment risk for young juvenile LFS is
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greater in critical and dry water years due to lower outflows and increased export rates at BSPP (DWR
2024a).

Incidental take may also occur if maintenance of BSPP facilities and adjoining water ways must occur
when juveniles are present. Juveniles in the immediate vicinity of the concrete apron at the fish screen
may be taken during suction dredging conducted for sediment removal (see Section 5.1.2). This impact is
not believed to be beyond impacts associated with normal operations due to the poor habitat located
immediately in front of the BSPP. Incidental take may occur as a result of aquatic vegetation removal
within the BSPP forebay, as described in Section 5.1.2. Scheduling maintenance and vegetation removal
work for summer and fall months when water temperature is greater than or equal to 25°C would avoid
the risk of take altogether. The impact of aquatic vegetation removal in areas beyond the BSPP forebay
is unknown at this time and will depend upon the timing, size and scope of the removal effort. If
chemical and physical methods of vegetation control must be used in the presence of LFS (outside the
summer and fall months when they are typically absent from the region) each represents a different
mode of take and will need to be assessed independently. Aquatic vegetation removal that occurs when
juvenile LFS are present in the system (April through June) will have a greater impact, particularly if BSPP
operations just prior to this period are conducive to entrainment into Barker Slough or retention of
juveniles in the affected area.

5.2.3. Suisun Marsh Facilities

Physical facilities in the Suisun Marsh and Bay include the SMSCG, RRDS, MIDS and GYSO. Additional
facility details are provided in the 2024 SWP ITP Project Description, Section 2.1.1.5 of the FEIR (DWR
2024b), and in Section 5.1.3 of this Effects Analysis.

Suisun Marsh Salinity Control Gates

As mentioned in Section 5.1.3, operation of the SMSCG typically occurs from October through May to
maintain reduced salinity in the Marsh. Thus, it may be in operation during a portion of the time juvenile
LFS are present in the area, March through June (Figure 7). SMSCG operation has the potential to cause
short-term increases in residence time in the early spring. If the SMSCG increases juvenile residence
time in Montezuma Slough immediately behind the gate structure, this could increase exposure and
subsequent entrainment risk at the RRDS, though such risk would be minimal.

Roaring River Distribution System

The RRDS begins at Montezuma Slough just west of the SMSCG and possesses screened intakes that will
physically exclude fish greater than approximately 25 mm in length. Tidal currents, which provide
sweeping flows, tend to improve efficiency of such screens for fish less than 25 mm FL and reduce the
likelihood of impingement of larger fish (Nobriga et al. 2004). Flood tide currents will be stalled during
SMSCG operations (little or no flood tide movement) but ebb tide currents sweep past the fish screens
when the gates are open. Thus, risk of entrainment of less than 25 mm fish is low and risk of
impingement of larger fish is very unlikely.

Morrow Island Distribution System
The MIDS is used year-round, but most intensively from September through June. LFS larvae (and
subsequently juveniles) were historically most abundant in Cordelia Slough and Goodyear Slough (Meng
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and Matern 2001; O'Rear and Moyle 2010), and thus vulnerable to entrainment into MIDS. Juvenile LFS
have been entrained by the three unscreened 1.2 m intakes that form the MIDS intake. Enos et al.
(2007) found juvenile LFS within MIDS during 2004-2006, indicating that entrainment is occurring and
can affect juveniles if present. It’s unclear whether LFS can pass successfully through the system.

Goodyear Slough Outfall

The intakes and outfall of GYSO are unscreened and may entrain juvenile LFS, but those individuals are
expected to be able to exit the system. It is possible that some mortality may occur during transit
through the system.

5.2.4. Agricultural Barriers

The TBP does not alter total Delta outflow, or the position of X2 (USFWS 2008). However, the TBP causes
changes in the hydraulics of the Delta, which may affect smelt, both DS and LFS, in the area. Simulations
have shown that placement of the barriers changes South Delta hydrodynamics, increasing Central Delta
flows toward the export facilities (USBR 2008). In years with substantial numbers of adult LFS moving
into the Central Delta, increases in negative OMR flow caused by installation of the TBP can increase
entrainment into the south Delta. Additionally, the increased directional flow towards the Banks
Pumping Plant increases the vulnerability of fish to entrainment and may result in direct take of the
species.

5.3. Adult Longfin Smelt

Adult LFS migrate into the Delta during the late fall when the water temperature drops below 18 °C to
spawn in tidally fresh and low salinity habitat (less than 6 psu) (CDFG 2009a; CDFG 2009d; Moyle 2002;
Rosenfield 2010; USFWS 2022). The peak of spawning is generally from December through February, but
can range from November through April (CDFG 2009a; USFWS 2022). Migration into the Delta increases
the probability of adult LFS entrainment into the south Delta and the SWP and CVP facilities. Once in the
Delta, LFS are vulnerable to take and impacts of the taking at the SWP and CVP export facilities. Here,
we describe results from a boosted regression tree analysis of migration timing into the Delta and
entrainment into the south Delta and salvage at SWP and CVP. Further details regarding this analysis can
be found in Appendix B. Only LFS greater than or equal to 98 mm fork length (FL), a threshold
determined in the previous analysis of the 2020 ITP (CDFW 2020b), were considered migrating adult LFS.
This was determined through a preliminary analysis demonstrating that larger individuals were caught
earlier and within a narrower timeframe in the season than smaller individuals who are caught later and
more consistently throughout the season (Appendix B).

To determine the timing of annual adult LFS migration into the Delta we used daily catch data from the
Chipps Island Trawl (IEP et al. 2019). Chipps Island is located at the western entrance to the legal Delta,
and we assumed LFS catch at this location served as an appropriate indicator of LFS migration prior to
spawning. The Chipps Island Trawl samples the channel adjacent to the island and generally samples
three days a week, year-round except in December and January when sampling increases to seven days
a week. On each sampling day ten 20-minute trawls are conducted providing good temporal resolution
for estimating the timing of LFS migration into the Delta. We examined mean catch per unit effort
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(CPUE) per day and the size distributions of LFS caught in the Chipps Island Trawl dataset from 1993-
2022. We used the salvage data to establish a relative size of adult fish commonly observed in salvage (2
60 mm FL) (Figure 10). Individuals greater than or equal to 60 mm FL were caught throughout the
spawning period, but the majority occurred from December through the end of February (Figure 15A).
This timing is consistent with our conceptual model of the timing of LFS spawning migration (CDFG
2009a; USFWS 2022). Fish arriving at Chipps Island in November were generally small, with larger fish
arriving in December (Figure 15B-C). Interestingly, the distribution of larger fish (FL greater than or equal
to 98 mm) appears to be bimodal, with a peak in December and a second peak in the late-February
through March period.

We used machine learning models, including a boosted regression tree, to examine how covariates
influence the timing of migration, and presumably spawning, by incorporating abiotic data collected at
or near Chipps Island. Covariates used included: X2 position, water temperature, Secchi depth and day
of the year (Appendix B).

Change in sunlight duration (i.e. whether days are getting longer or shorter) was the most important
variable in the model indicating that the spawning migration to Chipps Island is a seasonal phenomenon,
consistently beginning in December regardless of environmental conditions (Figure 16). However, the
precise timing of the spawning migration did vary, occurring earlier when temperature was less than
12.0°C, the seven-day rolling average Secchi depth at Chipps Island was less than 0.6 m, and X2 was less
than 79 km (Appendix B).
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Figure 15: Visual analysis of Longfin Smelt (LFS) caught in the Chipps Island Trawl from 1993-2022: (A) the average
catch per unit effort (CPUE) of LFS greater than or equal to 60 mm within the November through March period; (B)
the average proportion of each age class, 60-74 mm is age-0, 75-97mm is age-1, 98-109 mm is age-2, and 110 mm
and greater is age-3; (C) the average fork length per day, with standard error bars.
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Figure 16: The feature importance rankings of the final model, both overall (A) and for each migration stage

individually (B-D).

This analysis illustrates the importance of two assumptions regarding adult LFS spawning behavior. The
first is that LFS spawning is imminent upon migration and secondly, LFS are known to stage at tributary
mouths and undergo short, rapid, nocturnal upstream spawning migrations in other systems, such as
Lake Washington (Dryfoos 1965; Moulton 1970; Moulton 1974). If this behavior is reflective of adult LFS
within the SFE, then this analysis demonstrates the ability for the Chipps Island Trawl to provide an early
indication of imminent spawning in the Delta, and potentially the central and south Delta. Once
migration has been detected at Chipps Island, it is anticipated that adult LFS may be entering the central
and south Delta to spawn within several days.

Based on historical detections (WY 2009 — 2022), more than 90% of LFS returning to the Delta in the

winter detected by SFBS, FMWT, and Chipps Island Trawl have FL greater than or equal to 60mm (Figure
17, Table 6). Additionally, although entrainment of adult LFS has been historically low (WY 2009 — 2022),
over 90% of LFS entrained and measured from December through February were also over 60mm

(Figure 17).
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Figure 17: Size distribution of Longfin Smelt detected in the Delta (at or upstream of Chipps Island) between
December and February of each water year from 2009 to 2022 by (a) San Francisco Bay Study (SFBS), (b) Fall
Midwater Trawl (FMWT), and (c) Chipps Island Trawl. No fish were detected by SFBS in 2016 or by FMWT in 2015.
The red line indicates fork length cut-off of 60 mm used in Adult Longfin Smelt Entrainment Protection.

Table 6: Cumulative total catch of Longfin Smelt (LFS) detected in the Delta (at or upstream of Chipps Island)
between December and February of each water year from 2009 to 2022 by San Francisco Bay Study, Fall Midwater
Trawl, and Chipps Island Trawl. More than 90% of the LFS returning to the Delta each year had fork length of 60mm

or greater.
Water year Total catch TOtZ:)::::h 2 :&io:é;r;::
2009 359 357 99.4%
2010 515 515 100.0%
2011 219 219 100.0%
2012 247 235 95.1%
2013 1012 1010 99.8%
2014 100 94 94.0%
2015 224 220 98.2%
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Water year

Total catch

Total catch 2

Proportion of

60mm catch 2 60mm
2016 17 17 100.0%
2017 69 69 100.0%
2018 146 144 98.6%
2019 173 167 96.5%
2020 97 93 95.9%
2021 53 53 100.0%
2022 369 365 98.9%

Thus, LFS spawning appears to almost immediately follow upstream migration based on the subsequent
presence of newly hatched larvae. By comparison, given the proper environmental conditions, DS are
known to disperse into spawning areas in the winter, but will not spawn until water temperatures
increase in the spring (IEP-MAST 2015). Rapid spawning after migration of LFS is supported by larval
detections in the upper estuary by the SLS in mid- to late- December that mirror the detection of adults
offset by a 2-4 week incubation period (Table 3). Combined, these assumptions in conjunction with
findings from this analysis of Chipps Island data, implies that spawning is occurring in the central and
south Delta as early as November in some years but consistently by early December.

5.3.1. Banks Pumping Plant and Clifton Court Forebay

Operations of the SWP can lead to direct take of adult LFS that are in the Delta by entraining individuals
into the SWP. Historically, LFS used the lower reaches of the San Joaquin River in areas with suitable
hydrodynamic and water quality conditions as spawning habitat (Merz et al. 2013; Rosenfield 2010).
However, changes in larval catches in the SLS indicate that LFS abundance has declined in this habitat
over time (Eakin 2021). Despite this decline in the central and south Delta, adult LFS continue to occur in
the southern Delta, and likely enter that habitat either voluntarily during spawning migrations,
involuntarily due to hydrodynamics, or both (Rosenfield 2010; USFWS 2022). Salvage of adult LFS
(individuals greater than, or equal to, 60 mm FL) at the SWP and CVP south Delta export facilities is
generally observed from December (rarely November) to as late as April (Figure 10).

Relative to other pelagic fishes in the Delta, salvage of adult LFS has generally been rare; however,
during the Pelagic Organism Decline (Sommer et al. 2007), adult LFS salvage was relatively high (Figure
18). Since 2008, salvage of adult LFS has been lower than in prior years, either due to population decline
or Old-Middle River flow management implemented under the 2008 Biological Opinion (Smith 2019),
likely a combination of both.
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Figure 18: Barplot of adult Longfin Smelt salvage from 1993 through 2023. Bars represent total expanded salvage
for the Central Valley Project and State Water Project by water year for the months of December — February.

Grimaldo et al. (2009) found a significant correlation between negative OMR flow and juvenile LFS
salvage at SWP and CVP south Delta export facilities but found no significant relationship between
salvage and several abiotic covariates for adults. These results may be explained by the behavior of adult
fish during the spawning period. Adult LFS stage in brackish waters downstream of spawning grounds
prior to nocturnal migrations into fresher water to spawn (Hobbs et al. 2019a). This migration behavior
can lead to entrainment, particularly during dry winters when X2 is near or upstream of the confluence.
The winter distribution of adult LFS in the upper estuary is associated with the location of X2 (Figure 2)
and adult LFS salvage is greatest in years of high FMWT index and high Dec-Mar X2 position, however,
the biotic and abiotic factors that influence adult entrainment into the SWP and CVP remain an area of
further scientific study.

In previous work, a machine learning model was developed in conjunction with an earlier version of the
LFS migration model described in Appendix B to determine if the timing of the spawning migration, as
indexed by catch at Chipps Island, could be used to better understand adult LFS salvage at the SWP and
CVP south Delta export facilities (CDFW 2020b Appendix B). We used expanded adult LFS salvage
numbers for both facilities from December through February for the years 1993 to 2019.

We found salvage was greater when fish had recently initiated migration past Chipps Island and salvage
remained high for roughly 36-days post-migration from Chipps Island) and south Delta export rates were
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high (greater than 11,000 cfs; Appendix B). More generally, salvage increased with fish proximity to the
CVP and SWP south Delta export facilities and the magnitude of negative OMR flows caused by the
export facilities (CDFW 2020b Appendix B). These are additive effects, when fish are closer to the
facilities, exports are high, and OMR is highly negative we observe higher salvage than when only one
factor is in effect. Individuals salvaged at the export facilities are expected to be lost to the population
due to direct mortality or screen impingements. Although fish can be successfully recovered and
returned to the Delta after entrainment occurs at the salvage facility (Morinaka 2013b), it is uncertain if
salvaged adult LFS will contribute to subsequent generations when released back into the estuary.

Individuals entrained into CCF are considered taken because it is not likely that adult LFS can swim out of
CCF voluntarily and they have a low likelihood of surviving through salvage (i.e., collection, handing,
trucking and return; CDFG 2009d). The total number of LFS entrained into CCF is not directly quantified.
Instead entrainment into CCF is calculated based upon expansions of observed LFS salvaged at the
Skinner Fish Facility (Brown et al. 1996; CDFG 2009d; Kimmerer 2008). Comparatively, the total number
of salmon entrained into CCF, but not observed in salvage, are estimated using a loss equation (ITP
Attachment X, ERP 2014; Kimmerer 2008), which accounts for both direct, and indirect sources of
mortality as it relates to SWP and CVP operations. However, the magnitude of LFS loss is unknown and a
smelt-specific loss equation is currently unavailable. Studies of DS salvage efficiency show that take is
substantially higher than observed through expanded salvage at the facility because the louver
efficiency of the SWP facility is only about 37% for fish greater than 80 mm FL (Table 1), meaning that
approximately 63% of fish may not be diverted into salvage facilities. Indirect forms of take and related
impacts include mortality due to predation while in CCF or within the salvage facilities, or by succumbing
to unfavorable environmental conditions. CCF is known to harbor large populations of piscivorous fishes,
and therefore predation is expected to be high (CDFG 2009d). However, these factors have not been
directly quantified within CCF for LFS. The CCF Aquatic Weed Control Program can also result in fish
mortality due to the effects of control agents on adult LFS should herbicides be applied during the
period in which adult LFS are present.

Impacts of the taking extend beyond the direct entrainment into export facilities and observation of fish
in salvage, to those individuals that are lost (“killed”) as an indirect result of SWP operations. This can
occur when adult LFS voluntarily or involuntarily move into the central and south Delta. Several
mechanisms can cause this loss prior to entrainment into the SWP facilities. LFS can be entrained from
their intended spawning or rearing destinations into the south Delta by negative OMR flows resulting
from operations of the SWP. Once in the south Delta, individuals may experience sub-optimal abiotic
conditions, such as reduced turbidity, exposure to contaminants (eg. Selenium, agricultural chemicals),
and altered hydrology (i.e. reverse flows). Turbidity is generally lower in the southern Delta than
elsewhere, as a result of lower inflow and increased presence of both floating and submerged aquatic
vegetation (FAV and SAV respectively) (Nobriga et al. 2008). Increased water clarity likely increases
predation risk to LFS; however, the direct relationship to turbidity is unknown. Some evidence suggests
there is an overall negative effect on population abundance (i.e., increasing Secchi depth is associated
with declining abundance; Thomson et al. 2010). Contaminant levels in fish have been demonstrated to
be higher in the south Delta and lower San Joaquin River systems (Davis et al. 2000) relative to other
regions of the Delta and Sacramento River watershed. Higher contaminant levels can lead to fish death
or stunted growth and impaired bodily functions (Hammock et al. 2015).

In addition to abiotic stressors, adult LFS are also exposed to biotic stressors, such as increased
predation risk. Predator density is higher in the south Delta due to increased presence of invasive
species, specifically black basses (Micropterus spp.), which Young et al. (2018) found were the most
abundant species in habitats sampled in the south Delta. Conrad et al. (2016) established that juvenile
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black bass density was positively correlated with the biomass density of Egeria densa, an invasive SAV
which continues to invade the Delta. In particular, SAV density and distribution within the south Delta
has increased over time since 1999 (Santos et al. 2016). The interaction between increased predator
presence and clearer water will likely increase predation risk for adult LFS in the area, however, no
studies have been conducted to quantify this interaction.

The southern Delta may have historically been used by spawning LFS (Mertz et al. 2013; Rosenfield
2010), but LFS presence in the south Delta has been consistently rare since 2014 (Table 5). In recent
years, LFS abundance has shown some recovery and has therefore seen more detections within the
south Delta (Table 5). As described in sections 4.1.2 and 5.1 of this Effects Analysis, SWP operations can
result in take of the progeny of fish that successfully spawn in the south Delta once eggs are laid and
hatched. Therefore, conditions that influence adult LFS spawning locations or timing can have an
influence on the risk of entrainment for larvae once hatched.

5.3.2. Barker Slough Pumping Plant

The BSPP is made up of 10 pump bays that are individually screened with a positive barrier fish screen
consisting of a series of flat, stainless-steel, wedge-wire panels with a slot width of 2.4 mm. This
configuration is designed to exclude and prevent the entrainment of fish measuring approximately 25
mm or larger. The bays tied to the two smaller units have an approach velocity of about 0.2 foot per
second (ft/sec). The larger units were designed for a 0.5 ft/sec approach velocity, but actual approach
velocity is about 0.44 ft/sec. Direct take of LFS occurs when individuals are impinged on the screens or
pass through them. However, due to the presence of the fish screen and appropriate approach
velocities, direct take of adult LFS is expected to be very low if it occurs at all.

Additionally, it is unlikely that the operations of the BSPP will entrain adult LFS into, or near the
diversion facility. However, Adults may volitionally spawn nearby which would result in increased risk of
entrainment for their progeny.

5.3.3. Suisun Marsh Facilities

Physical facilities in the Suisun Marsh and Bay include the SMSCG, the RRDS, the MIDS and the GYSO.
Additional facility details are provided in the ITP Project Description, Section 2.1.1.5 of the FEIR (DWR
2024b), and in Section 5.1.3 of this Effects Analysis.

Suisun Marsh Salinity Control Gates

The SMSCG have the potential to cause short-term delays in adult LFS migration in the late fall and early
winter. If the SMSCG increases adult LFS residence time in Montezuma Slough, this would in turn
increase the potential for adult LFS interactions with screened and unscreened diversions in the area,
such as RRDS, but is expected to result in very low amounts of take.

Roaring River Distribution System
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The RRDS intakes possess screens with 2.4 mm perforation that physically exclude fish greater than 30
mm FL from being entrained. RRDS operations are only likely to result in take if individuals come in
contact with or are impinged onto the screens. Entrainment or impingement mortality are unlikely
because the RRDS intakes are positioned in a part of Montezuma Slough where the channel is about 90-
110 m wide, and adult LFS could easily move beyond the 1m zone of influence of the diversions behind
the fish screens. The extent of screen contact and impingement is uncertain. Given that RRDS operates
to a relatively low approach velocity and adult LFS size and swimming strength may aid in avoiding the
structure all together, take of adult LFS at the RRDS is expected to be very low.

Morrow Island Distribution System

Individual adult LFS could be entrained by the three unscreened 122 cm intakes that form the MIDS
diversion. Enos et al. (2007) observed entrained adult LFS at MIDS from 2004 to 2006, indicating that
entrainment has occurred in the past. However, the magnitude and frequency of these entrainment
events is unclear. Based on the data collected in this study, take of adult LFS at MIDS is expected to be
low.

Goodyear Slough Outfall

The intakes and outfall of GYSO are unscreened and may entrain adult LFS. However, fish that enter the
system are unlikely to die during the entrainment process and would be able to leave via the intake or
the outfall, as GYSO is an open system. If adult LFS are entrained at the GYSO fish could experience
indirect effects, such as increased exposure to predators or contaminants. Data from the UC Davis
Suisun Marsh Study has documented some presence of adult LFS in the area during the winter,
indicating that adult LFS may infrequently spawn in Goodyear Slough (O’Rear et al. 2022).

5.3.4. Agricultural Barriers

The TBP does not alter total Delta outflow, or the position of X2 (USFWS 2008). However, the TBP causes
changes in the channel hydraulics in the Delta, which may affect smelt, both DS and LFS, in the area.
Simulations have shown that placement of the barriers changes south Delta hydrodynamics, increasing
central Delta flows toward the export facilities (USBR 2008). In years with substantial numbers of adult
LFS moving into the central Delta, increases in negative OMR flow caused by installation of the TBP can
increase entrainment into the south Delta. Additionally, the increased directional flow towards the
Banks and Jones pumping plants increases the vulnerability of fish to entrainment into CCF, and may
result in direct take of the species.

5.4. Food Resources

Food resources contribute directly to rearing habitat quality for all fishes in the Delta and upper estuary
(Baxter et al. 2010). As described in section 4.1, food resources for LFS have changed over time (Baxter

et al. 2010). Important prey items for LFS rearing in the low salinity include species such as the calanoid
copepod E. affinis and the mysid N. mercedis, declined considerably since the introduction of the
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overbite clam, P. amurensis (Kimmerer and Orsi 1996, Orsi and Mecum 1996, Winder and Jassby 2011).
However, the introduced calanoid copepod P. forbesi and the mysid H. longirostrus have also become
important food sources since that time (Baxter et al. 2010, Lojkovic Burris et al. 2022). Some of these
food web resources, such as P. forbesi, are influenced by hydrology within the Delta, and several studies
have shown that change in outflow and exports from the Proposed Project operations will have a
detrimental impact on food web dynamics for LFS. See Section 8.6 of this Effects Analysis for a detailed
description of these studies and the impacts of reduced outflow resulting from SWP operations on food
resources.

5.5. Spring Outflow

The abundance of LFS exhibits one of the strongest correlations with freshwater outflow among a
variety of taxa that occur in the SFE; however, the underlying mechanisms for this relationship have not
yet been resolved. The trend in LFS abundance and freshwater flow was first described by Stevens and
Miller (1983) using the CDFW FMWT and monthly total inflow to the Delta. In this study, the authors
explored the relationship between flows during different months (individually and in combination) with
LFS abundance to identify the time period when flows had the strongest relationship with abundance.
They found the mean flow period from December- August explained the greatest variance in abundance
(Table 7). The authors concluded “the mechanism for the flow-abundance trend was the result of
improved survival due to greater quality or quantity of nursery habitat, wider dispersal of young and
reduced density dependent mortality.” Since this first analysis describing the flow/abundance
relationship for LFS, numerous publications have found similar strong effects of freshwater flow on their
abundance using additional years of FMWT, as well as additional surveys that document catch
abundance of LFS and additional metrics of flow (Kimmerer and Gross 2022; Maunder et al. 2015;
Nobriga and Rosenfield 2016; Rosenfield and Baxter 2007; Stevens and Miller 1983; Tamburello et al.
2019; Thomson et al. 2010).

As part of an U.S. Environmental Protection Agency workshop focused on developing strategies for
protecting estuarine organism populations in the San Francisco Bay-Delta, Jassby et al. (1995) developed
the salinity scalar indicator, or “X2”. X2 is the geographic location up the axis of the estuary to the near-
bottom 2-psu isohaline. The authors hypothesized that X2 could be used to index the estuarine
community response to freshwater flow. The X2 indicator was initially developed because in-Delta
consumption of water is not readily quantified, thus flows that influence Suisun Bay are not adequately
tracked by flows into the Delta or by net Delta outflow. Net Delta outflow is calculated utilizing static
estimates of within Delta consumption and tidally averaged flows past Chipps Island. LFS abundance
(arithmetic scale) exhibited a strongly negative trend with increasing X2 (see Table 1 in Jassby et al.
1995). While Jassby et al. (1995) did not discuss the potential mechanism for this trend, they did
demonstrate a strong positive linear relationship between X2 and both chlorophyll-a and N. mercedes
abundance, then an important prey species for LFS. Both chl-a concentrations and N. mercedes
abundances are in decline and thus a food component to survival may be implicated with this work.

Kimmerer (2002b) updated the relationship between LFS abundance and X2 using data up to 1999.
Kimmerer (2002b) used a generalized additive model-GLM with a categorical factor for the pre-clam and
post-clam years (1987), X2, and an interaction term to determine if the relationship between X2 and

72



abundance had changed following the invasion of P. amurensis. The abundance index of LFS continued
to have a strong relationship with X2, but also had a significant time period interaction for the post-clam
invasion. This interaction indicates that there was an overall decline in abundance between the two time
periods as a result of the effect of clam grazing on the food web in the low-salinity zone.

Two publications from a National Center for Ecological Analysis and Synthesis (NCEAS) working group
(Mac Nally et al. 2010; Thomson et al. 2010) used more advanced statistical tools to assess fish
population trends from survey data and incorporate a suite of covariates that have been attributed to
species decline in the estuary. Thomson et al. (2010) developed a Bayesian hierarchical changepoint
model that utilized catch data from the FMWT rather than abundance indices. Thus, it should be noted
that the Thompson et al (2010) results pertain to a density metric rather than an expanded abundance
estimate. The models were constructed to test for distinct changes (change points) in mean catch over
the study years and examined whether covariates could explain the catch trends and change points
identified. The covariate selection model identified water clarity and spring X2 as the strongest
variables, both having negative effects on annual mean catch with an R? of 0.88 (Table 7). The authors
point out that the effect of water clarity after accounting for the effect of spring X2 was weak.
Importantly, the covariate conditioned change point models identified step-changes in abundance in
1989-1991 and 2004 that could not be explained by water clarity or spring X2. The first decline period
has been attributed to a decrease in food availability following the introduction of the overbite clam
(Kimmerer 2002b), while the explanation for the decline in 2004, known as the “Pelagic Organism
Decline” has yet to be determined. In a second publication from this NCEAS effort, Mac Nally et al.
(2010) used a multivariate autoregressive modeling approach and included additional covariates
identified by experts to be important drivers of fish abundance in the SFE. These models included
covariates for prey availability and predator abundances as well as abiotic factors from Thompson et al.
(2010). This approach found strong support for the spring X2 and abundance of LFS, but also identified
potential links between flow and prey abundance for LFS, suggesting the mechanism underlying the fall
abundance to flow relationship may be driven by increased food availability and feeding, which would
promote rapid growth and improve survival in the early life stages which experience the greatest
mortality.

Nobriga and Rosenfield (2016) created contrasting variants of a generalized population model and the
predicted LFS abundances were compared to empirical data to identify the model variants that best
captured the population trends of LFS. The authors intended to evaluate alternative models of LFS
population dynamics to better understand the forces that may constrain the species’ productivity during
different phases of its life cycle. The models were not intended to compare the impact of different
operational scenarios on LFS abundances (J. Rosenfield personal communication January 2020). Their
results indicated a positive association between freshwater flow and the number of recruits per
spawner, suggesting that higher flows increase survivorship of larvae and juvenile LFS (Nobriga and
Rosenfield 2016).

Additional analysis by Tamburello et al. (2019) updated the “Kimmerer regression” approach with data
up to 2014 and produced results similar to previous analysis: outflow or X2 is the strongest driver of age-
0 LFS abundance. Importantly, the authors point out the change in prediction error (Figure 5D and
Figure 6 in Tamburello et al. 2019) showing the prediction error for LFS abundance based on X2 is
increasing and is now approximately 30%. However, this analysis did not account for known step
declines associated with the introduction of invasive clams in the late 1980s or the Pelagic Organism
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Decline in the early 2000’s. Kimmerer and Gross (2022) found continued support for the LFS abundance
relationship with X2, and noted an accelerating decline in abundance over the time series. Overall,
numerous peer-reviewed publications covering a span of 36-years have all demonstrated a continued,
strong positive LFS population response to increasing flow in the winter-spring months. Lastly, we used
an information theoretics Bayesian multiple linear regression approach that included data through 2023
to specifically test whether LFS recruitment is related to spring (Jan-June) Delta outflow after accounting
for stock and known regime changes from 1980 through 2023. We found that outflow continues to be a
strong predictor of recruitment, even in recent years, after accounting for stock. This analysis is further
described in Appendix C of this Effects Analysis.
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Table 7: Comparison of literature cited that addressed hypotheses pertaining to the relationship between Delta outflow and Longfin Smelt (LFS) abundance.

Longfin Smelt

Publication .
abundance metric

Fall Midwater Trawl

Stevens and
(FMWT) index (log)

Miller (1983)
Jassby et al. FMWT index (log
(1995) Aug/Sep-Mar)
Kimmerer
FMWT (I
(2002b) (log)

FMWT and San

Francsico Bay Study  Outflow (Jan-
(SFBS) age 1 and 2

Rosenfield and

Baxter (2007) (all Sep-Dec

recalculated
indices, loge).

Sommer et al.
2007

FMWT index (log)

Years analyzed

Flow metric
Total inflow
I h
(all months 1967-1978
m?>/s), mean
Dec-Aug
1968-73,1975-
Jaxnz_ J(l:';efc:‘ ) 78,1980-
»198) 1982 1984-1991
1968-73,1975-
Ja)ilz_ J(l:?\ef: : 78,1980-
»198) 1982 1984-2000

1976-75, 1980-
2004 (FMWT),

Jun) per
Jassby et al. 1980-1988, 1994-
1995) 2004 (SFBS)

Outflow (Jan- 1967-2006

Jun m3/s,log)

Statistical analysis

Linear Regression/correlation

Generalized Additive Model,
cubic spline

General Linear Regression
with a categorical year term
for pre-clam (1968-1986) and

post clam (1987-2000)

ANCOVA, with three time
periods (predrought prior to
1986, drought 1987-1994 and

post drought 1985-2004

Linear regression with
categorical year for pre-clam
(1968-1986) and post clam
(1987-2000)

75

Conclusion

Survival controlled by spring and early
summer flows

Authors do not specifically discuss LFS.

Strongest effect was X2 and abundance
exhibited 4-fold decline after 1987

LFS declined during the drought and fall
abundance is strongly related to outflow

Despite a magnitude change in the
response, LFS exhibits strong relationship
with outflow



Publication

Kimmerer 2009

Thomson et al.
(2010)

Mac Nally et al.
(2010)

Nobriga and
Rosendfield
(2016)

Tamburello et al.
(2019)

Longfin Smelt
abundance metric

FMWT, SFBS
Midwater Trawl,
SFBS Otter Trawl

Indices (log)

FMWT-catch-per-
trawl (log)

FMWT- catch-per-
trawl (log)

Averaged SFBS
Midwater Trawl and
Otter trawl.

FMWT, SFBS
Midwater Trawl,
SFBS Otter Trawl

indices (log)

Flow metric

X2 (mean
Jan-Jun, log)

Spring X2

Spring X2
(mean Mar-
May)

Monthly
mean
Outflow
(Dec-May)

X2 (mean
Jan-Jun, log)

Years analyzed Statistical analysis

1968-1973,1975-

1978,1980- General Linear Regression
1982,1984- with a categorical year term
2007(FMWT), for pre-clam (1968-1986) and

1980-2007, post clam (1987-2000)
(SFBS)
1967-2007 Hierarchical BaTyeS|an
Changepoint
1967-2007 Bayesian M.ultlvarlate
Autoregressive Models
1956 - 2013 Generallzgd population model
(Ricker model)
General Linear Regression
1967-2014 with a categorical year term

for pre-clam (1968-1986) and
post clam (1987-2014)

Conclusion

All three of the abundance metrics have a
strong, negative X2 relationship

Spring X2 and water clarity associated with
LFS abundance. Spring X2 more important.

Spring X2 had strong negative effect LFS and
calanoid copepods suggesting a food web
link associated with flow-abundance pattern

Freshwater flow had a positive association
with recruits per spawner

Spring X continues to have a negative effect
on LFS abundance, but this relationship is
getting more variable



Publication

Kimmerer and
Gross (2022)

Longfin Smelt
abundance metric

Annual fall juvenile
LFS abundance
index

Flow metric

X2 (mean Jan
—Jun)

Years analyzed

1967-2020

77

Statistical analysis

Abundance
index (points) with line fitted
to the index with a
generalized linear model in X2
and a quadratic function for
year

Conclusion

Strong relationship of the fall index of
abundance to
flow (as X2) continues to hold, although the
temporal decline includes a worrisome
acceleration



6. Minimization of Take and Impacts of the Taking on
Longfin Smelt

Section 4.1 describes the life history and ecology of LFS in the Delta, Suisun Marsh and Suisun Bay.
Following the description of LFS life history and ecology, Section 5 describes the overlap between
Project operations and LFS life histories, explaining the ways in which Project operations result in take
and impacts of the taking of DS. This section builds upon the preceeding sections and explains how
Conditions of Approval in the ITP are expected to minimize the take and impacts of the taking of LFS due
to the Project. In this EA, there are several Conditions of Approval developed to protect LFS. Each is
identified and supported in the sections below.

6.1. Real-time Operations Management — Smelt Monitoring Team

Condition of Approval 8.1.1 of the ITP describes the Smelt Monitoring Team (SMT). The SMT includes
participants from Reclamation, USFWS, NMFS, DWR, CDFW, and SWRCB and reviews hydrologic,
operational, fishery, and water quality data at an appropriate frequency. The SMT provides an
opportunity for engagement and discussion among biologists and operators about relevant information
and issues associated with the SWP’s operations and any species’ risk assessments.

The role of the SMT according to Condition of Approval 8.1.6.1, is for SMT agency leads to provide
expert advice to their associated Water Operations Management Team (WOMT) representatives on
real-time management of Delta water operations that benefit LFS. SMT agency leads will notify their
agency’s WOMT representative if an ITP identified threshold or protection is or will be met, provide
input on Risk Assessments prepared by DWR and Reclamation, and discuss and document differing
perspectives (e.g., non-consensus) on the relevant assessments and Conditions of Approval of the ITP. If
consensus is not reached in SMT, agency representatives will compose an email to WOMT summarizing
the elevation topic and any supporting information and recommendations. The supporting information
and recommendations, when elevated to the WOMT, can be used to determine when protective actions
for LFS are needed to minimize take at SWP export facilities.

6.2. Water Operations Management Team and Collaborative Approach to Real-
time Decision Making

Condition of Approval 8.1.4 requires DWR to convene the Water Operations Management Team
(WOMT) composed of manager-level representatives from DWR, CDFW, NMFS, Reclamation, USFWS,
and SWRCB. Each week during the OMR flow management season (October through June), and
otherwise as needed. WOMT considers expert advice provided by the SMT to make final determinations
for LFS take minimization needs and Delta water operations. The WOMT has the authority to request
operational changes at the CVP and SWP export facilities to manage OMR flows to an average daily OMR
index less negative than the current daily OMR index.
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Condition of Approval 8.1.5 (Collaborative Approach to Real-time Decision Making) describes the
process by which all available biological, abiotic, and operational information to inform operational
recommendations will be transmitted from the SMT to the WOMT, and to the Directors of CDFW and
DWR if resolution is not achieved in WOMT. If the Directors of CDFW and DWR do not agree, the
Director of CDFW may require DWR to implement an operational recommendation provided by CDFW,
consistent with the Coordinated Operations Agreement, as amended in 2018 (Condition of Approval 8.7
— SWP Proportional Share; USBR and DWR 2018). Positive changes in the average daily OMR index in will
reduce entrainment of LFS into the interior Delta and into CCF (Grimaldo et al. 2009).

6.3. Onset of OMR management

Condition of Approval 8.3 requires DWR to reduce exports to achieve a 14-day average OMR index no
more negative than -5,000 cfs during the duration of the OMR Management season. OMR Management
is intended to minimize take of Covered Species, including all lifestages of LFS occurring through the
Delta from January — June, by creating less negative net OMR flows during the time that all Covered
Species are expected to be present in the Delta and at risk of entrainment into the interior and south
Delta, including LFS. Less negative net OMR flows are accomplished through CVP and SWP export
reductions help reduce entrainment of Covered Species such as LFS into the interior Delta and the CVP
and SWP export facilities in the south Delta.

OMR Management can begin any time after December 1 if a First Flush Action (Condition of Approval
8.3.1) or Adult Longfin Smelt Entrainment Protection Action (Condition of Approval 8.3.3) occur, or any
time after December 20 if an Adult Delta Smelt Entrainment Protection Action (Condition of Approval
8.3.2) occurs. DWR will reduce exports to achieve a new OMR index within three days of an action that
requires changes to OMR flows. If none of these actions occur in December, OMR Management begins
automatically on January 1 and can extend through the end of June (End of OMR Management;
Condition of Approval 8.6), which overlaps with the presence of adult, larval, and juvenile LFS.

6.4. OMR Flexibility During Delta Excess Conditions

As described in Condition of Approval 8.5 of the ITP, DWR may increase exports to capture excess flows
in the Delta during specific hydrologic conditions (hereafter referred to as “OMR Flex”) from the start of
OMR Management until the onramp for Condition of Approval 8.4.1 (Larval and Juvenile Delta Smelt
Protections Action) or the last day of February, whichever comes first. During OMR Flex operations,
Condition of Approval 8.5 requires DWR to maintain an OMR flow no more negative than -6,250 cfs on a
5-day average. DWR will continue to monitor fish in real-time and operate in accordance with any
additional real-time OMR restrictions described in Conditions of Approval 8.2.1, 8.3.1, 8.3.2, 8.3.3, 8.4.2,
8.4.3,8.4.4,8.4.5,and 8.4.7.

The first six requirements that must be met before OMR Flex would be allowed are associated with
elevated flows in the Sacramento River or San Joaquin River basins. These six requirements are: 1) the
Delta is in excess conditions; 2) QWEST is greater than 1,500 cfs; 3) X2 is less than 81 km; 4) Daily
average turbidity measures at Old River at Bacon Island (OBI), Holland Cut (HOL), and Old River near
Terminous (0SJ) are less than 12 Formazin Nephelometric Unit (FNU); 5) a measurable precipitation
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event has occurred in the Central Valley; and 6) Reclamation and DWR determine that net Delta outflow
index indicates a higher level of outflow available for diversions due to storm flows. Positive values of
QWEST (i.e., net positive flow at Jersey Point) indicate a positive westward net flow through the lower
San Joaquin River channel and the central Delta, which would tend to transport pelagic organisms
toward Suisun Bay. Negative values of QWEST indicate greater potential for fish entrainment into the
south Delta and eventually into the export facilities because lower inflow is insufficient to counteract
flows being drawn upstream toward the south Delta export pumps. Positive QWEST can be observed
during wet periods, when the San Joaquin River and eastern Delta tributaries (Mokelumne, Cosumnes,
and Calaveras rivers) provide sufficient flow to maintain a net positive flow in the lower San Joaquin
River despite high exports at the SWP and CVP facilities. Such flows would tend to transport pelagic
organisms in the main San Joaquin River channel toward Suisun Bay. By restricting OMR Flex to
circumstances when there are elevated flows in the Delta, Condition of Approval 8.5 minimizes the risk
to all LFS life stages of entrainment into the SWP export facilities and south Delta.

The remaining two requirements are biological. The two biological requirements that must be met
before OMR Flex can occur, per Condition of Approval 8.5, further minimize take of Covered Species.
Biological requirements include: 1) No real-time listed-species OMR protections are controlling SWP and
CVP operations: and 2) cumulative loss of Coleman National Fish Hatchery late-fall-run Chinook Salmon
(yearling spring-run Chinook Salmon surrogate) at SWP and CVP is less than 0.5 percent within any
release group. If the eight requirements identified above are met, WOMT may also require DWR and
Reclamation to conduct risk assessments, using estimates of the real-time distribution of Covered
Species from SMT, SaMT, and WSMT, as well as particle tracking modeling and prediction tool output to
assess potential Covered Species entrainment risk differences under OMR index scenarios of -5,000 and
-6,250 cfs. If during OMR Flex, any of the last two biological requirements are no longer being met, DWR
must off-ramp OMR Flex to provide protections to listed species by reducing exports to achieve an
average OMR index no more negative than -5,000 cfs on a 14-day average within 48 hours, unless
further reduction in exports is required by a specific Condition of Approval. The ability to off-ramp OMR
Flex operations in response to analyses and recommendations from WOMT is essential to reducing take
of listed smelt species when real-time data indicate fish are present in the zone of entrainment and
when salvage/loss data indicates fish are being entrained at the facilities.

Together, these six limitations to the initiation of OMR Flex and two off ramps, will minimize
entrainment of LFS by only allowing more negative OMR flows during times when there is positive Delta
inflow from both the Sacramento River and the San Joaquin River basins, there are no controlling
Conditions of Approval, and the risk of entrainment is low based on risk assessments evaluated by the
SMT and discussed in WOMT.

6.5. Adult Longfin Smelt

Adult LFS are most vulnerable to entrainment when they migrate upstream for spawning. The location
of X2 approximately predicts the geographic range of migrating adult LFS and influences how far
individuals migrate into the Delta (Rosenfield 2010; USFWS 2022). Entrainment may occur if LFS migrate
directly into the entrainment area prior to spawning, if negative OMR flows draw them into the south
Delta, or if negative OMR flows miscue spent adults causing them to swim deeper into the south Delta

80



rather than downstream to Suisun Bay (USFWS 2022). The following Conditions of Approval will avoid
and minimize take of adult LFS returning to the Delta, and related impacts of the taking, by reducing the
magnitude of reverse OMR flows when salvage of adult LFS is high relative to adult LFS abundance or as
compared to historical salvage before 2008.

6.5.1. Banks Pumping Plant and Clifton Court Forebay

Condition of Approval 8.3.3— Adult LFS Entrainment Protection

This Condition of Approval will minimize take of adult LFS at the SWP south Delta facilities by managing
the magnitude of reverse flows in the Old and Middle River channels when LFS are reentering the Delta
and salvage of adult LFS exceeds a threshold set by the Age 1+ LFS index (Appendix C). The OMR flow
criteria will constrain the magnitude of reverse flows, minimizing take of LFS through reduced
entrainment into the south Delta and CCF. Restricting exports to reduce the magnitude of negative OMR
flows has been a successful approach to minimizing take of all pelagic life stages of LFS (USFWS 2022)
and is expected to continue to minimize periods of high adult LFS salvage. Both LFS and DS demonstrate
a similar relationship between number per volume in salvage and the magnitude of negative OMR flows
(Grimaldo et al. 2009). Therefore, required modifications to SWP exports and OMR flow criteria
described in the ITP are expected to minimize take of LFS.

LFS consistently begin migrating into the Delta by the beginning of December of each year, with
migration peaking in the middle of December (see Section 5.3 of this Effects Analysis and Appendix B).
Adult LFS are commonly observed in the Delta and salvage through February, if not later in the year.
Historically in the month of December (2010 to 2022), OMR flow has been as negative as approximately -
8,150 cfs on a monthly average, and as negative as -10,090 cfs on a daily average (Table 8). The
magnitude of negative OMR flow is positively correlated with adult LFS salvage, particularly flows more
negative than -5,000 (CDFG 2009d; Grimaldo et al. 2009).

To minimize the entrainment and salvage of adult LFS during the peak of adult LFS migration (December
—February) Condition of Approval 8.3.3 will require the SWP to manage OMR in response to observations
of adult LFS in salvage that exceed a threshold based on an Age 1+ index derived from catches in the
SFBS (Appendix C). If adult LFS salvage exceeds the threshold prior to the start of the OMR Management
season, then SWP will adjust exports in coordination with Reclamation to achieve OMR flows no more
negative than -5,000 cfs for seven consecutive days. Since 2009, adult LFS have been exceedingly rare in
salvage, and this could be largely attributable to the -5,000 OMR requirement which began following the
USFWS and NMFS Biological Opinions issued circa 2008 and 2009 respectively. It is expected that a -
5,000 OMR limit minimizes the zone of influence of the export facilities enough to allow LFS to access
potential spawning habitat in the main channels of the lower San Joaquin River without excessive risk of
entrainment into the south Delta (Kimmerer and Nobriga 2008; USFWS 2008). If the adult LFS salvage
threshold is exceeded after OMR management season has begun and a -5,000 cfs OMR requirement is
already in effect, OMR flow will be limited to no more negative than -3,500 cfs for seven consecutive
days to further minimize entrainment risk.
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Table 8: USGS Old and Middle River (OMR) mean monthly flow for December for each water year. Monthly mean
was calculated from daily average OMR flow.

Most negative  Most positive
Monthly mean 8 P

Water year daily OMR daily OMR

! OMR flow (cfs) ﬂox(dg fmx(dg
2010 13923 -5890 11337
2011 6589 -8480 -4600
2012 7652 -9670 -3820
2013 5042 -9550 .18
2014 2085 -3160 607
2015 -4892 -8700 -2640
2016 1455 -5980 1270
2017 -7437 -9670 5410
2018 -7220 -10040 4580
2019 6163 -9180 -3810
2020 8152 -10090 6350
2021 2157 -4690 429
2022 2681 -8270 302

Conditions of Approval 7.5, 7.5.1, 7.5.2 and 8.13 — Skinner Fish Salvage Facility Operations and Staff

Conditions of Approval 7.5.1 and 7.5.2 require notification of outages at the Skinner Fish Salvage Facility
and a process to continue to develop and implement improvements at the facility. Condition of Approval
8.13 requires funding for CDFW staff to oversee various aspects of the Skinner Fish Facility and the
salvage process. Duties of the CDFW staff at the Skinner Fish Facility include, but are not limited to:
receiving daily salvage data from the fish facilities staff, conducting quality assurance/quality control
(QA/QC) on salvage data, training salvage facility staff, overseeing salvage facility operations, working
with DWR to develop a revised Salvage Facility Protocol, and engaging in real-time decision making to
determine whether reduced count times are appropriate. The salvage process at the Skinner Fish Facility
generates one of the largest data sources characterizing entrainment and take of LFS, but requires a
high amount of sampling effort. The duties performed by these staff will ensure proper identification of
state and federally listed smelt species at the Skinner Fish Facility, which allows for accurate counts and
calculations of loss. This in turn will enable timely implementation of other Conditions of Approval,
potentially initiating subsequent protections. These staff will also maintain consistency in operating to
the established protocols to ensure generation of a robust dataset with accurate and QA/QCed data.
This salvage data will be used in OMR Management to implement other Conditions of Approval and
potentially curtail exports during periods of high entrainment risk as identified by increased salvage.
Together, these Conditions of Approval will serve to minimize take by facilitating implementation of
Conditions of Approval that rely upon salvage data.

82



6.5.2. Barker Slough Pumping Plant

Adult Longfin Smelt Avoidance and Minimization

BSPP is operated year-round, including winter when LFS adults may be present, though winter
operations tend to export at rates well below capacity. LFS adults tend to use the region in greater
number in drier years with low outflow (CDFG 2009d). The diversion is located in or near LFS spawning
habitat in the north Delta. Operation of the nine pumps is demand driven, but limited by pipeline
capacity and biofilm accumulation within the pipeline. The maximum pipeline capacity at BSPP is 175
cfs, though DWR’s normal pumping rate at BSPP is between 0 cfs and 130 cfs, with demand greater in
the summer and fall months. Each of the ten BSPP bays are equipped with a positive barrier fish screen
consisting of a series of flat, stainless steel, wedge-wire panels with a slot width of 3/32 inch. The bays
tied to the two smaller units have an approach velocity of about 0.244 ft/s. The larger units were
designed for a 0.5 ft/s approach velocity, but actual approach velocity is about 0.44 ft/s. Due to their
design, the BSPP fish screens exclude older juvenile and adult LFS (FL greater than or equal to 25 mm)
and prevent them from being entrained into the facility, thus minimizing take of these life stages.
Individuals may still be impacted through impingement and contact with the fish screen, however, the
occurrence of screen contacts and impingement are likely to be very low for adult LFS.

6.6. Larval and Juvenile Longfin Smelt

Larval and juvenile LFS are most vulnerable to entrainment when hatching occurs within the zone of
influence of Project operations, where larvae and juveniles encounter net flows towards Banks Pumping
Plant (Kimmerer and Nobriga 2008, CDFG 2009d). This zone of influence generally encompasses the
entire Delta south of the San Joaquin River channel but can include the San Joaquin River channel when
OMR flows are strongly negative (Kimmerer and Nobriga 2008, CDFG 2009d). LFS are hypothesized to
behave as passive, positively buoyant, particles until the development of an air bladder at 10-12 mm TL
(Bennett et al. 2002). At this point in development larvae appear capable of positioning themselves in
the water column to use the tides to move along the axis of the estuary or remain in the same region
(Bennett et al. 2002). Thus, when properly cued by currents and water temperature, larvae and young
juveniles can use tidal currents and downstream net flow to disperse downstream and out of the zone
of hydrologic influence of the south Delta export pumps. Managing negative OMR flows when larval and
small juvenile LFS are present in the Delta, particularly within the hydrologic influence of the Banks
Pumping Plant, will minimize entrainment into the south Delta and CCF and reduce take.

6.6.1. Banks Pumping Plant and Clifton Court Forebay

Conditions of Approval 8.4.2 - Larval and Juvenile Longfin Smelt Entrainment Protection

This Condition of Approval will minimize take of larval LFS and related impacts of the taking by managing
the magnitude of reverse flows in the Old and Middle River channel when larval and juvenile LFS catch
at survey stations in the lower San Joaquin River are high relative to the Age 1+ LFS index (Appendix C).
Adequate management of OMR during these periods will increase the likelihood that LFS hatching in the
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lower San Joaquin River successfully move downstream of the confluence of the Sacramento and San
Joaquin rivers to important rearing habitat in the western portions of the SFE.

Managing the magnitude of OMR flow has been demonstrated to be effective at reducing the
entrainment of larval LFS (CDFG 2009d; Grimaldo et al. 2009). Smith et al. (2019) found that managing
OMR was effective in reducing adult and post larval DS entrainment into the CVP and SWP south Delta
export facilities. Similarly, OMR Management has successfully minimized take of all life stages of LFS
(USFWS 2022). The same relationship between presence in salvage and the magnitude of negative OMR
flows has been observed for both DS and LFS (Grimaldo et al. 2009). Entrainment increases for both
species as OMR becomes increasingly more negative, particularly more negative than -5,000 cfs.
Therefore, OMR criteria described in the Condition of Approval 8.4.2 are designed to establish
operational criteria which minimize take of larval and juvenile LFS by limiting the magnitude of reverse
flows in the south Delta.

LFS larvae consistently hatch and are detected at several lower San Joaquin River channel fish survey
stations (CDFG 2009d). The salvage of larvae (less than 20 mm) is not quantified, but salvage of juveniles
is quantified (Morinaka 2013a). SLS and 20-mm Survey stations 809 and 812 in the lower San Joaquin
River are sampled bi-weekly from December — July, and consistently detect larval and juvenile LFS. A
recent analysis of juvenile catches in the lower San Joaquin River and observations in salvage found that
there was approximately a 14 day time lag between detections of juvenile sized fish at Jersey and
Prisoners points (stations 809 and 812) and observations in salvage (Figure 19; Tillotson in prep).
Furthermore, analysis of SLS data showed that the lower San Joaquin River appeared to be a consistent
hatching and rearing area for LFS, even when detections in other parts of the south Delta are low (Eakin
2021). Multiple PTM analyses have demonstrated that entrainment risk in the south Delta has been
repeatedly analyzed (CDFG 2009d; Kimmerer and Nobriga 2008; Kimmerer and Gross 2022) and
waterways south of Franks Tract is difficult to minimize without substantial surface flows to flush fish
downstream (CDFG 2009d; Appendix A). Therefore, Condition of Approval 8.4.2 focuses on minimizing
risk to fish hatching and rearing in the lower San Joaquin River by using this area as a proxy for the rest
of the south and central Delta. Presence of hatching and rearing fish is determined using survey
detections in these areas and is intended to inform operations of the SWP for both larval and juvenile
LFS.

Catch thresholds required to initiate OMR actions intended to minimize take by managing OMR flows to
be more positive than -5,000 cfs are scaled the relative abundance of LFS using the Age 1+ LFS index
(described in Appendix D). The Age 1+ LFS index indicates the relative magnitude of the population in
the upper estuary each WY for the purposes of scaling entrainment minimization actions. This index is
also related to spawning stock size and is somewhat predictive of subsequent increases or decreases in
larval and juvenile LFS densities year to year. To develop larval/juvenile catch thresholds for take
minimization, CDFW SLS catch at station 809 and 812 was scaled to the annual Age 1+ LFS index. A
lookup table (described in Appendix D) relates the Age 1+ LFS index value to the catch thresholds of
larval and juvenile LFS detected by SLS and 20-mm Survey at stations 809 and 812. When the catch
thresholds for the water year, given the observed Age 1+ LFS index, are exceeded in any SLS or 20-mm
Survey OMR flows will be restricted to no more negative than -3,500 cfs for 7 days.

As described in Section 4.1.1.2, larval and smaller juvenile LFS have weak swimming ability and net
positive flows in the lower San Joaquin River can affect transport, facilitating movement downstream
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and further away from the influence of the export facilities. PTM results indicate that increasing QWEST
flows reduces the percentage of particles entrained into the south Delta from the lower San Joaquin
River (Appendix A). Therefore, when QWEST is 1,500 cfs or greater, larval and juvenile LFS in the lower
San Joaquin River (at or near stations 809 and 812) are more likely to be swept downstream with net
seaward flows, minimizing the take of these life stages provided OMR flows do not become more
negative than -5,000 cfs.

Because the salvage process is likely one of the largest sampling efforts within the estuary, it is possible
that substantial numbers of LFS could be observed in salvage without ever being detected in the lower
San Joaquin River. To address this, Condition of Approval 8.4.2 provides a salvage backstop that would
require the SWP to reduce exports to manage to a more positive OMR requirement, if exceeded. If
cumulative juvenile LFS salvage for the water year (WY) begins to approach average annual juvenile LFS
salvage values observed from WY 2009 through the present WY, protective actions will be taken to
minimize the subsequent salvage. When salvage thresholds of 50% and 75% of the average annual
salvage of juvenile LFS occur, OMR flows will be restricted to no more negative than -3,500 cfs and -
2,500 cfs, respectively, for 14 days. These additional OMR restrictions are intended to minimize ongoing
salvage events, providing time for larvae at risk in the central and south Delta time to develop the ability
to vertically migrate and move out of the zone of influence. This is expected to reduce entrainment into
CCF until local water temperature increases, potentially cueing downstream movements of early life
stages, and increasing the likelihood that larval and juvenile LFS reach important rearing habitat
downstream of the confluence of the Sacramento and San Joaquin rivers and out of the zone of
influence of the export pumps. As a result, Condition of Approval 8.4.2 will minimize take by reducing
the entrainment of larval and juvenile LFS into the south Delta and subsequently into CCF. This will be
accomplished by reducing the magnitude of reverse OMR flows when LFS larvae and juveniles are
known to be present in sizable numbers in the lower San Joaquin River. This Condition of Approval will
require DWR to manage SWP exports to limit the magnitude of reverse OMR flows when larval and
juvenile catch in the Lower San Joaquin River exceed thresholds specified in Condition of Approval 8.4.2
and hydrologic conditions are not conducive to transporting larval and juvenile LFS downstream.
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Figure 19: Total Longfin Smelt (LFS) catch at CDFW stations 809 and 812 and subsequent salvage of juvenile LFS in
the following 14 days for both Smelt Larva Survey (SLS) and 20-mm Survey. Red points indicate data from dry and
critical water year types and blue values from all other water year types. Figure copied from Tillotson personal
communication 2023.

6.6.2. Barker Slough Pumping Plant

Condition of Approval 8.10.2—- Barker Slough Pumping Plant Larval Longfin Smelt Protection

Larval and young juvenile LFS are exposed to greater risk of entrainment at Barker Slough during dry and
critical years when outflow is low (Appendix A). Adult LFS appear to stage in low salinity habitat prior
making brief runs into fresh or brackish water to spawn. In years with low outflow, and associated
higher X2, adult LFS utilize more upstream regions of the Delta including Cache Slough for spawning (see
section 4.1; USFWS 2022). As a result, young of year LFS tend to be distributed further upstream in years
with low outflow (Dege & Brown 2004; USFWS 2022). The fate of newly emerged larvae is strongly
influenced by hydrology, and the individuals that hatch near the BSPP are at high risk of entrainment
until they develop sufficiently to volitionally move within the water column and move downstream,
away from BSPP.

Condition of Approval 8.10.2 will minimize take of larval LFS by limiting diversion rates during critical and
dry years when fish are most likely to be in the area. Specifically, DWR is required to limit BSPP exports
from January 1 to March 31 to a maximum seven-day average diversion rate less than 100 cfs in dry and
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critical water years. By managing exports during this identified period, this will minimize the risk of take
for much of the larval fish hatching in the area. However, some early hatched larvae may be at risk if
BSPP export rates are greater than 100 cfs in December. Although positive barrier fish screens like those
in Barker Slough have been shown to exclude larval fishes smaller than their design criteria (Nobriga et
al. 2004), their effectiveness at screening these smaller fish is assumed to be low, especially when
located at the end of a terminal slough, like Barker Slough, where there are no sweeping flows to assist
fish in avoiding the intake facility.

Historically, larval and young juvenile LFS (FL less than 25 mm) have been caught in the north Delta after
January 1 by SLS. and catch in the north Delta is more common in dry and critical water years (Figure
20). As a result, export restrictions for BSPP during dry and critical years through this Condition of
Approval will minimize take of larval and young juvenile LFS by curtailing exports when they are
expected to be at the greatest risk of entrainment. By March 31, the distribution of LFS larvae has
shifted downstream toward rearing habitat in the LSZ and away from the influence of BSPP. Additionally,
the majority of the LFS that remain in the region are expected to have grown to a size where the screens
would be considered sufficiently protective, thus the export restrictions intended to minimize take of
younger LFS juvenile and larvae can be relaxed.
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Figure 20: Longfin Smelt fork lengths over time from 1997-2023. Red circles indicate 20-mm Survey (20-mm)
catches, and blue triangles indicate Smelt Larva Survey (SLS) catches. Size of the shapes indicate number of raw
catch of that fork length for the day.
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6.7. Spring Outflow

Condition of Approval 8.12 will require DWR to reduce exports and provide additional flows during the
spring period to minimize Project impacts to spring outflow, and by association, minimize take of LFS via
reductions to outflow. Increased spring outflow facilitates the downstream dispersal of larvae and
juveniles, which reduces entrainment into the south Delta, and provides greater quantity and quality of
rearing habitat in the upper estuary and Delta. Minimizing the impacts to spring Delta outflow is
anticipated to minimize impacts to growth and survival of larval and juvenile LFS. The relationship
between LFS abundance and spring outflow will continue to be evaluated through the Longfin Smelt
Science Program (LFSSP) which has begun working on a LFS life cycle model to measure the effect of
spring outflow on LFS growth, condition and health metrics that can be used to assess variation in
survival probability between spring outflow minimization scenarios.

Implementation of Spring Delta Outflow will be achieved one of two ways. Condition of Approval 8.12.1
(Spring Delta Outflow Via Export Curtailments) requires DWR to deploy spring Delta outflow in April and
May each year consistent with Condition of Approval 8.17 in the 2020 ITP (CDFW 2020a). Specifically,
DWR is required to reduce exports from April 1 to May 31 each year to achieve the SWP proportional
share (Condition of Approval 8.7) of export reductions established by the ratio of Vernalis flow (cfs) to
combined CVP and SWP exports, scaled by water year type, to provide incidental spring outflow. In a
critically dry year, the ratio of Vernalis flow to CVP and SWP combined exports shall be 1 to 1. Ina dry
year, the ratio of Vernalis flow to CVP and SWP combined exports shall be 2 to 1. In a below normal
year, the ratio of Vernalis flow to CVP and SWP combined exports shall be 3 to 1. In an above normal or
wet year, the ratio of Vernalis flow to CVP and SWP combined exports shall be 4 to 1%, In wet years SWP
export curtailments required by this Condition of Approval for spring outflow in April and May are
limited to 150 TAF. For the purposes of this Condition of Approval the San Joaquin Valley “60-20-20"
Water Year Hydrologic Classification and Indicator as defined in the Bay-Delta Plan (SWRCB 2006) is
used.

Additionally, as a part of Condition of Approval 8.12.1, DWR is not required to restrict operations as
described above under either of the following circumstances: 1) if the three-day average Delta outflow is
greater than 44,500 cfs, then Project operations are not controlled by this Condition until the flows drop
below 44,500 cfs on a three-day average, and 2) DWR is not required to restrict exports at the Banks
Pumping Plant below its minimum health and safety exports of 600 cfs.

In years when the HRL is implemented, Condition of Approval 8.12.2 (Spring Delta Outflow Via the
Healthy Rivers and Landscapes Program) requires DWR to provide 50 TAF of Delta inflow that is
dedicated to Delta outflow in March of dry, below normal, and above normal water years which DWR
will facilitate through upstream land fallowing and subsequent reservoir releases, unless approved by
CDFW to deploy flows in April or May. It also requires DWR to provide SWP south Delta foregone

2 Ratio adjustments for multi-year droughts as outlined in the 2009 NMFS Central Valley Operations Biological
Opinion would apply.
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exports in April and May of HRL water years. Specifically, DWR is required to provide 92.5 TAF of Delta
outflow via export reductions in dry and below normal water years, and 117.5 TAF in above normal
water years (see Table 5 of the ITP). DWR may deploy export reduction flows in March or June, if
approved by CDFW. 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 8.12.1 was implemented and concluded that they are equivalent (DWR 2024c).

Both Spring Delta Outflow scenarios were evaluated through CalSim 3 modeling as part of the ITP
application (DWR 2023). The ITP Spring modeling scenario incorporates SWP operations consistent with
Condition of Approval 8.12.1. The 9A_V2A modeling scenario incorporates SWP operations consistent
with Condition of Approval 8.12.2. Modeled impacts to LFS are similar between baseline conditions (i.e.,
conditions required by the 2020 SWP ITP) and the two project alternatives, with scenario 9A_V2A having
slightly higher levels of entrainment based on more negative OMR flows in May of below normal, above
normal, and wet water years (Appendix A). The 9A_V2A modeling scenario depicting implementation of
Condition of Approval 8.12.2 shows incremental reductions to spring outflows compared to modeled
export curtailment approaches, however both scenarios minimize Project effects on spring outflow
during the important spring months.

Additionally, the relationship between LFS abundance and spring outflow will continue to be evaluated
through the Longfin Smelt Science Program (LFSSP) as part of the Adaptive Management Program (ITP
Attachment 4 and Condition of Approval 8.15). This program includes the development of a new LFS life
cycle model which can be used to analyze the effect of spring outflow on LFS growth, condition, and
health metrics that can be associated with variation in survival probability.

6.8. Longfin Smelt Science and Monitoring Initiatives

DWR, in coordination with Reclamation, will support the implementation of the Longfin Smelt Science
Program (LFSSP). DWR and CDFW, in collaboration with the State Water Contractors and USFWS,
developed the LFSSP to meet a requirement in the 2020 ITP (CDFW 2020a), and the LFSSP was finalized
on December 8, 2020. The purpose of the LFSSP is to provide a framework for LFS science investments
through 2034 including six key priority areas:

1. Life cycle modeling

2. LFS culture

3. Factors affecting abundance, growth, and survival
4. Improved distribution monitoring

5. Fish migration and movements

6. Spawning and rearing habitats for LFS

Together, investigation and implementation of these key priority areas will improve our understanding
of LFS ecology in the SFE and inform future refinements to minimization and mitigation measures
required to reduce and offset the impacts of SWP operations on LFS. The Longfin Smelt Technical Team
is charged with implementation and oversight of the science conducted under the LFSSP.

The LFS life cycle model will be used as a quantitative tool to characterize the effects of abiotic and
biotic factors on the LFS population. The LFS life cycle model, prioritized in the LFSSP and currently
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under development, is intended to be a decision support tool for agencies to predict the effect of
proposed management actions on the population dynamics of LFS. In addition to its use as a predictive
tool, the LFS life cycle model will address questions relating to spatial and temporal differences in vital
rates, as well as other possible scientific hypotheses related to LFS population dynamics. LFS science and
monitoring informed by the life cycle modeling efforts will continue through 2034.

6.9. End of OMR Management: Salmon and Smelt Temperature Off-ramps

Section 9.7 of this Effects Analysis discusses minimization provided by Condition of Approval 8.6 for
juvenile DS entrainment into the south Delta and SWP export facilities. Condition of Approval 8.6
maintains OMR Management until increasing water temperatures cue DS and LFS emigration from the
Delta. Prolonged exposure to water temperatures of 25°C or greater is lethal for juvenile DS and LFS. As
water temperatures approach 25°C, DS and LFS are believed to emigrate from the south Delta. Since
2010, such temperatures have been observed by late June or soon after (Section 9.5). For these reasons,
waiting to offramp OMR Management until there are three days of 25°C or greater in CCF, or until June
30, whichever comes first, effectively minimizes take of DS and LFS.

6.10. Additional Measures

Additional measures are those which are designed specifically to avoid and minimize take and impacts
of the taking on a Covered Species other than LFS, but will provide ancillary protections to LFS when
implemented. The following describes these additional measures and how they further contribute to
avoidance and minimization of LFS take and impacts of the taking.

Condition of Approval 8.2.1 - Natural-origin Winter-run Chinook Salmon Early Season Weekly Loss
Thresholds

This Condition of Approval will limit exports to achieve a 7-day average OMR index of no more negative
than -5,000 cfs for seven consecutive days when weekly loss of genetically verified CHNWR or CHNSR
exceeds weekly loss thresholds. This Condition of Approval will be active from November 1 through
December 31. If the thresholds are exceeded during this time and exports are limited, it will reduce the
impacts to and take of adult LFS that are migrating and spawning in the Delta by reducing the magnitude
of negative OMR flow, because the magnitude of negative OMR flow is positively correlated with salvage
of LFS (Grimaldo et al. 2009).

Condition of Approval 8.3.1 — First Flush Action

This Condition of Approval will limit exports to maintain a 14-day average OMR index no more negative
than -2,000 cfs for 14 consecutive days after the date when the first flush conditions are met. This
Condition of Approval will be active between December 1 and the last day of February. This reduction of
negative OMR flows will reduce the impacts to and take of adult LFS that are migrating and spawning in
the Delta during the December to February period, because the magnitude of negative OMR flow is
positively correlated with salvage of LFS (Grimaldo et al. 2009). Similarly, if exports are limited in
response to this Condition of Approval during January and February, impacts and take will be reduced
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for larval and juvenile LFS that are present in the central and south Delta by reducing the magnitude of
negative OMR flow.

Condition of Approval 8.3.2 — Adult Delta Smelt Entrainment Protections

This Condition of Approval will limit exports to maintain a 5-day average OMR index no more negative
than -3,500 cfs when the turbidity at OBl is 12 (FNU) or higher. This Condition of Approval will be active
after the First Flush Action (Condition of Approval 8.3.1) or December 20, whichever comes first, and
end when the three-day continuous average water temperatures at Jersey Point or Rio Vista reach 12 °C
(typically in February or March). If Condition of Approval 8.3.2 is implemented from December through
February, it will reduce the impacts to and take of adult LFS that are migrating and spawning in the Delta
by reducing the magnitude of negative OMR flow. Similarly, if Condition of Approval 8.3.2 is
implemented from January to March, it will minimize the impacts to and take of larval and juvenile LFS
present in the central and south Delta by reducing the magnitude of negative OMR flow.

Condition of Approval 8.4.1 — Larval and Juvenile Delta Smelt Entrainment Protections

This Condition of Approval will limit exports to maintain a 7-day average OMR index no more negative
than -3,500 cfs when the average Secchi depth in the central and south Delta is 1m or less across 12
stations in the 20 mm and SLS surveys (809, 812, 815, 901, 902, 906, 910, 912, 914, 915, 918, 919). This
Condition of Approval will be implementable as soon as the three-day continuous average water
temperatures at Jersey Point or Rio Vista reach 12 °C (typically in February or March) through the end of
OMR Management. This will reduce the impacts to and take of larval and juvenile LFS that are present in
the central and south Delta by reducing the magnitude of negative OMR flow (Grimaldo et al. 2009).

Condition of Approval 8.4.3 — Winter-run Chinook Salmon Annual Loss Threshold

This Condition of Approval will limit exports to maintain a 7-day average OMR index of no more negative
than -3,500 or -2,500 cfs for seven consecutive days when annual loss of natural or hatchery CHNWR
exceeds 50% or 75% of their respective calculated annual loss threshold. This Condition of Approval will
be active between July 15t and June 30™. If Winter-run thresholds are exceeded from November to April,
export reductions will reduce the impacts to and take of adult LFS that are migrating and spawning in
the Delta by reducing the magnitude of negative OMR flow, because more negative OMR flows are
associated with increased salvage of LFS (Grimaldo et al. 2009). Similarly, if the thresholds are exceeded
from December to June and exports are limited, it will reduce the impacts to and take of larval and
juvenile LFS that are present in the central and south Delta by reducing the magnitude of negative OMR
flow.

Condition of Approval 8.4.4 — Natural-origin Winter-run Chinook Salmon Weekly Distributed Loss
Thresholds

This Condition of Approval will limit exports to maintain a 7-day average OMR index of no more negative
than -3,500 for seven consecutive days when the weekly loss of CHNWR exceeds the loss threshold
(Table TBD in the ITP). This Condition of Approval will be active between January 1 and the end of OMR
Management (Condition of Approval 8.6). If the thresholds are exceeded from January to April, it will
reduce the take of adult LFS that are migrating and spawning in the Delta by reducing the magnitude of
negative OMR flow, because the magnitude of negative OMR flow is positively correlated with LFS
salvage (Grimaldo et al. 2009). Similarly, if the thresholds are exceeded from January to June and
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exports are limited, it will reduce the impacts to and take of larval and juvenile LFS that are present in
the central and south Delta by reducing the magnitude of negative OMR flow.

Conditions of Approval 8.4.5 - Spring-run Chinook Salmon Protection Action and Surrogate Annual Loss
Thresholds

This Condition of Approval will limit exports to maintain a 7-day average OMR index of no more negative
than -5,000 (in November or December) or -3,500 cfs (on or after January 1) for seven consecutive days
when the cumulative loss threshold for each CHNSR surrogate group is exceeded (see thresholds in
Condition of Approval 8.4.5). This Condition of Approval will be active between November 1 and the end
of OMR Management (Condition of Approval 8.6). If the thresholds are exceeded from November to
April, it will reduce the impacts to and take of adult LFS that are migrating and spawning in the Delta by
reducing the magnitude of negative OMR flow (Grimaldo et al. 2009). Similarly, if the thresholds are
exceeded from December to June, it will reduce the impacts to and take of larval and juvenile LFS that
are present in the central and south Delta by reducing the magnitude of negative OMR flow.

Conditions of Approval 8.10.1 — Barker Slough Pumping Plant

This Condition of Approval will limit exports to maintain a 7-day average diversion rate at BSPP of less
than 60 cfs in April or 100 cfs in May and June when catch of larval DS in the north Delta exceeds the
respective thresholds in dry or critically dry years (as described in Section 1379.6.2). If the thresholds are
exceeded from April to June, it will reduce the impacts to and take of larval LFS that are present in the
north Delta by limiting the magnitude of BSPP diversion rates.

7. Mitigation for Take and Impacts of the Taking of
Longfin Smelt

7.1. Longfin Smelt Culture Program

The intent of the Longfin Smelt Culture Program is to advance the science needed to propagate LFSin a
culture setting with the ultimate goal of establishing and maintaining a robust, genetically managed
refuge population of LFS. This refuge population would serve two primary functions: 1) to buffer the LFS
population from potential extirpation from the SFE and 2) to provide a source of LFS that can be used for
research purposes, as guided by the Longfin Smelt Technical Team and the Adaptive Management
Program (Condition of Approval 3.11). DWR funding for the program is required by Condition of
Approval 9.1.5.

UC Davis FCCL began culturing LFS in water year 2011. Since its initiation, the Longfin Smelt Culture
Program has expanded and now includes facilities at the UC Davis Bodega Marine Lab and UC Davis
Center for Aquatic Biology and Aquaculture. Improvements in the science behind culturing LFS in
captivity have resulted in increased survivorship of all life stages, in large part due to the successful
transition from live food to prepared pellets, and the completion of the life cycle in captivity.
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The Longfin Smelt Culture Program will facilitate research to provide a more thorough understanding of
the species life history, thereby improving our ability to manage the species and develop effective
minimization and mitigation measures. Specifically, research using cultured LFS is expected to provide
critical information regarding reproduction, growth, and responses to various stressors such as
suboptimal environmental conditions or changes in food resources. This type of information is critical to
inform the development of the life cycle model, and to identify habitat requirements that could be
addressed through management actions (i.e. flow, restoration, etc.). By providing LFS for research
purposes the Longfin Smelt Culture Program will facilitate both laboratory and field approaches (i.e.
enclosures) to better understand how the species physiology, ecology, and genetics respond to different
environmental variables and management actions.

Condition of Approval 9.1.5 will require DWR to fund and support the establishment of this program.
The importance of a captive population to utilize both for research and for buffering against
catastrophic events will contribute to mitigating project operations by securing a necessary conservation
tool through the end of the permit term and benefit implementation of the Adaptive Management
Program by facilitating improved understanding of species needs through focused lab and field studies.

7.2. Habitat Restoration for Longfin Smelt

There are numerous studies demonstrating the negative effects of decreased Delta outflow as a result of
water exports on food resources within the Sacramento-San Joaquin Delta (Kimmerer and Nobriga 2008,
Kratville 2008, Mac Nally et al. 2010, Hennessy and Burris 2017, Hammock et al. 2019b) as detailed in
Section 10.4. Restoration of tidal wetlands will partially mitigate this loss of food resources within the
SFE. Tidal wetlands are productive habitats that have the capacity to export food resources to
surrounding waterbodies (Odum 1980) or serve as foraging habitats for native fish (IEP 2017). The
restoration of the Alviso Marsh Complex within the southern SFE resulted in an increase in zooplankton
biomass that also correlated with an increase in LFS feeding (Lewis et al. 2020, Barros et al. 2022). Other
studies also observed LFS presence in recently restored habitats within Humboldt Bay and the Eel River,
further suggesting that LFS could respond to habitat restoration (Garwood 2017). Condition of Approval
9.1.2 identifies the remaining restoration requirements that were initially established in the 2009 CDFG
Incidental Take Permit (CDFG 2009b, 800 acres of wetland restoration) allocated to mesohaline habitats
where LFS forage. The 2020 ITP (CDFW 2020a) required an additional 396 acres of tidal wetland
restoration. Although the efficacy of the restoration efforts has yet to be determined for LFS, there are
ongoing monitoring projects quantifying invertebrate food resources within restored tidal wetlands and
assessing LFS use and occupancy of the restored habitat (see Section 10.4 for more details).

8. Take and Impacts of the Taking on Delta Smelt

Section 4.2 describes the life history and ecology of DS in the Delta, Suisun Marsh and Suisun Bay.
Following the description of DS life history and ecology in Section 4.2, Section 8 describes the overlap
between Project operations and DS life histories, explaining the ways in which Project operations result
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in take and impacts of the taking of DS. Here, and in other sections of this document, we refer to
hydrodynamic modeling that was conducted for the ITP application (DWR 2023) and provided by DWR
that included Calsim, DSM2, DSM2 PTM, and Dayflow. These data and model outputs were used to
describe larval, juvenile, and adult DS entrainment in relation to CVP and SWP operations as well as the
BSPP.

Additionally, water exports from the south Delta SWP and CVP facilities create hydrodynamic conditions
that result in fish entrainment into the south Delta and subsequently the export facilities (Brown et. Al
1996, Kimmerer 2008, Grimaldo 2009). Using adult DS as an example, an analysis of salvage identified
hydrodynamics (total exports, OMR flow), water quality (turbidity), and population abundance as the
most important factors influencing salvage (Grimaldo et al. 2017). More specifically, SWP exports, Yolo
Bypass flows, and DS abundance best explained adult DS salvage at the SWP across the entrainment
season, whereas species abundance, OMR flows, and turbidity best explained adult DS salvage through
the entire entrainment season at the CVP (Grimaldo et al. 2017). Because salvage at both the SWP and
CVP fish facilities were found to be determined either directly by SWP exports or by local hydrodynamic
conditions strongly influenced by SWP exports (OMR flow), entrainment risk of DS attributable to the
SWP is best assessed by evaluating patterns of DS salvage at both the SWP and CVP facilities as
combined salvage. Currently, combined salvage from both the SWP and CVP fish facilities provides the
only means to effectively extrapolate the effects of the south Delta SWP export operations on
entrainment of fishes into the central and south Delta (Smith 2019). Therefore, we use salvage at both
the SWP and CVP fish facilities for our analyses of entrainment risk resulting from SWP operations.

8.1. Larval Delta Smelt

Larval DS typically begin hatching as early as March and are present in the Delta through June (Figure
21,Table 9). The distribution of larvae is assumed to be a function of hatching location and local
hydrology which facilitates their movement immediately post-hatch. Newly hatched larvae are surface
oriented for a short period after hatching, and then likely bottom-oriented when not feeding
(Baskerville-Bridges et al. 2004b; Bennett 2005). They are inefficient at using a vertical-migration
retention strategy until they develop an air bladder (Bennett et al. 2002) which occurs between 14 and
20 mm (Bennett 2005). Prior to air bladder inflation, larval DS remain partially susceptible to transport
by tidal flows or net flows resulting from inflows and exports (Figure 22). For these reasons, larvae that
hatch within or near the hydrodynamic influence of the SWP and CVP export facilities are at risk of
entrainment into both facilities. Since the SWP began operating in 1968, south Delta exports during the
spring tend to be high enough to cause net OMR flows to be consistently, and often strongly, negative.
Such negative flows draw water through the interior Delta towards the SWP and CVP export facilities
(Figure 23). Historically, larvae (i.e., fish less than 20 mm in length) were not identified or counted at
either fish salvage facility, but starting in 2008 larval smelts have been identified and reported as
present when encountered (Morinaka 2013a). Even though the fish facilities were not designed to
salvage larvae, smelt larvae have been regularly detected since the 2008 when protocols focused on
larval fish detections were implemented (see Table 4 in Section 5.1).
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Figure 21: Total catch by life-stage per month of Delta Smelt from the 20-mm Survey, 1995-2022.
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Table 9: Total catch of Delta Smelt larvae by fork length (mm) and month of capture in the Smelt Larva Survey,
2009-2023. No larvae larger than 12 mm have been detected by the Smelt Larva Survey.

Fork length
(mm)

12
Grand total
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Figure 22: Mean monthly spring (Mar-Jun) Delta inflow (top), spring total State Water Project and Central Valley
Project exports (middle) and spring X2 location in km (bottom) for 1960 through 2021 (top and middle), 1980
through 2021 (bottom). Loess smoother line shown but not used in an analysis. Gray shading represents the 95%
confidence interval for the smoother.
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Figure 23: Mean monthly spring (Mar-Jun) Old and Middle River (OMR) flows for 1987 through 2022. Dashed line at
-5,000 cfs for reference. Loess smoother line shown but not used in an analysis.

8.1.1. Banks Pumping Plant and Clifton Court Forebay

Take of DS larvae in the form of mortality will occur as a result of operations of the SWP south Delta
export facilities. The areas where authorized take of DS is expected to occur include CCF and Banks
Pumping Plant located about 12.9 km northwest of the city of Tracy. Operations of the CCF and Banks
Pumping Plant will result in take of all life stages of DS except eggs. During regular maintenance
activities Banks pumping plant ceases operations and the CCF radial gates remain closed preventing
additional fish from entering CCF. Hatching typically begins in March and can last through June, with
most larvae transitioning to the juvenile stage (greater than or equal to 20 mm) by July (Figure 21, Table
9). Recently hatched DS larvae are rarely detected in the south Delta but are more common in the lower
San Joaquin River channel, where they are still at risk of entrainment (Table 10). After 2008, when both
the CVP and SWP fish salvage facilities implemented sampling for larval smelt presence, DS larvae were
detected annually in salvage at one or both facilities despite export restrictions promulgated by the
2008 and 2009 Biological Opinions. After 2015, larval DS have only been detected once at the salvage
facilities (see Table 4 in Section 5.1). DS larvae likely benefit from increased outflow during the larval
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period, which can transport them toward Suisun Bay, reducing entrainment in the south Delta (see
discussion below and in Section 5.1).
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Table 10: Frequency of newly hatched Delta Smelt (DS) yolk-sac larvae collected by survey station and year in the
Delta by the Smelt Larva Survey, 2011-2023 (i.e., years when yolk-sac presence was noted). No yolk-sac larvae were
collected in Suisun Marsh. All were collected in March surveys (last surveys of the year), though presence of 9-11
mm larvae in March indicates some hatching in February. No larvae were collected from the stations below in 2017,
2020, 2021, and 2022. Stations with no catch of DS are highlighted in gray.

Sampling o ion | 2011 2012 2013 2014 2015 2016 2018 2019 2023 ©°r2nd
region total

sacramento ), 0 13 4 0 0 1 0 0 0 18
River

sacramento ¢ 0 4 20 1 0 0 0 0 0 25
River

sacramento .. 0 15 0 1 0 3 1 0 1 21
River

Sacramento ., 0o 13 2 1 0 0 0 1 0 17
River

Near Barker 0 20 9 1 1 0 0 0 0 31
Slough

Near Barker 2 9 19 4 0 0 0 0 0 34
Slough

sanJoaquin g5 0 9 2 1 0 0 1 0 0 13
River

sanjoaquin g, g 2 0 0 0 0 0 0 0 2
River

sanJoaquin g5 0 6 0 1 0 0 1 0 0 8
River

sanJoaquin g, 0 7 8 0 0 0 0 0 0 15
River

sanJoaquin g, 0 4 1 0 0 0 0 0 0 5
River

sanloaquin g0 | 2 0 0 0 1 0 0 0 3
River

Mokelumne 4/ g 0 2 0 0 0 0 0 0 0 2
River

SouthDelta 901 | 0 2 0 0 0 0 o 0 0 2

SouthDelta 902 | 0 0 1 0 0 0 o 0 0 1

Allregions 2™ | 5 108 e 10 1 5 3 1 1 197

total
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As mentioned above, salvage data for DS less than 20 mm FL is sparse due to the sampling limitations at
SWP and CVP fish facilities. As a result, PTM have become the main tool used to quantify entrainment of
larval fishes under varying hydrological conditions. Previous applications of PTM to understand larval
entrainment as it related to SWP operations showed that negative OMR flows, under certain
hydrological conditions, can have high particle entrainment (more than 50% of particles injected)
(Appendix A; Kimmerer and Nobriga 2008). Both Grimaldo et al. (2009) and Smith (2019) demonstrated
that intra-annual salvage of older and slightly larger DS juveniles (greater than 20 mm FL) was best
explained by the magnitude of negative OMR flow, turbidity and 20-mm Survey abundance. Essentially,
juvenile DS salvage increases with more negative OMR, higher turbidities in the south Delta, and high
juvenile abundance. DSM2 modeling suggests that OMR flows will be similar between baseline
conditions and the two project alternatives (ITP_Spring and 9A_V2A) in April with slightly more negative
OMR flows expected in May under scenario 9A_V2A in below normal, above normal, and wet water year
types (Appendix A).

During wet periods, the San Joaquin River and eastern Delta tributaries (Mokelumne, Cosumnes, and
Calaveras rivers) may provide enough flow to generate positive OMR flows despite SWP and CVP exports
(cf. data for 2011, 2017 and 2019 in Figure 22 and Figure 23). These inflow conditions, and associated
positive OMR flows, would tend to transport larval DS downstream out of the lower San Joaquin River
and northern portion of the south Delta, toward Suisun Bay. This transport reduces or eliminates their
risk of entrainment. These wet flow conditions also result in strong, net positive flows in the lower San
Joaquin River (i.e., positive QWEST), which also tend to transport pelagic organisms in the main stem
San Joaquin River channel toward Suisun Bay (CDFG 2009d; Appendix A). Under such high outflow
conditions, any larvae in the immediate vicinity of CCF will likely remain at great risk of entrainment
(Appendix A). However, because of high flows entering the Delta from the south and east satisfy export
needs, OMR flows are necessarily less negative from the north (e.g., mean monthly March-June total
exports and OMR: 2011 exports = 6,430 cfs, OMR = +1,804 cfs; 2017 exports = 6,881 cfs, OMR = + 4,304
cfs; 2019 exports = 5,680 cfs, OMR = +953 cfs; Figure 22 and Figure 23) and the area influenced by
exports is substantially reduced, which can be inferred by the varying effect on OMR. Thus, DS that are
not in the immediate vicinity of CCF under these very high outflow and positive OMR conditions are at a
very low risk of entrainment.

Newly hatched DS present in the south Delta (Table 10) are at high risk of entrainment during all but the
lowest export levels (Kimmerer and Nobriga 2008). Larvae entrained into CCF are assumed lost to the
population because they cannot volitionally leave CCF once inside, and small fish are very inefficiently
diverted from exports and salvaged (Brown et al. 1996). Finally, fish less than 20 mm FL that happen to
get salvaged are not likely to survive the process of collection, handling, transport, and release (Aasen
2013; Afentoulis et al. 2013; Bennett 2005; Morinaka 2013b).

In addition to direct forms of take identified above, operations of the SWP also result in indirect impacts
to DS larvae. These impacts include increased vulnerability to predation within CCF and the south Delta,
similar to larger DS and other fishes (Castillo et al. 2012, Grossman 2016). Additionally, reduced
residence times and direct entrainment of food web resources (Arthur et al. 1996; Hammock et al.
2019b; Kimmerer et al. 2019) are believed to reduce feeding opportunities within the south Delta,
reducing habitat suitability in the south Delta for DS (Nobriga et al. 2008; see citations and discussion in
Section 5.1).
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8.1.2. Barker Slough Pumping Plant

The BSPP is within the range of DS spawning and early rearing habitat (Table 10) and PTM runs have
shown the potential for entrainment as spring turns into summer and north Delta exports increase
(Figure 9; Appendix A). Incidental take of larval DS in the form of entrainment and impingement
resulting in mortality may occur as a result of operations of the BSPP. Although the BSPP possesses a fish
screen, it is not designed to be protective of fish less than 25 mm FL (CDFG 2009d). The facility is located
at the upper end of a terminal slough where weakly swimming larvae can be drawn toward the screens
and entrained or impinged, unless they grow to sufficient size to avoid weak entrainment flows. The
configuration of the channel and location of pumps and screens does not allow net or tidal currents to
sweep larvae past the screens, which might otherwise reduce entrainment.

The area where take of larval DS is expected to occur is approximately 16 km from the mainstem
Sacramento River at the upper, northwestern end of Barker Slough. The maximum pipeline capacity at
BSPP is 175 cfs, though DWR’s normal pumping rate at BSPP is between 0 cfs and 130 cfs. This diversion
is operated year-round, except for a brief maintenance period, which typically occurs in March.
Recently, exports have tended to be relatively low during winter and early spring, and increase from
spring through the summer (Figure 9) when DS larvae densities are increasing in the Delta (Figure 21). A
review of PTM run results showed that entrainment of surface-oriented particles was nonlinearly
related to average pumping rate. Surface-oriented particles best represent newly hatched DS larvae that
are positively buoyant and display phototactic behavior (Baskerville-Bridges et al. 2005). Neutrally
buoyant particles may adequately represent the behaviors of slightly older larvae that have absorbed
their yolk sac and small juveniles (less than 25 mm FL), both of which are more evenly distributed
throughout the water column (Baskerville-Bridges et al. 2004b; Bennett 2005). Neutrally buoyant
particles modeled from April — June have a positive linear relationship between entrainment and export
rates with particle entrainment between 0% and 10%. These results indicate the potential for
entrainment impacts on larval DS when present (Appendix A; Figure A-127). The proportion of particles
entrained increases from April through June as BSPP and other local agricultural diversions increase
seasonally (CDFG 2009d; Figures 13-15, Appendix A; Figure A-125). Together these two forms of
entrainment could degrade DS rearing habitat in Barker Slough, Lindsay Slough and the greater Cache
Slough complex. As noted in Section 4.2.1.3, the risk of entrainment for larval DS is greatest in critical
and dry water years when low outflow reduces downstream dispersal of larvae and BSPP export rates
increase (DWR 2024a).

Incidental take may also occur as a result of maintenance of BSPP facilities and of adjoining water ways.
BSPP maintenance activities include fish screen cleaning, sediment removal, and aquatic vegetation
removal. During fish screen cleaning, half of the pumps corresponding to the fish screens being cleaned
are shut down and the fish screens are removed from the water for power washing. While the fish
screens are removed, fish can move freely into and out of the intake bays. This process occurs monthly,
as needed. During sediment removal, sediment accumulated on the bottom of BSPP forebay, on the
concrete apron at the base of the fish screens, and in the pump wells is removed and disposed of offsite.
Accumulated sediment is removed from the trap and concrete apron by suction dredge during the
annual North Bay Aqueduct shutdown in March or from June 1 through October 15. Removal may take
up to two weeks to complete and a biological monitor will observe and record fish data from the
removed sediment. Removal of sediment from within the pump wells can occur as needed, year-round.
Any eggs deposited on or in the immediate vicinity of the concrete apron at the fish screen will be taken
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during sediment removal if conducted during the late February through May egg incubation period. As
described earlier in this section, larvae that hatch from eggs deposited in the immediate vicinity of the
concrete apron are likely to be entrained or impinged during normal operations due to the planktonic
nature of DS larvae and their weak swimming ability. Additionally, any larvae hatching within the
immediate vicinity of the fish screen, or within the BSPP forebay in front of the fish screen, are assumed
to be lost to the population due to entrainment or lethal impingement as a result of exports at the BSPP.
As a result, any additional disturbance caused by clearing the fish screen of debris or vegetation would
not result in additional take.

During aquatic vegetation removal, pumps corresponding to the fish screens being cleaned are shut
down and aquatic vegetation impinged on the fish screens is removed using a weed rake. This process
occurs year-round; however, removal is primarily needed during summer and fall months when aquatic
vegetation production is highest. Within the BSPP forebay, a boat-mounted aquatic vegetation harvester
is used on an as-needed basis to remove aquatic vegetation. Accumulated aquatic vegetation, from both
the fish screens and forebay, is transported to a spoil site and retained for biological sampling if
biological monitoring is triggered. As noted above, aquatic vegetation removal from within the forebay
is not expected to result in additional take. Take and impacts of the taking as a result of aquatic
vegetation removal outside of the embayment are unknown at this time and will depend upon when the
work occurs and the size and scope of the removal effort, and the presence of DS eggs and larvae. Work
in the approximate time frame of July 1 through October 31 will have a reduced impact on DS because
the species should be fully mobile and able to avoid affected areas. Chemical and physical methods of
vegetation control are both expected to result in direct mortality and take, if larvae are present (March
through June). Moreover, negative effects might increase if BSPP exports increase just prior to this
period and draw more larvae into Barker Slough or retain more larvae in the affected area.

8.1.3. Suisun Marsh Facilities

Physical facilities in the Suisun Marsh and Bay include the SMSCG, the RRDS, the MIDS and the GYSO.
Additional facility details are provided in the ITP Project Description, Section 2.1.1.5 of the FEIR (DWR
2024b), and in Section 5.1.3.

Suisun Marsh Salinity Control Gates

A description of the location, design, and effects of operation of the SMSCG is provided in Section 5.1.3.
The SMSCG, while in operation, have the potential to cause short-term increases in Montezuma Slough
residence time in the winter and early spring as well as the summer if Condition of Approval 9.1.3 is
active. However, larval DS are rarely detected near the SMSCG in early spring and detections begin
decreasing in June, therefore impacts from SMSCG on larval DS are expected to be minimal (Figure 21).
Potential increases in larval residence time in Montezuma Slough could be beneficial or detrimental
depending upon circumstances for any larval DS present. Increased residence time for water and larvae
could allow for coincidental food production and improved foraging and fish development. Faster
development, in turn, could lead to more rapid improvement in salinity tolerance and swimming ability.
Conversely, increased residence time could position some larvae near the RRDS intakes just west of the
control gates and increase entrainment into the RRDS.
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Roaring River Distribution System

The RRDS begins at Montezuma Slough just west of the SMSCG and runs westward through Grizzly
Island to Grizzly Bay. Water is diverted from Montezuma Slough on high tides into the RRDS through a
bank of eight 1.5 m diameter culverts equipped with fish screens that empty into a 40-acre intake pond
raising its water surface elevation above that of adjacent managed wetlands. The pond helps control
water levels in the slough running through Grizzly Island used to deliver water to managed wetlands
north and south of the system near Grizzly Bay.

The RRDS intakes are screened and physically exclude fish greater than 25 mm FL. These screens provide
some benefit for avoiding entrainment of smaller larval fish: similar screens have been shown to reduce
entrainment of fish less than 25 mm FL, although they are not as effective for this size class (Nobriga et
al. 2004). RRDS can result in take of individuals via passage through the screen and subsequent diversion
onto managed wetlands where bird predation or water temperatures would likely be lethal.
Impingement of small juveniles on the fish screens is also possible, although slow approach velocities
should keep this to a minimum. The risk of entrainment of larval DS at RRDS remains unquantified.

Morrow Island Distribution System

The MIDS consists of three 1.2 m culverts without fish screens that divert water from Goodyear Slough
through a distribution channel bisecting Morrow Island and discharge into Suisun Slough and Grizzly
Bay. MIDS is used year-round, but most intensively from September through June. Thus, operations
could entrain larval DS. Enos et al. (2007) documented adult DS within MIDS between 2004-2006. The
presence of DS larvae in Cordelia Slough (Meng and Matern 2001) suggested that adults spawned
nearby and that larvae reared in the area. Culberson et al. (2004) used PTM DSM2 modeling to show
that proximity to the MIDS diversion was the primary factor influencing entrainment risk and that risk of
entrainment was very low for particles injected outside the immediate vicinity. Thus, risk of entrainment
of larvae is high in Goodyear Slough and only somewhat less so in Cordelia Slough.

Goodyear Slough Outfall

The GYSO, constructed in 1979-1980, is operated year-round and connects the upper (south) end of
Goodyear Slough to Suisun Bay to improve circulation in the previously dead-end slough. The outfall
consists of four 1.2 m diameter culverts with flap gates on the Bay side and vertical slide gates on the
slough side. When the slide gates are open, only trash racks obstruct entry into and out of the system.
Fish are believed to be able to enter and leave the system at will.

High rates of diversion from, and drainage back into, Goodyear Slough have periodically created
extremely low dissolved oxygen concentrations and fish kills (O’Rear and Moyle 2010). As described in
USFWS (2019), the intakes and outfall of GYSO are unscreened and may entrain larval DS. Larval fish that
enter the system could leave via the intake or the outfall, as GYSO is an open system, assuming that
mortality does not occur during the entrainment process or within the system.
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8.1.4. Agricultural Barriers

As described in USFWS (2019), the Temporary Barrier Project (TBP) has occurred almost annually since
1991. The TBP causes changes in the hydraulics of the Delta, which may affect DS in the spring. The TBP
on Old River block flows through Old River and increases flows toward the export pumps in remaining,
unblocked channels. The resulting more negative flow in such channels can increase risk of entrainment
into the south Delta; this was observed for particles injected in the east and central Delta by up to about
10 percent (Kimmerer and Nobriga 2008; USBR 2008). In years with substantial numbers of larval DS in
the central Delta, increases in negative OMR flow caused by spring installation of the temporary barriers
can increase entrainment. Operation of barriers in the summer and fall does not result in impacts
because DS do not use the central and south Delta as habitat from July through November when the
barriers would be in operation prior to removal before November 30 (See Nobriga et al. 2008).

8.2. Juvenile Delta Smelt

For the purposes of this Effects Analysis, juvenile DS are defined as greater than or equal to 20 mm FL as
this length typically coincides with the full development of fins and an air bladder (Mager et al. 2004). At
this stage, juvenile DS are fully able to use vertical migration to maintain or change their position in the
estuary (Bennett et al. 2002; Bennett 2005). This life stage is typically found within the Delta as early as
April, and almost all young of the year have transitioned to the juvenile stage by July (Figure 21).
Juveniles greater than or equal to 20 mm FL begin to appear in salvage by mid-April and salvage
continues into July in most years (Figure 24). As Delta water temperatures approach and exceed 25°C,
juvenile DS will generally move downstream into low salinity habitats where they will continue to grow
and rear until they return to the Delta as adults (Baxter et al. 1999; Bush 2017; Dege and Brown 2004;
Hobbs et al. 2019a). Due to high temperatures, increased water clarity, predators, and invasive aquatic
vegetation, the central and south Delta no longer provide habitat for juvenile DS in the late summer and
fall (Nobriga et al. 2008). For this reason, the following analysis will focus on the April through July
period when most larval DS have transitioned to the juvenile life stage and briefly rear in the central and
south Delta before emigrating to downstream habitats.
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Figure 24: Scatterplot of salvaged Delta Smelt by fork length and calendar day for the years 1993 - 2023.

8.2.1. Banks Pumping Plant and Clifton Court Forebay

Take of DS juveniles in the form of direct mortality or loss to the system will occur as a result of
operations of the south Delta export facilities. The areas where authorized take of DS is expected to
occur include CCF, Skinner Fish Facility, and Banks Pumping Plant, all located about 13 km northwest of
the city of Tracy. Operations of the CCF and Banks Pumping Plant will result in take of juveniles. During
regular maintenance activities Banks Pumping Plant ceases operations and the CCF radial gates remain
closed, preventing additional fish from entering CCF. Entrainment of juvenile DS (greater than or equal
to 20 mm FL) may begin as early as March and last through July in most years (Figure 24).

From March through June, inflow and exports typically decline from winter levels, while X2 shifts higher
in the system (Figure 22 and Figure 23). Historically, SWP exports have varied from 2,000 — 8,000 cfs and
inflow has typically been less than 25,000 cfs in all but wet years which are associated with substantially
higher inflows (Figure 22). Over the past twenty years OMR flows have frequently been negative during
this time period, but since 2008 flows have been less negative than in previous years of low outflow
(Figure 23). Negative OMR flows in the spring are influenced by SWP exports and draw water, and
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potentially juvenile DS, through the interior Delta towards the SWP and CVP pumping plants (Figure 23).
Entrainment of early-stage juvenile DS is likely similar to that of larvae described previously in Section
8.1.1. Efforts to model larval entrainment resulting from SWP operations showed that negative OMR
flows will entrain particles, and in certain years particle entrainment can be high (more than 50% of
particles injected at some injection locations) (Appendix A; Kimmerer and Nobriga 2008). Hydrologic
effects on larvae influence their distribution, and in turn influence the initial distribution of juveniles.
However, early-stage juveniles may have improved buoyancy and swimming capabilities relative to
younger larvae (Bennett et al. 2002), and are likely to be slightly more resistant to entrainment into CVP
and SWP south Delta export facilities as a result of negative OMR flows. DSM2 modeling suggest that
OMR flows will be similar between baseline conditions and the two project alternatives (ITP - Spring and
9A_V2A) in April. Slightly more negative OMR flows are expected in May under project operation
scenario 9A_V2A in below normal, above normal, and wet water year types (Appendix A).

Salvage of juvenile DS at an intra-annual scale was best explained by negative OMR flows, turbidity and
abundance in the 20-mm Survey (Grimaldo et al. 2009). During wet periods, flows coming from the San
Joaquin River and eastern Delta tributaries (Mokelumne, Cosumnes, and Calaveras rivers) may result in
positive OMR flows despite SWP and CVP exports (cf. data for 2011, 2017 and 2019 in Figure 22 and
Figure 23). Such positive OMR flows would tend to transport juvenile DS downstream out of the lower
San Joaquin River channel, the central Delta and northern portion of south Delta, and toward Suisun
Bay, reducing or eliminating their risk of entrainment. Under such high outflow conditions, any juveniles
in the immediate vicinity of CCF would still remain at risk of entrainment. However, the area influenced
by exports would be substantially reduced (i.e., locations where OMR flows are measured show net
positive currents: Figure 23, years 2011, 2017 and 2019), even when exports continue at a high level
(Figure 22 for years 2011,2017 and 2019). As a result, in the absence of high flows from the south and
east, juvenile DS present in the south Delta are at high risk of entrainment in all but the lowest export
levels (Appendix A; Kimmerer and Nobriga 2008).

Juveniles entrained into CCF are assumed to be lost to the population because they are unlikely or
unable to volitionally leave CCF once inside and likely succumb to predation mortality. CCF is considered
poor habitat for DS due to risk of loss at the export facilities resulting from louvre efficiency, increased
predation in clear water, and exposure to lethal temperatures during the summer months (Castillo et al.
2012; Komoroske et al. 2014b; Nobriga et al. 2008; Swanson et al. 2000). Most of the juvenile DS that
are salvaged will die during the capture, handling, transport and release process (Aasen 2013; Afentoulis
et al. 2013; Morinaka 2013b).

In addition to direct take identified above as a result of entrainment into CCF, operations of the SWP
also result in indirect impacts on DS juveniles. These impacts include entrainment of juvenile DS into, or
retention within, unfavorable south Delta habitats (see Nobriga et al. 2008), entrainment of food web
resources (Appendix E; Jassby and Powell 1994; Jassby and Cloern 2000), increased vulnerability to
predation within the south Delta (Grossman 2016), reduced turbidity leading to impaired feeding
opportunities (Baskerville-Bridges et al. 2005) and potential migratory delays if negative OMR flows
transport fish the wrong direction, impede emigration out of the Delta, or mis-cue fish to migrate
further south towards the export facilities.

The central and south Delta do not provide quality rearing habitat during the summer and fall for DS
(Feyrer et al. 2007; Feyrer et al. 2011; Nobriga et al. 2008) because water temperatures regularly exceed
their thermal limits. Because a large contingent of DS exhibits a migratory life history (Bush 2017) we
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assume that the majority of juvenile fish attempt to emigrate out of the south Delta prior to the
summer. Therefore, the magnitude and direction of OMR and flows past Jersey Point on the lower San
Joaquin River (QWEST) potentially impacts the ability of juveniles to successfully emigrate. First, more
energy is needed for juvenile DS to migrate out of the south and central Delta, when OMR and QWEST
flows are negative. Secondly, negative OMR and QWEST flows may also interfere with the ability of
juvenile DS to orient and choose the correct route when initiating their migration out of the Delta. If
juvenile DS instinctively follow net flow during migration, substantially negative OMR and QWEST flows
will cause them to move toward the export facilities. Such miscuing could result in increased retention in
the south or central Delta and increased mortality via mechanisms previously described, including
entrainment in SWP and CVP facilities.

8.2.2. Barker Slough Pumping Plant

A contingent of juvenile DS often inhabits the north Delta, including the sloughs, throughout the
summer and fall (Bush 2017, Hobbs et al. 2019b). Thus, juvenile DS can remain in the vicinity of the BSPP
year-round, and incidental take of juveniles in the form of entrainment (for the smallest juveniles only),
impingement, or screen contact mortality may occur as a result of operations. The BSPP is located
approximately 16 km from the mainstem Sacramento River at the upper, northwest end of Barker
Slough. The BSPP has the capacity to export 175 cfs through ten screened pump bays located at the
terminal end of Barker Slough. Positive barrier fish screens like those in Barker Slough have been shown
to exclude larval fishes smaller than their design criteria where sweeping velocities can assist fish in
avoiding entrainment (Nobriga et al. 2004). However, such sweeping flows are not present at the BSPP
because it is located at the upper end of a terminal slough; thus, juveniles DS less than 25 mm FL will
need to swim against the approaching flows to avoid exposure to the screen. Juvenile DS may be able to
avoid screen contacts if the approach velocities of the BSPP are maintained at low enough levels during
operations (< 0.2 ft/s).

The BSPP operates year-round, except for a brief maintenance period which typically occurs in March.
Authorized exports may be as high as 175 cfs year-round, including the spring and early summer, when
vulnerable DS larvae and small juveniles are present. PTM results showed that entrainment of surface-
oriented particles injected in Cache Slough near Lindsey Slough were nonlinearly related to average
export rate (Appendix A; Figure A-64). Surface-oriented particles best represent newly hatched DS larvae
that are positively buoyant and display phototactic behavior (Baskerville-Bridges et al. 2005). Neutrally
buoyant particles may adequately represent the behaviors of older larvae (and small juveniles less than
25 mm FL) that have absorbed their yolk sac and are more evenly distributed throughout the water
column (Baskerville-Bridges et al. 2004b; Bennett 2005). Neutrally buoyant particles modeled from April
—June have a positive linear relationship between entrainment and export rates. PTM modeling
demonstrated that particle entrainment could be between 0% and 10%, indicating the potential for
entrainment impacts on small juvenile DS when present (Appendix A; Figure A-127). Older juveniles
(greater than 25 mm FL) are presumed to be competent swimmers and much less likely to be drawn into
BSPP screens than passive particles. As noted in Sections 4.2.1.3 and 8.1.2, the risk of entrainment for
small juvenile DS is greatest in critical and dry water years when low outflow reduces downstream
dispersal of juveniles and BSPP export rates increase (DWR 2024a).
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Maintenance operations at the BSPP could result in incidental take of juvenile DS (if present), and
degrade local habitat quality if conducted in late spring and early summer. Juveniles in the immediate
vicinity of the concrete apron in front of the fish screen may be taken during suction dredging conducted
for sediment removal (Section 8.1.2). Incidental take may occur as a result of aquatic vegetation removal
within the BSPP forebay, as described in Section 8.1.2. The impact of aquatic vegetation removal outside
of the BSPP forebay is unknown, and this activity is currently not included as a Covered Activity in the
ITP. Indirect impacts related to the operations of the BSPP are the same as those described for DS larvae
(Section 8.1.2).

8.2.3. Suisun Marsh Facilities

Physical facilities in the Suisun Marsh and Bay include the SMSCG, the RRDS, the MIDS and the GYSO.
Additional facility details are provided in the ITP Project Description, Section 2.1.1.5 of the FEIR (DWR
2024b), and in Section 5.1.3 of this Effects Analysis.

Suisun Marsh Salinity Control Gates

The SMSCG, when operated, have the potential to cause short-term increases in residence time in
spring, when juvenile DS may be present. Gate operation increases juvenile residence time in
Montezuma Slough in the vicinity west of the gates, leading to exposure and subsequent increased
entrainment risk at the RRDS.

Roaring River Distribution System

The RRDS intakes are screened and physically exclude fish greater than about 25 mm in length. Similar
screens provide some benefit for minimizing entrainment of fish less than 25 mm FL (Nobriga et al.
2004). Opening intakes of the RRDS can result in take of individuals via passage through a screen (the
smallest juveniles only) or contacting the screen or ultimately being impinged upon it, though operation
to achieve correct approach velocities minimizes this risk for juvenile DS.

Morrow Island Distribution System

Juvenile DS could be entrained by the three unscreened 1.2 m intakes that form the MIDS intake. MIDS
is used year-round, but most intensively from September through June. Juvenile DS are present from
April, when they begin to transition from the larval lifestage, through winter when they transition to the
adult lifestage. Meng and Matern (2001) found DS larvae commonly in nearby Cordelia Slough in the
spring months, suggesting that some juveniles were also present and rearing in the vicinity. Enos et al.
(2007) found adult DS within MIDS during 2004-2006, indicating that entrainment occurs and can affect
juveniles, if present.

Goodyear Slough Outfall

As was described by USFWS (2019), the intakes and outfall of GYSO are unscreened and may entrain
juvenile DS. Fish that enter the system would potentially be able to leave via the intake or the outfall,
assuming that mortality does not occur while in the system. High rates of diversion from, and drainage
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back into, Goodyear Slough have periodically created extremely low dissolved oxygen concentrations
and fish kills even with the GYSO system in place (O’Rear and Moyle 2010).

8.2.4. Agricultural Barriers

The TBP has been implemented almost annually since 1991. The TBP does not alter total Delta outflow
or the position of X2, but does cause changes in the hydraulics of the Delta and flows in south Delta
channels, which may affect juvenile DS. The barriers block flow into Old River while increasing flow
toward the SWP and CVP from Turner and Columbia cuts. These increased channel flows can increase
the predicted entrainment risk for particles injected in the east and central Delta by up to about 10
percent (Kimmerer and Nobriga 2008). In years with substantial numbers of juvenile DS in the central
Delta, increases in negative OMR flow caused by installation of the temporary barriers can increase
entrainment and direct take of the species.

8.3. Adult Delta Smelt

Each year, the migratory contingent of adult DS initiate a spawning migration from Suisun Bay and
Marsh upstream into fresh and low-salinity waters from December through March (Bush 2017; Moyle
2002). This movement generally coincides with high outflow and a spike in turbidity conditions as a
result of winter storms, known as “first flush” events (Bennett and Burau 2015; Sommer et al. 2011).
The first flush conceptual model assumes that the first substantial winter storm produces a freshet of
turbid water that cues adult DS to disperse upstream. In low outflow years when first flush conditions do
not occur, adult DS will eventually migrate into spawning habitat by late February or March when water
temperatures are warm enough to initiate spawning (Bennett 2005). During this upstream dispersal,
adult DS are at risk of entrainment into export facilities (Grimaldo et al. 2009; IEP 2015). After this initial
dispersal, additional large scale regional movements are not likely (Polansky et al. 2018). The fish are
presumed to hold and wait for favorable water temperatures to begin spawning (Bennett 2005;
Grimaldo et al. 2009; Sommer et al. 2011).

8.3.1. Banks Pumping Plant and Clifton Court Forebay

Operations of the SWP will lead to take of adult DS that are in the Delta through direct entrainment of
individuals into CCF and the export facilities. Suitable DS spawning habitat occurs in the primary
channels of both the Sacramento and San Joaquin rivers (USFWS 2019). Although south Delta DS rearing
habitat quality has declined over time (Nobriga et al. 2008), adult DS continue to be observed at south
Delta monitoring stations. Adult DS continue to occur in the southern Delta due to either volitional
movement into the area, or through entrainment due to hydrodynamics, or both (Kimmerer 2008).
Adult DS have been observed in historical SWP and CVP salvage data, generally occurring from
December to March (Figure 24, Grimaldo et al. 2009; IEP 2015).

Involuntary movement into the south Delta is caused by an interaction between reverse flows in Old and
Middle River channels (negative OMR flow due, in part, to SWP operations) and the proximity of adult
DS to the SWP export facility (i.e., within the “zone of influence” of south Delta exports). Studies have
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shown that there is a significant positive correlation between the magnitude of negative OMR flow and
adult DS salvage at both the SWP and CVP fish facilities (Grimaldo et al. 2009).

While no single prescribed OMR flow rate or duration may guarantee avoidance of DS entrainment,
greater reverse OMR flows are generally associated with higher numbers of fish observed in salvage,
particularly once OMR flows achieve -5,000 cfs, or become more negative. Importantly, high winter
exports and reverse OMR flows have been linked to population level declines in DS (Thomson et al.
2010). This was particularly evident during the Pelagic Organism Decline when total entrainment of
adult DS at the SWP and CVP hit record levels while winter exports and reverse OMR flows were also all-
time highs (Smith 2019). Entrainment of adult DS at the SWP and CVP may account for 4-50% of the
adult population in a given year (Kimmerer 2008), and this loss of adults immediately prior to spawning
impacts recruitment into the next generation. Using an individual-based model, Kimmerer and Rose
(2018) showed that eliminating entrainment mortality altogether results in an increase of the annual
finite population growth rate. Furthermore, a 26-year simulation with a mean 10% annual loss due to
entrainment resulted in a 10-fold reduction in the total DS population size (Kimmerer 2011). Collectively,
these studies demonstrate the potential for take and impact of the taking as a result of SWP operations.

Take of individuals occurs when they are entrained into CCF. Individuals entrained in the export facilities
are expected to be lost to the population. Although fish can survive handling during salvage and trucking
back to the Delta (Morinaka 2013b), it is unlikely that a substantial portion of the DS population is
returned to contribute to subsequent generations (USFWS 2019). Unfortunately, the abundance of fish
entrained into CCF can only be indirectly calculated using fish facility salvage data and assumptions
associated with pre-screen loss processes (Kimmerer 2008; 2011; Smith 2019). Components of pre-
screen loss in CCF include: survival of individuals in the forebay, the efficiency of the behavioral louver
system guiding fish to salvage, and the sampling efficiency of the subsampling and observation process
(Smith 2019). Mark-and-recapture studies of adult DS released at the entrance of CCF have shown low
percent recaptured (0-5%) and high pre-screen loss rates (90-100%) (Castillo et al. 2012). Comparing
annual loss estimates (i.e., that account for pre-screen loss in CCF, screening efficiency, and
handling/trucking losses; Smith 2019) to expanded salvage of DS, both from December through March
of 1993-2016, shows a 600-2,200% increase in the estimated number of fish entrained at the facilities
based on loss calculations (Table 11).

Take of individuals may also occur as a result of the CCF Aquatic Weed Control Program, which can
result in fish mortality due to contaminant effects. However, the extent of this effect on the population
has yet to be quantified. During regular maintenance activities Banks pumping plant ceases operations
and the CCF radial gates remain closed preventing additional fish from entering CCF.

Table 11: Comparison of observed expanded salvage against estimated total entrainment from Smith (2019).

|
Water year Observed expanded salvage Estimated total entrainment nc(t:;;;\se
(]
1994 447 4719 1056
1995 2608 24499 939
1996 5634 49294 875
1997 1828 11069 606
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Increase

Water year Observed expanded salvage Estimated total entrainment (%)
1998 1027 6342 618
1999 2074 12793 617
2000 11493 142488 1240
2001 7991 97853 1225
2002 6865 54559 795
2003 14305 116495 814
2004 8120 119356 1470
2005 2016 24292 1205
2006 324 3320 1025
2007 36 221 614
2008 350 3495 999
2009 24 521 2171
2010 92 676 735
2011 48 459 956
2012 197 2168 1101
2013 260 2792 1074
2015 68 759 1116
2016 12 119 992

Impacts of the taking extend beyond the direct observation of fish counted in salvage or estimated to
have entered CCF to those individuals that are lost from the population (“killed”) as an indirect result of
SWP operations. Indirect taking occurs primarily as a result of entrainment into the central and south
Delta during their dispersal period due to reverse OMR flows. Historically, the southern Delta was used
as spawning and rearing habitat for young, however; this region of the Delta has become less suitable to
DS over time (Nobriga et al. 2008). Habitat degradation in the central and south Delta can be attributed
in large part to SWP operations. Long-term changes in turbidity in the Delta have been attributed to a
decline in sediments moving through the Delta (Wright and Schoellhamer 2004) and the spread of
freshwater SAV. SAV spread was facilitated by diversion of river water at SWP and the resulting
freshening of the Delta for exports (Nobriga et al. 2008; Schoellhamer et al. 2016). The expansive
meadows of SAV in the central and south Delta trap suspended sediments and reduce turbidity (Hestir
et al. 2016). Non-native piscivorous fishes which can prey upon adult DS when entrained into the central
and south Delta have proliferated as a result of the spread of SAV (Conrad et al. 2016; Ferrari et al. 2014;
Lehman et al. 2019; Young et al. 2018). The interaction between increased predator presence and
clearer water dramatically increases predation risk for DS and there is evidence for a significant negative
effect of predation on population size (Maunder and Deriso 2011; Miller et al. 2012; Thomson et al.
2010). Adult DS suffer both direct (consumption) and indirect (injuries) mortality from largemouth bass
in lab studies (Davis et al. 2019a). Therefore, adult DS that are entrained into the southern Delta likely
have a lower survival rate.

Contaminant levels are also potentially higher in the south Delta due to a combination of increased
proximity to nutrient and agricultural chemical sources, lower rate of inflow from southern and eastern
Delta tributaries, higher residence time in some south Delta channels, and overall smaller volume of
water than the central or northern Delta (Fong et al. 2016; Lehman et al. 2017). Several studies
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identified contaminants as significant stressors to DS. Cultured DS exposed to ambient south Delta water
have demonstrated altered gene expression for immune response, altered development and
significantly greater levels of apoptosis and necrosis (Connon et al. 2009; Hasenbein et al. 2014; Jeffries
et al. 2015). In field studies, higher contaminant levels have been associated with histological lesions,
stunted growth and overall poor health (Hammock et al. 2015). Reduced Delta outflow as a result of
SWP export operations indirectly increases contaminant levels in the Delta by reducing the dilution
effect of river flows, increasing the risk of impacts to DS.

Additional impacts on the species occur as a result of SWP exports (Hutton et al. 2019; Hutton et al.
2017a; Hutton et al. 2017b) which reduces the amount of available low-salinity rearing habitat for DS in
the fall (Hobbs et al. 2007; USFWS 2022). The centroid of the distribution of subadult DS is located
around X2 and moves with X2 as it shifts upstream in the summer-fall, until the start of the spawning
migration in December (Sommer et al. 2011). This upstream movement of X2 is associated with reduced
habitat suitability (Bever et al. 2016; Feyrer et al. 2007; 2011), which appears to be an important
attribute for describing recruitment to the next generation, although the mechanism for this
relationship has yet to be determined (Bever et al. 2016; Feyrer et al. 2007; 2011).

8.3.2. Barker Slough Pumping Plant

The BSPP is made up of 10 pump bays that are individually screened with a positive barrier fish screen
consisting of a series of flat, stainless-steel, wedge-wire panels with a slot width of 2.4 mm. This
configuration is designed to exclude and prevent the entrainment of fish measuring approximately 25
mm FL or larger. The bays tied to the two smaller units have an approach velocity of about 0.2 ft/sec.
The larger units were designed for a 0.5 ft/sec approach velocity, but actual approach velocity is about
0.44 ft/sec. Due to the presence of the fish screen and appropriate approach velocities, direct take of
adult DS is expected to be low.

Although entrainment of adult DS is expected to be low due to the fish screens at the facility, individuals
may be entrained into the area during periods of high water diversion. Adults entrained into the area
may also spawn in the area, putting progeny at higher risk of entrainment (see section 8.1.2).

8.3.3. Suisun Marsh Facilities

Physical facilities in the Suisun Marsh and Bay include the SMSCG, the RRDS, the MIDS and the GYSO.
Additional facility details are provided in the ITP Project Description, Section 2.1.1.5 of the FEIR (DWR
2024b), and in Section 5.1.3 of this Effects Analysis.

Suisun Marsh Salinity Control Gates

Under current operations DS could be entrained into Montezuma Slough when the SMSCG are opened
and then closed, especially during the late summer and fall when the gates are most likely to be used
(USFWS 2019). The degree to which movement of DS around the LSZ is constrained by opening and
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closing the SMSCG, and associated impacts to DS, is unknown. Striped bass may aggregate near the
SMSCG, which could elevate predation rates. Additionally, DS may experience an increased risk of
entrainment into the managed duck club marshes where they would be unlikely to survive (Culberson et
al. 2004; USFWS 2008). A recent study found that the body condition of DS collected from Montezuma
Slough/Suisun Marsh was better than DS collected from Suisun Bay and the confluence region
(Hammock et al. 2015), indicating that DS drawn into Montezuma Slough by SMSCG operations may
encounter more food resources. The freshening of Montezuma Slough through gate operations during
the summer and fall is likely to provide low salinity habitat with relatively cooler temperatures for DS to
forage, spawn, and rear.

Roaring River Distribution System

As described in USFWS (2019), the RRDS intakes possess screens with 2.4 mm perforation that physically
exclude fish greater than 30 mm FL from being entrained. RRDS operations are only likely to result in
take if individuals are impinged onto the screens. Entrainment or impingement mortality are unlikely
because the RRDS intakes are positioned in a part of Montezuma Slough where the channel is about 90-
110 m wide and DS could easily move beyond the 1m zone of influence of the diversions behind the fish
screens.

Morrow Island Distribution System

As described in USFWS (2019), individual DS could be entrained by the three unscreened 122 cm intakes
that form the MIDS diversion system. While Enos et al. (2007) did not collect any DS during sampling of
the MIDS intake in 2004-2006, they did capture adult DS with purse seines in the adjacent Goodyear
Slough. It is expected that mortality is likely to occur when individual DS enter the intakes.

Goodyear Slough Outfall Gates

The intakes and outfall of GYSO are unscreened and may entrain adult DS. However, fish that enter the
system are unlikely to die during the entrainment process and would be able to leave via the intake or
the outfall, as GYSO is an open system.

8.3.4. Agricultural Barriers

The TBP does not alter total Delta outflow, or the position of X2 (USFWS 2008). However, the TBP causes
changes in the hydraulics of the Delta, which may affect DS depending on the month of installation. In
most instances, net flow is directed towards the Banks and Jones pumping plants and local agricultural
diversions. Simulations have shown that placement of the barriers changes south Delta hydrodynamics,
increasing central Delta flows toward the export facilities (USBR 2008). In years with substantial
numbers of adult DS moving into the central Delta, increases in negative OMR flow caused by
installation of the TBP can increase entrainment into CCF. This directional flow towards the export
facilities increases the vulnerability of fish to entrainment and may result in direct take of the species.
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8.4. Summer Habitat

The IEP-MAST (2015) conceptual model describes DS habitat during the June through September period,
focusing on factors which affect the probability of transitioning from juvenile to subadult life stages
during this time. This conceptual model hypothesizes that the quality of DS habitat is driven by specific
habitat attributes including water temperature, predation risk, toxicity from harmful algal blooms, and
food availability and quality (for information on food resources, see Section 7.6).

As discussed in the IEP-MAST (2015), water temperature is known to affect the survival of juvenile and
sub-adult DS through the summer. During the summer months, juveniles are exposed to water
temperatures closer to their Critical Thermal Maximum (CTM) and Maximum Chronic Lethal
Temperature (CLT) and studies have documented juvenile exposure to temperatures above their CTM in
the wild (Nobriga et al. 2008). Therefore, small differences in temperature (+ 1°C) during summer
conditions may have substantial impacts on DS survival. In addition, recent findings demonstrate that DS
may experience sub-lethal impacts when in water temperatures slightly lower than 25-28°C. In
laboratory conditions, DS exhibited potentially deleterious behavioral responses when exposed to
persistent elevated temperatures between 20-22°C (Davis et al. 2019b), indicating that sublethal effects
can begin to occur before water temperatures reach 25°C.

Historic July through August water temperature data (1975-2012) showed that the coolest average and
maximum temperatures occurred in Suisun Bay and San Pablo Bay (average 19-21°C, maximum 24°C)
while the western Delta was slightly warmer during this same period (average 21-23 °C, maximum 25 °C;
IEP-MAST 2015). Similarly, an assessment of regional water temperatures from 2009 — 2023 indicate
that Suisun Bay, including Honker and Grizzly bays, has fewer instances of daily average water
temperatures exceeding 22 °C when compared to the confluence, lower Sacramento River, and lower
San Joaquin River (Figure 25). Climate change modeling suggests that these regional differences in
summer water temperature will continue to provide critical thermal refugia in western portions of the
estuary from projected increasing temperatures of the south Delta and the Sacramento River corridor
(Wagner et al. 2011). Together these analyses indicate that Suisun Marsh and Suisun Bay will generally
provide the coolest water temperatures relative to other upstream regions during the summer.
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Figure 25: Heatmap depicting the frequency mean daily water temperature exceeded 22°C at locations in Suisun
Bay, Suisun Marsh and the Delta for water years 2009-2023. Each shaded cell indicates a day in any particular
water year that was above 22 °C; the closer to red in color, the more years on the assigned date were above 22 °C.
Regions are organized from west to east, and stations are organized downstream to upstream. Regions include
Suisun Bay (BAY), Suisun Marsh (SUM), Sacramento and San Joaquin rivers Confluence (CON), Sacramento River
(SAC), and San Joaquin River (SJR). California Data Exchange Center (CDEC) stations include Martinez (MRZ), Grizzly
Bay (GZL), Honker Bay (HON), Beldon Landing (BDL), National Steel (NSL), Collinsville on Sacramento River (CSE),
San Joaquin River at Antioch (ANH), Sacramento River at Rio Vista Bridge (RVB), Liberty Island (LIB), San Joaquin
River at Jersey Point (SJJ), and Franks Tract Mid Tract (FRK).

Turbidity has been associated with observations of juvenile and subadult DS and therefore is considered
to also be an important DS summer habitat attribute (IEP-MAST 2015; Nobriga et al. 2008; Sommer and
Mejia 2013). Increased turbidity has been hypothesized to increase survival (Hasenbein et al. 2016) and
reduce DS predation risk (Ferrari et al. 2014; IEP-MAST 2015). Studies have shown that turbidity is
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generally higher in Suisun Bay and Marsh relative to upstream regions because of the interaction
between dynamic variables, such as wind, flow, and tidally driven mixing (Durand 2014; Nobriga et al.
2008; Rhul and Schoellhamer 2004), and static variables, such as the high levels of bathymetric
complexity, including substantial shoal area and a higher erodible sediment supply, found in the Suisun
Region (Brown et al. 2014).

Salinity is another important DS summer habitat attribute. Laboratory studies have found that DS
mortality was greatest at high salinities (34 ppt) with little difference in mortality between 2 ppt and 18
ppt treatments (Komoroske et al. 2014a). However, field studies have demonstrated that DS are mostly
observed in low salinity conditions during the summer (Nobriga et al. 2008). So, while individuals may
tolerate more saline habitats, DS appear to prefer salinities less than 6 ppt. This is further supported by
another laboratory study that demonstrated increased osmoregulatory stress in DS at salinities greater
than 12 ppt, with optimal performance occurring at low salinities (0-6 ppt) (Hasenbein et al. 2013).

In the wild, LSZ habitat for DS is defined as salinities between 0.5 psu and 6 psu and indexed by the
variable X2 (Jassby et al. 1995). The centroid of juvenile DS distribution occurs within the LSZ (Dege and
Brown 2004), although a subset of the population occupies freshwater regions of the Sacramento Deep
Water Ship Channel. Recent otolith analyses indicate that by summer the majority of the DS population
typically occupies habitats with salinities greater than 0.5 psu and this continues through the summer-
fall of most years (Bush 2017; Hobbs et al. 2019b). Thus, the location of the LSZ within the Bay-Delta
during the summer is critical as it determines whether DS will have access to relatively cooler waters and
higher turbidities of Suisun Bay. This section describes the relationship between SWP operations and the
location of the LSZ during the summer by analyzing changes to Delta outflow over time.

Summer hydrology

Northern California’s summer is characterized by little to no precipitation within the Sacramento River
watershed. As a result, Delta hydrology is primarily driven by controlled releases of antecedent
snowpack and rainfall runoff stored and accumulated during the winter and spring months. Our analysis
of DS summer habitat is focused on the months of June - August as they represent the portion of the
year when we expect ambient air and water temperatures to be most stressful for juvenile DS.

To better understand the historic variability in summer Delta hydrology over time, we performed a
guantitative analyses of Delta outflow and SWP exports using data from Dayflow (DWR 2024a) to
address two questions:

1) How has Delta outflow changed in the summer months? Does this relationship differ among
water year types over time?

2) How has the proportion of total Delta outflow exported by the SWP changed over time during
the summer? Does this relationship differ among water year types?

We also examined X2 data (DWR 2024a), however data was only available beginning in 1997. Estimates
of X2 before 1997 were calculated using the X2 formula in Dayflow (DWR 2024a) with historical salinity
and outflow data. We used a 10,000 cfs outflow as a reference point in our analysis since summer
outflows are expected to be less than 10,000 cfs from July through August in most years. These data
were then compared across years going back to 1967. These years were selected because they both
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represent the current FMWT abundance record of DS (1967 — 2023), contain pre and post BiOp and ITP
management eras (2009), and capture the start of the SWP south Delta operations (1968).

During the summer period, Delta outflows less than 10,000 cfs are associated with a relatively wide
distribution of X2, ranging from approximately 95 km to 75 km (Figure 26). Delta outflows between
~5,000 - 15,000 cfs are associated with X2 at 75 km and outflows of ~10,000-50,000 are associated with
X2 at 65 km, although this level of outflow is rare in the summer and only likely to occur early in wet
years.

In June of wet years there is a relatively high amount of variability in Delta hydrology year to year (Figure
27) with flows ranging from less than 10,000 cfs in some years up to 80,000 to 100,000 cfs in others. It
should be noted that above normal year types haven’t occurred since 2004, before the suite of
regulatory requirements which began in 2009. In below normal (n=8), dry (n=10), and critical (n=11)
years, outflows are generally less than 10,000 cfs with slight increases in recent years. The export to
outflow ratio (E-O) varies among water year types but is generally 0.5 or slightly less.

Similar to June, in July of wet years there is a relatively high amount of variability in Delta outflow year
to year (Figure 28), with median flows at approximately 10,000 cfs in 18 of the 23 wet years and flows
ranging between 20,000 and 45,000 cfs in the remaining years. Median outflows are less than 10,000 cfs
in all other water year types with dry and critical year types nearer 5,000 cfs. The E-O ratio varies in wet
year types from 0 to almost 1 and in recent years, 2017 and 2019 exceeds 1 (Figure 28). Above normal
water years E-O for the month of July is generally constant, with most median values between a ratio of
0.5 to 1.0. Below normal and dry years vary, with most years around a ratio of 1.0. E-O is highest in dry
years with median ratios close to 1.0 and ratios as high as 2.0 in some years.

Median outflows in August of wet years were generally between 7,500 cfs and 15,000 cfs early in the
historic record, with 1983 and 1998 being exceptions (Figure 29). In more recent wet (2011, 2017, 2019)
years median outflows have been around 10,000 cfs. Outflows for all other water year types (above
normal, below normal, dry, and critically dry) are similar to median flows: generally at or near 5,000 cfs,
with drier year types (dry and critically dry) having median flows at or less than 5,000 cfs in most years.
As in June and July, SWP exports have increased over time in all water year types except critical years for
the month of August. However, total exports in the month of August are generally greater than June and
July.

Two of the 19 wet years examined have median E:O ratios above 1.0 and daily ratios as high as 2.0
(1999). In above normal and below normal water year types median E:O ratios in most years are above
1.0. Although the E:O in dry and critically dry years was near 2.0 historically, in recent years it has been
much lower. The E:O in critically dry years has reduced over time, with median ratios as high as 1.5
(1988) and decreasing to less than 0.5 in recent years (2015 and 2021).

Based on Dayflow data (DWR 2024a), summer (June — August) Delta outflow appears to be highly
managed as a result of SWP operations. SWP exports have the potential to modify summer low-salinity
habitat for DS. DS LSZ habitat would benefit from the operations of the SMSCG during the summers,
increasing habitat and food access by reducing the salinity in Suisun Marsh and Grizzly Bay where
temperatures are cooler.
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Figure 26: Scatterplot of daily average Delta outflow versus X2 location for the months of June through August for
years 1980 through 2022. X2 values prior to 1997 were reconstructed using a combination of Dayflow (DWR 2024a)
and historic data. Blue dashed line represents 10,000 cfs outflow.
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Figure 27: Boxplots of Delta outflow (top row), State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the month of June, differentiated by water year type. Solid

black lines within the boxplots represent median values. Bar plots of SWP exports (middle row) represent total volumes of water exported for the month of June, differentiated by

water year type. The horizontal dashed line for Exports/Outflow Ratio indicates a 1:1 ratio.
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Figure 28: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the month of July, differentiated by water year type. Solid

black lines within the boxplots represent median values. Bar plots of SWP exports (middle row) represent total volumes of water exported for the month of July differentiated by

water year type. The horizontal dashed line for Exports/Outflow Ratio indicates a 1:1 ratio.
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Figure 29: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the month of August, differentiated by water year type.
Solid black lines within the boxplots represent median values. Bar plot of SWP exports (middle row) represents total volumes of water exported for the month of August,

differentiated by water year type. The horizontal dashed line for Exports/Outflow Ratio indicates a 1:1 ratio.



8.5. Fall Habitat

Several peer-reviewed publications have linked the location of X2 to the amount of suitable abiotic
habitat for DS during the fall (September — November) (Bever et al. 2016; Feyrer et al. 2011; IEP-MAST
2015). The IEP-MAST (2015) conceptual model describes the same abiotic habitat attributes in the
summer and fall as drivers of the transition probability of DS surviving from subadults to adults. These
survival drivers also include toxicity related to contaminants and the size and location of the LSZ;
therefore, much of the discussion in Section 8.4 of this Effects Analysis is also applicable here.

During fall, the distribution of the subadult DS population is associated with the location of LSZ, as
indexed by X2 (Sommer et al. 2011). Because this habitat attribute is affected by outflow, we will apply
concepts from the Fall Low-Salinity Conceptual Model described in Brown et al. (2014) to qualitatively
assess how the SWP operations have affected the location of the LSZ through highly managed outflows.

The fall is similar to summer in that little to no precipitation occurs within the upper watershed. The
variability in Delta outflow results from variation in antecedent snowpack and reservoir storage and
releases. We focused this section on the months of September and October, as these are periods of
management focus in the fall for DS, however we also recognize that November is part of the suite of
fall months but not included in this analysis. This section considers both the historical variability in Delta
hydrology over time and the potential effect of SWP operations on X2 and Delta outflow during
September and October. CDFW conducted quantitative analyses of Delta outflow, SWP exports, and X2
data, similar to the summer habitat analysis described above.

As observed in the summer months, a wide range of X2 values are associated with any given amount of
Delta outflow during the months of September and October (Figure 30). In the fall, Delta outflows less
than 10,000 cfs are associated with a relatively wide distribution of X2, ranging from approximately 95
km to 75 km. Substantially more Delta outflow is needed (approx. 35,000 cfs total outflow) to move X2
from 75 km to 65 km (Figure 30), although this level of outflow only occurs very rarely during the fall.

Delta hydrology varies among wet years during September (Figure 31), with median flows greater than
20,000 cfs in 7 of the 19 years. September median Delta outflows in above normal years ranged from
approximately 5,000 to 10,000 cfs. However, there has not been an above normal water-year since the
BiOp and ITP management eras began in 2009. Below normal, dry, and critically dry year Delta outflow
was generally constrained to less than 5,000 cfs with slight increases observed in recent years.

SWP exports for the month of September have generally increased over time in all but dry and critically
dry years, when exports have been generally constant. The ratio of exports to outflow in Septembers of
recent wet years was approximately 1.0, with a maximum of ~1.5 in 1997. In above normal and below
normal years, the median E:O ratio exceeded 1.0 in most years. In all other years (dry and critically dry),
the ratio varied between 1.0 and close to zero.

October hydrology in wet years is very similar to September (Figure 32), however October median flows
were generally lower. Median outflows in October were less than 10,000 cfs in the last four wet years
(2006, 2011, 2017, and 2019). In above normal years median flows ranged from 10,000 to 5,000 cfs. In
below normal, dry, and critically dry years outflows were generally constrained to less than 5,000 cfs
with slight increases in recent years.
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The E:O ratio in recent wet years was approximately 1.0, with 1986 showing the highest ratio for the
month of October. In above normal years the median E:O exceeded 1.0 only once, in the year 2000,
while median E:O never exceeded 1.0 in below normal years. In dry and critically dry years the E:O ratio
has varied and was close to zero in recent years.

Based on the anaylsis of Dayflow data (DWR 2024a), fall hydrology (September — October) appears to be
highly managed with SWP daily export rates often matching or exceeding the corresponding outflow for
the same time period. Observed fall outflows resemble a constant, stable, low flow period where DS
habitat is consistently upstream of Suisun and mostly within the confluence of the Sacramento and San

Joaquin rivers, or upstream of it. This has the effect of reducing the extent and quality of available DS
habitat.
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Figure 30: Scatterplot of daily average Delta outflow versus X2 location for the months of September and October
for years 1980 through 2022. X2 values prior to 1997 were reconstructed using a combination of Dayflow (DWR
2024a) and historic data. Blue dashed line represents 10,000 cfs, red dashed line represents 5,000 cfs.
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Figure 31: Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the month of September, differentiated by water year type.
Solid black lines within the boxplots represent median values. Bar plot of SWP exports (middle row) represents total volumes of water exported for the month September,

differentiated by water year type. The horizontal dashed line for Exports/Outflow Ratio indicates a 1:1 ratio.
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Boxplots of Delta outflow (top row) and State Water Project (SWP) Exports/Outflow Ratio (bottom row) for the month of October, differentiated by water year type>.
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Solid black lines within the boxplots represent median values. Barplot of SWP exports (middle row) represents total volumes of water exported for the month October,

differentiated by water year type. The horizontal dashed line for Exports/Outflow Ratio indicates a 1:1 ratio.

3 The month of October is included with the previous year’s water year type to keep consistency within the analysis.
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8.6. Food Resources

The IEP-MAST (2015) conceptual model describes food availability as an important habitat attribute that
can affect the probability of DS successfully transitioning between life stages. DS prey items have
changed over time, and the availability of some food types, particularly in Suisun Bay, is influenced by
the overbite clam and hydrology (e.g., Kimmerer et al. 2018, Kimmerer et al. 2019). As described in
Section 4.2, the diet composition of DS has shifted from predominantly the native copepod E. affinis to
non-native copepods, such as P. forbesi, S. doerri, and A. sinensis (Slater and Baxter 2014), partially due
to the introduction of the overbite clam P. amurensis (Moyle et al. 1992, Kimmerer and Orsi 1996, Orsi
and Mecum 1996, Winder and Jassby 2011). Shifts in DS food resources can be a critical aspect of their
population dynamics as studies have hypothesized that the loss of zooplankton within the SFE
contributed to the decline of DS (Hammock et al. 2019a, Merz et al. 2016, Slater & Baxter 2014).
Moreover, Rogers et al. (2023) found that most trophic levels within the SFE exhibit bottom-up control,
supporting the idea that impacts to DS food resources affect their population.

Hydrodynamically facilitated food subsidies from the Delta to Suisun Bay can be particularly important in
summer and fall when fish are rearing in the LSZ and growing rapidly (Kimmerer et al. 2018). Although
prey availability is influenced by hydrology, the exact magnitude of changes in outflow (via increased
inflows or reduced exports) that create optimal advection of zooplankton from the central Delta to
Suisun Bay remains unknown. This uncertainty is evident when trying to predict zooplankton densities
based on Delta outflow. An analysis within the ITP application (DWR 2023) suggests that the Proposed
Project will have minimal impact on zooplankton densities within the LSZ, but did find significant
negative effects on E. dffinis, cladocerans (barring Daphnia), harpacticoids, and other calanoid copepods
in the spring. Although these effect sizes are relatively small, and similar analyses showed no significant
negative effects for summer and fall, they do not have confidence intervals of the estimated impact nor
control for the effects of SWP exports. There are numerous studies demonstrating the negative
relationship between outflow and zooplankton. Kratville (2008) used a PTM derived from Kimmerer and
Nobriga (2008) to estimate percent of particles entrained at various regions within the San Francisco
Estuary, assuming an export to inflow ratio of 0.35. Using those percentages and the area of each
region, the analysis calculated the equivalent number of acres impacted by the loss of particles, totaling
21,000 acres as a result of combined SWP and CVP operations with 12,076 acres attributed to just SWP
operations. Kratville (2008) results are further supported by analyses examining the direct relationship
between outflow and zooplankton. Hennessy and Burris (2017) and Mac Nally et al. (2010) both
demonstrated a positive effect of outflow, or a negative relationship between X2 and zooplankton
abundance, using long-term survey data. Furthermore, Kimmerer et al. (2019) used a box model to
explicitly define losses of P. forbesi from SFE and showed that a substantial portion of P. forbesi
mortality comes from water exports. In addition, an extension of DWR’s zooplankton-outflow analysis,
performed by CDFW, shows significant relationships between exports, outflow (as indexed by X2) and E.
affinis and P. forbesi abundance during spring and summer, respectively. Strong interactions exist
between both exports and outflow and zooplankton abundances (see also Appendix E). Overall, the
analysis suggests that hydrodynamics within the Delta play a substantial role in food resource availability
for LFS and DS.
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Current summer and fall export levels entrain considerable proportions of Delta food web products,
impacting the downstream distribution and reducing primary and secondary productivity (Hammock et
al. 2019b; Kimmerer et al. 2019; USFWS 2008). The positive correlation between July—September Delta
outflow and P. forbesi density in the LSZ provides support for the food subsidy theory (Kimmerer et al.
2018). This is also evident from high particle entrainment observed in PTM simulations using typical
summer inflow and export levels (Kimmerer and Nobriga 2008; Appendix A). In particular, the lower San
Joaquin River appears to harbor high densities of P. forbesi that can, with modest outflow, be advected
to Suisun Bay, supplementing food in that region (Kimmerer et al. 2019, Appendix E). However, SWP
south Delta exports can affect the direction food resources in the central Delta and lower San Joaquin
River are transported. Flows more negative than -5000 cfs, and QWEST flows less than 1,500 cfs entrain
potential food resources into the south Delta (Kimmerer and Nobriga 2008, Appendix A, Appendix E).
Reducing SWP exports to allow for a substantially positive QWEST (i.e., as great or greater than the
absolute value of OMR at the time) could provide a food subsidy to the LSZ (Kimmerer et al. 2018,
Appendix E) where most DS rear.

Based on the discussion of summer and fall outflows in Sections 8.4 and 8.5 of this Effects Analysis, and
the analysis presented here, project exports during the summer and fall period reduce food availability
to DS rearing in the LSZ. Actions which are directed at improving summer and fall flows mitigate these
impacts during these periods.

9. Minimization of Take and Impacts of the Taking on
Delta Smelt

Section 4.2 describes the life history and ecology of DS in the Delta, Suisun Marsh and Suisun Bay.
Following the description of DS life history and ecology, Section 8 describes the overlap between Project
operations and DS life histories, explaining the ways in which Project operations result in take and
impacts of the taking of DS. This section builds upon the preceeding sections and explains how
Conditions of Approval in the ITP are expected to minimize the take and impacts of the taking of DS due
to the Project.

9.1. Real-time Operations Management — Smelt Monitoring Team

Condition of Approval 8.1.1 of the ITP describes the Smelt Monitoring Team (SMT). The SMT includes
participants from Reclamation, USFWS, NMFS, DWR, CDFW, and SWRCB and reviews hydrologic,
operational, fishery, and water quality data at an appropriate frequency. The SMT provides an
opportunity for engagement and discussion among biologists and operators about relevant information
and issues associated with the SWP’s operations and any species’ risk assessments.

The role of the SMT according to Condition of Approval 8.1.6.1, is for SMT agency leads to provide
expert advice to their associated Water Operations Management Team (WOMT) representatives on
real-time management of Delta water operations that benefit DS. SMT agency leads will notify their
agency’s WOMT representative if an ITP identified threshold or protection is or will be met, provide
input on Risk Assessments prepared by DWR and Reclamation, and discuss and document differing
perspectives (e.g., non-consensus) on the relevant assessments and Conditions of Approval of the ITP. If
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consensus is not reached in SMT, agency representatives will compose an email to WOMT summarizing
the elevation topic and any supporting information and recommendations. The supporting information
and recommendations, when elevated to the WOMT, can be used to determine when protective actions
for DS are needed to minimize take at SWP export facilities.

9.2. Water Operations Management Team and Collaborative Real-time Decision
Making

Condition of Approval 8.1.4 requires DWR to convene the WOMT composed of manager-level
representatives from DWR, CDFW, NMFS, Reclamation, USFWS, and SWRCB. Each week during the OMR
flow management season (October through June), and otherwise as needed. WOMT considers expert
advice provided by the SMT to make final determinations for LFS take minimization needs and Delta
water operations. The WOMT has the authority to request operational changes at the CVP and SWP
export facilities to manage OMR flows to an average daily OMR index less negative than the current
daily OMR index.

Condition of Approval 8.1.5 describes the process by which all available biological, abiotic, and
operational information to inform operational recommendations will be transmitted from the SMT to
the WOMT, and to the Directors of CDFW and DWR if resolution is not achieved in WOMT. If the
Directors of CDFW and DWR do not agree, the Director of CDFW may require DWR to implement an
operational recommendation provided by CDFW, consistent with the Coordinated Operations
Agreement, as amended in 2018 (Condition of Approval 8.7 — SWP Proportional Share; Reclamation and
DWR 2018). Positive changes in the average daily OMR index in will reduce entrainment of LFS into the
interior Delta and into CCF (Grimaldo et al. 2009).

9.3. Onset of OMR management

Condition of Approval 8.3 requires DWR to reduce exports to achieve a 14-day average OMR index no
more negative than -5,000 cfs during the duration of the OMR Management season. OMR Management
can begin any time after December 1 if a First Flush Action (Condition of Approval 8.3.1) or Adult Longfin
Smelt Entrainment Protection Action (Condition of Approval 8.3.3) occur or any time after December 20
if an Adult Delta Smelt Entrainment Protection Action (Condition of Approval 8.3.2) occurs. DWR will
reduce exports to achieve a new OMR index within three days of an action that requires changes to
OMR flows. If none of these actions occur in December, OMR Management begins automatically on
January 1 and can extend through the end of June (End of OMR Management; Condition of Approval
8.6), which overlaps with the presence of adult, larval, and juvenile DS.

OMR Management will minimize take of Covered Species, including all lifestages of DS occurring through
the Delta from January — June, by creating less negative net OMR flows during the time that all Covered
Species are expected to be present in the Delta and at risk of entrainment into the interior and south
Delta, including DS. Less negative net OMR flows are accomplished through CVP and SWP export
reductions and help reduce entrainment of covered species such as DS into the interior Delta and the
CVP and SWP export facilities in the south Delta.
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9.4. OMR Flexibility During Delta Excess Conditions

As described in Condition of Approval 8.5 of the ITP, DWR may increase exports to capture excess flows
in the Delta (hereafter referred to as “OMR Flex”) from the start of OMR Management to the onramp
for Condition of Approval 8.4.1 (Larval and Juvenile Delta Smelt Protection Action) or the last day of
February, whichever comes first, during specific hydrologic conditions and in response to species-
specific restrictions. During OMR Flex operations, Condition of Approval 8.5 requires DWR to maintain
an OMR flow no more negative than -6,250 cfs on a 7-day average. DWR will continue to monitor fish in
real-time and operate in accordance with any additional real-time OMR restrictions described in
Conditions of Approval 8.2.1, 8.3.1, 8.3.2, 8.3.3,8.4.2,8.4.3,8.4.4, 8.4.5, and 8.4.7.

The first six requirements for OMR Flex require elevated flows in the Sacramento River or San Joaquin
River basins. These six requirements are: 1) the Delta is in excess conditions*; 2) QWEST is greater than
1,000 cfs; 3) X2 is less than 81 km; 4) daily average turbidity at HOL, OBI, and OSJ are less than 12 FNU;
5) a measurable precipitation event has occurred in the Central Valley; and 6) Reclamation and DWR
determine that net Delta outflow index indicates a higher level of outflow available for diversions due to
peak storm flows. Positive values of QWEST represent a net positive flow at Jersey Point, indicating a
positive flow westward to the confluence and Suisun Bay. Negative values of QWEST indicate greater
potential for fish entrainment in the south Delta and at the export facilities due to low inflow into the
Delta. During wet periods, the San Joaquin River and eastern Delta tributaries (Mokelumne, Cosumnes,
and Calaveras rivers) may provide sufficient flow to maintain a net positive flow in the lower San Joaquin
River (i.e., positive QWEST) despite high exports at the SWP and CVP facilities. Such flows would tend to
transport pelagic organisms in the main San Joaquin River channel toward Suisun Bay. By restricting
OMR Flex only when there are elevated flows in the Delta, Condition of Approval 8.5 minimizes the risk
to all LFS life stages of entrainment into the south Delta and subsequently into SWP export facilities.

Two biological requirements that must be met before OMR Flex can occur, per Condition of Approval
8.5, further minimize take of Covered Species. Biological requirements include: 1) no real-time OMR
protections are controlling SWP and CVP operations; and 2) cumulative loss of Coleman National Fish
Hatchery late-fall-run Chinook Salmon (yearling spring-run Chinook Salmon surrogate) at SWP and CVP is
less than 0.5 percent within any release group. If the eight requirements identified above are met,
WOMT may also require DWR and Reclamation to conduct risk assessments, using estimates of the real-
time distribution of Covered Species from SMT, SaMT, and WSMT, as well as particle tracking modeling
and prediction tool output to assess potential Covered Species entrainment risk differences under OMR
index scenarios of -5,000 and -6,250 cfs. If during OMR Flex, any of the last two biological requirements
are no longer being met, DWR must off-ramp OMR Flex to provide protections to Covered Species by
reducing exports to achieve an average OMR index no more negative than -5,000 cfs on a 14-day
average, unless further reduction in exports is required by a specific Condition of Approval. Off-ramp of
OMR Flex operations, again driven by analyses and recommendations of WOMT, is essential to reducing
take of DS and LFS when real-time data indicate fish are present in the zone of entrainment and when
salvage/loss data indicates fish are being entrained at the facilities.

4 Excess conditions are defined as periods when it is mutually agreed [DWR and Reclamation] that releases from
upstream reservoirs plus unregulated flows exceed Sacramento Valley in-basin uses plus Delta exports.
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Together, these eight requirements will minimize entrainment of DS by only allowing OMR Flex during
times when there is positive through-Delta flow from both the Sacramento River and the San Joaquin

River basins, there are no controlling Conditions of Approval, and the risk of entrainment is low based
on risk assessments evaluated by the SMT and WOMT.

9.5. Adult Delta Smelt

Adult DS are most vulnerable to entrainment into the SWP facilities when they disperse into the central
and south Delta for spawning. DS are strongly associated with turbid water (Feyrer et al. 2007; Feyrer et
al. 2011; Grimaldo et al. 2009; Sommer and Mejia 2013) and turbidity may serve as a cue for migratory
DS movements (Bennett and Burau 2015). Historically, higher adult DS salvage coincided with high
turbidity associated with first flush events (Grimaldo et al. 2009). The risk of entrainment for DS that
move into the central and south Delta is currently highest when net Delta outflow is at intermediate
levels (~20,000 to 75,000 cfs) and OMR flow is more negative than -5,000 cfs (USFWS 2008). Managing
the magnitude of negative OMR flows to limit regional turbidity increases in the south Delta, or limit the
zone of influence of the export facilities when turbidity is high, can avoid and minimize take of adult DS
at the SWP export facilities.

9.5.1. Banks Pumping Plant and Clifton Court Forebay

The primary management mechanism to minimize direct take of adult DS at the SWP is through OMR
flow requirements when conditions in the south Delta pose increased risk to DS. The following
Conditions of Approval describe how take of adult DS will be minimized through OMR flow
requirements.

9.3.1.1. Condition of Approval 8.3.1 — First Flush Action

This Condition of Approval will minimize take of adult DS by managing the magnitude of reverse OMR
flows when seasonal timing and environmental conditions indicate DS are migrating upstream to
potential spawning locations. The migratory contingent of adult DS is most vulnerable to entrainment
when they migrate from the LSZ to upstream spawning locations within the Delta. The population-scale
migration is cued by increased flow and turbidity during the winter that typically occur from December
to February, often referred to as the “First Flush” (Bennett and Burau 2015; Grimaldo et al. 2009;
Sommer et al. 2011). Flow and turbidity thresholds used in Condition of Approval 8.3.1 to define a first
flush event are a 3-day average turbidity of 50 NTU and flow of 25,000 cfs at Freeport on the Sacramento
River. During this migratory period DS become vulnerable to entrainment in the south Delta and the
export facilities. DS moving into the lower San Joaquin River when OMR flows are strongly negative are
at greatest risk of entrainment (Figure 33; Grimaldo et al. 2009). Following First Flush, fish are assumed
to make only local movements with little subsequent population-scale migration (Polansky et al. 2018).
The First Flush Action, as described in Condition of Approval 8.3.1 in the ITP, is intended to minimize the
take of adult DS by reducing both turbidity and fish entrainment into Old and Middle River channels
during the population-scale migration into freshwater spawning habitat in the winter.
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This Condition of Approval will limit the OMR flow to no more negative than -2,000 cfs for 14-days. This
OMR restriction will minimize take by reducing the zone of entrainment by the export facilities, allowing
fish safe passage to spawning areas where they are expected to hold until water temperatures facilitate
spawning in the spring (USFWS 2008). This Condition of Approval will initiate OMR management if it has
not already begun (see Section 9.2 above).
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Figure 33: Date and magnitude of salvage events of Delta Smelt plotted with OMR flows (Panel A: expanded
salvage); and Freeport mean daily flow (cfs) and turbidity (cfs) (Panel B) during water year 2012 (below normal
year). The horizontal red and blue dashed lines denote the date when 50 FNU and 25,000 cfs thresholds were
exceeded, respectively. The solid red vertical line in each graph represents the beginning of the First Flush event of
the season; the dashed vertical lines are subsequent events which meet the first flush turbidity and flow threshold
at freeport.

9.3.1.2. Condition of Approval 8.3.2 — Adult Delta Smelt Entrainment Protection Action
(Turbidity Bridge)

Condition of Approval 8.3.2 restricts OMR flows when daily average turbidity at OBI, HOL, and OS] is
greater than 12 FNU indicating a continuous bridge of turbidity extending from the San Joaquin River
through the south Delta and towards the export facilities (Appendix F). If after a First Flush Action or
after December 20, whichever occurs first, the daily average turbidity is 12 FNU or higher at each of the
three turbidity sensors identified, DWR will manage exports to achieve and maintain a 5 day-average
OMR index no more negative than -3,500 cfs until the daily average turbidity in at least one of the three
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turbidity sensors is less than 12 FNU for two consecutive days, thereby indicating a break in the
continuous turbidity bridge connecting the central Delta and the south Delta export facilities.

Management of OMR flows will minimize entrainment of fish into the south Delta and salvage facilities.
Condition of Approval 8.3.2 will minimize take of adult DS by reducing the magnitude of reverse flows in
the OMR corridor when turbidity is elevated in the south Delta. Turbidity greater than 12 FNU creates
attractive habitat conditions that support movement of DS from the lower San Joaquin River into the
south Delta and toward the export facilities (Smith et al. 2021).

Condition of Approval 8.3.2 (adult DS protections) may be triggered after a First Flush event or after
December 20, whichever occurs first, until the three-day continuous average water temperatures at
Jersey Point (SJJ) or Rio Vista (SRV) reach 53.6°F (12°C), or March, whichever comes first. Adult DS are
expected to migrate to tidal freshwater habitat during this period, and most post-spawned individuals
have been observed at temperatures greater than or equal to 53.6°F (12°C) (Damon 2016).

As discussed in Section 4.2.1 of this Effects Analysis, DS population-scale dispersal is initiated in response
to high turbidity and flow events associated with winter storms (Figure 34; Grimaldo et al. 2009 &
Bennett and Burau 2015). Additionally, increased turbidity within the OMR corridor may cue localized
dispersal. Since entrainment of DS into the south Delta generally occurs when turbidity is high, limiting
exports while turbidity is elevated in the region is expected to decrease entrainment of DS into the
south Delta and CCF.
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Figure 34: Salvage of Delta Smelt by length (mm FL) from December to April, grouped by water year. The shaded

grey areas indicate when daily average turbidity surpassed 12 FNU measured at the three water quality stations in
the south Delta (OBI, HOL, 0OSJ).
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9.3.1.3. Conditions of Approval 7.5, 7.5.1, 7.5.2 and 8.13 - Skinner Fish Salvage Facility
operations and staff

Conditions of Approval 7.5.1 and 7.5.2 require notification of outages at the Skinner Fish Salvage Facility
and a process to continue to develop and implement improvements at the facility. Condition of Approval
8.13 requires DWR to fund CDFW staff to work at the Skinner Fish Facility. Duties of the CDFW staff at
the Skinner Fish Facility include, but are not limited to: receive daily salvage data from the fish facilities,
conduct QA/QC on salvage data, train salvage facility staff, oversee salvage facility operations, work with
DWR to develop a revised Salvage Facility Protocol, and engage in real-time decision making to
determine whether reduced count times are appropriate. The salvage process at the Skinner Fish Facility
(along with the CVP salvage operation) generates the two largest data sources characterizing
entrainment and take of DS; collection of salvage data requires a high amount of sampling effort. The
duties performed by these staff will ensure proper identification of DS and LFS at the Skinner Fish
Facility. Proper fish identification and data collection allows accurate calculation of salvage. These staff
will also maintain consistency in operational protocols and ensure the generation of a robust QA/QC’ed
dataset. These salvage data will be used in OMR Management to curtail exports during periods of high
entrainment risk as identified by increased salvage. Together, these Conditions of Approval will serve to
minimize take by facilitating collection of accurate salvage data used to assess risk of entrainment and to
trigger protective OMR flow restrictions.

9.5.2. Barker Slough Pumping Plant

Adult Delta Smelt Avoidance and Minimization

By design, the BSPP fish screens will exclude older juvenile and adult DS (FL greater than or equal to 25
mm) from being entrained into the facility and will avoid and minimize take of these life stages (Section
6.3.2). BSPP is operated year-round, including times when DS adults may be present and susceptible to
impacts of BSPP operations. The diversion is located in or near DS spawning habitat in the north Delta.
While protective fish screens are effective at excluding larger fish, there is still a potential for take when
individuals contact the screen or are impinged; however, the rate of impingement and screen contact
will be minimized in dry and critical years from January — March as a result of export restrictions
required by Condition of Approval 8.10.2.

9.6. Larval and Juvenile Delta Smelt

Larval and juvenile DS are most vulnerable to entrainment when they hatch within the zone of influence
of export facilities. Newly hatched DS can behave similar to passive particles, initially occurring near the
surface, until the development of an air bladder at 15-16 mm TL (Bennett et al. 2002; Wang 2007). Thus,
larvae are likely dispersed via tidal currents and net flows after hatching (IEP-MAST 2015). Managing
SWP exports to limit the magnitude of reserve OMR flows when larval DS are within the zone of
influence of export facilities will minimize the number of larval fish entrained into the southern Delta
and SWP and CVP export facilities.
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9.6.1. Banks Pumping Plant and Clifton Court Forebay

Condition of Approval 8.4.1 — Larval and Juvenile Delta Smelt Protection

Condition of Approval 8.4.1 will minimize take of larval and juvenile DS by managing the magnitude of
reverse flows in the OMR channels when elevated turbidity within the south Delta indicates a high
likelihood of larval and juvenile DS presence (Smith et al. 2021). Management of OMR during these
periods will increase the likelihood that DS hatching in the lower San Joaquin River will successfully
reach important rearing habitat in the western portions of the SFE, downstream of the confluence of the
Sacramento and San Joaquin rivers. The USFWS DS life cycle model has shown that OMR Management
has lowered adult and post larval entrainment mortality (Smith 2019). Condition of Approval 8.4.1
requires OMR to be no more negative than -5,000 cfs when the average Secchi depth in the most recent
survey is greater than 1 meter. If the average Secchi depth in the most recent survey is less than 1
meter, then OMR will be no more negative than -3,500 cfs until the average Secchi depth has increased
to more than 1 meter.

As discussed in Section 0 of this Effects Analysis, salvage of all life stages of DS has become an
increasingly rare event as the population declines. Salvage has become difficult to predict. While
detections in monitoring programs have increased slightly following three years of experimental release
of cultured DS, monitoring survey detections remain substantially lower than the historical record
(Figure 4). Approximately 98% of all DS detected by the 20-mm Survey have been found in Secchi depths
less than 1 meter, indicating that larval and juvenile DS are associated with turbid waters. The shift from
triggering OMR limits based on salvage numbers (used in the 2020 ITP; CDFW 2020a) to triggering based
on a habitat-proxy will maintain substantial protections (i.e., minimize take) even as DS detections and
its population declines. Because of their continued population decline, detection of juvenile DS in
salvage and monitoring programs has become rare, and thus turbidity is likely a more reliable and
protective indicator of presence.

9.6.2. Barker Slough Pumping Plant

BSPP is operated year-round, including times when DS larvae, juveniles, and adults may be present and
susceptible to impacts of BSPP operations, such as entrainment into the facility. The diversion is located
in or near DS spawning habitat in the north Delta. Per screening criteria required by CDFW, each of the
ten BSPP bays are equipped with a positive barrier fish screen consisting of a series of flat, stainless
steel, wedge-wire panels with a slot width of 3/32 inch. This configuration is designed to exclude fish
approximately 25 mm FL or larger from being entrained into the facility. The bays tied to the two smaller
units have an approach velocity of about 0.2 ft/s. The larger units were designed for a 0.5 ft/s approach
velocity, but actual approach velocity is about 0.44 ft/s.

Condition of Approval 8.10 — Barker Slough Pumping Plant Longfin and Delta Smelt Protection

Condition of Approval 8.10.1 requires DWR to operate BSPP from March 1 to June 30 to minimize take
of larval and small juvenile DS (FL less than or equal to 25 mm) in dry or critical years when fish are
present in the area. Although positive barrier fish screens like those in Barker Slough have been shown
to exclude larval fishes smaller than their design criteria (Nobriga et al. 2004), their effectiveness at
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screening these smaller fish is assumed to be low, especially at the end of a terminal slough where there
are no sweeping flows to assist fish in avoiding the intake facility.

Historically, younger juvenile and larval DS (FL less than 25 mm) are caught in higher numbers in Lindsey
Slough (station 718, downstream of Barker Slough) from March to April, however hatching and rearing
distributions shift to areas closer to Cache Slough (station 716) later in the season (May-June).
Additionally, risk of entrainment for DS larvae and young juveniles is greatest in critical and dry water
years when low outflow reduces the downstream dispersal and BSPP pumping rates increase (DWR
2024a). Export restrictions for BSPP during dry and critical years will minimize take of younger DS
juveniles and larvae by decreasing exports when fish are detected at nearby sampling stations (Figure
35). CDFW 20-mm station 720 is the closest monitoring station to Barker Slough, however it is difficult to
sample due to excessive vegetation growth and DS larvae are not detected at this station as frequently
as at stations 716 and 718. For these reasons station 720 was not utilized for Condition of Approval
8.10.1.
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Figure 35: Delta Smelt fork length (mm) over time, from March 1 to July 19 for 20-mm Survey from 1995-2022. Red
circles and blue triangles represent individual fish from stations 716 and 718, respectively.
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9.7. End of OMR Management: Smelt Temperature Off-ramps

Condition of Approval 8.6 requires OMR Management for LFS and DS to continue until the water
temperature at CCF (CDEC station CLC) is 25 °C or higher for three consecutive days, or June 30,
whichever occurs first. The following analysis evaluates entrainment minimization achieved from
Condition of Approval 8.6 because of the smelt-specific temperature off-ramps from OMR Management,
which must be met for OMR Management to off-ramp prior to June 30.

To evaluate the effectiveness of the smelt species OMR Management temperature off-ramps in
reducing entrainment, this section includes a review of DS and LFS temperature tolerance, DS and LFS
historical presence in the south Delta in June, evaluation of historical temperature data at the three
stations included in Condition of Approval 8.6, and historic temperature variability across the interior
Delta.

Temperature Station Off-Ramp

Daily average temperature data for the month of June in water years 2010-2022 was obtained from
CDEC for the three OMR Management temperature off-ramp stations: Mossdale (MSD), Prisoner’s Point
(PPT), and CCF (CLC). Data from each station was filtered to only include the specific day in June of each
water year in which OMR Management was off-ramped based on the temperature criteria.

Daily average temperature data for the month of June was downloaded from CDEC for each station for
water years 2010 to 2022. Temperature data for all stations was filtered to only include dates where
daily average temperatures of 22.2 °C or greater were observed in June to determine the dates in which
the temperature off-ramps were met. The date of the seventh non-consecutive day of temperatures
exceeding 22.2 °C (MSD and PPT) and date of the third consecutive day of temperature exceeding 25 °C
(CLC) were identified as the “off-ramp” dates for salmonids and smelt, respectively, for years 2010-2022.
The June temperature dataset was visually analyzed by plotting individual box plots for each station
within each year.

Temperature Variability Across the Delta

Thirteen temperature stations were selected from CDEC to represent the southern, central, and
northern regions of the interior Delta. These stations included: MSD, CLC, BDT, MHO, OH4, SJG, OBI,
TRN, HLT, ORQ, BET, PPT, and BLP (Table 12 and Figure 36Figure 36).

Table 12: California Data Exchange Center (CDEC) temperature stations in the interior Delta listed south to north by
location.

Temperature station Location
MSD San Joaquin River at Mossdale Bridge
CLC Clifton Court Forebay
BDT San Joaquin River at Brandt Bridge
MHO Middle River near Howard Road Bridge
OH4 Old River at Highway 4
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Temperature station Location

SIG San Joaquin River at Garwood Bridge
OBl Old River at Bacon Island
TRN Turner Cut near Holt
HLT Middle River near Holt
ORQ Old River at Quimbly Island Near Bethel Island
BET Bethel Island
PPT Prisoners Point
BLP Blind Point
PPT
BET
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o TRN
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Figure 36: Map of the interior Delta showing the locations of the thirteen temperature stations (black dots) from
California Data Exchange Center (CDEC). Temperature stations that off-ramp Old and Middle River Management as

described in Condition of Approval 8.8 are indicated with an orange dot.
Results and Discussion

Larval and juvenile DS are generally found inhabiting water temperatures below 25°C (Nobriga et al.
2008; Sommer and Meija 2013). This upper thermal limit of 25°C is consistent with physiological studies
of larval and juvenile DS in the lab (Swanson et al. 2000; Komoroske et al. 2014). This is further
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supported by historic salvage data which indicates that juvenile salvage in July is uncommon and sparse
compared to juvenile salvage prior to July (see Figure 24 in Section 8.2 of this Effects Analysis).
Therefore, it is expected that DS move out of the south Delta or perish once temperatures approach and
exceed this limit. As such, when south Delta temperatures reach a daily average of 25°C for three
consecutive days at CCF, it is expected that DS are no longer within the entrainment zone of the SWP.
Thus, the OMR Management off-ramp temperature station at CCF effectively minimizes take of DS, as
they are no longer present in CCF or the south Delta to take.

For larval and juvenile LFS, thermal stress occurs at water temperatures of 20°C and above (Jeffries et al.
2016). Most LFS will begin moving out of the Delta in the early summer as water temperature
approaches their thermal limit. Salvage data indicates that juvenile LFS have generally left the south
Delta by June in most years. While salvage has occasionally been observed in July, it was generally
sparse (see Figure 10 in Section 5.2 of this Effects Analysis). By the end of June, most LFS are expected to
emigrate downstream toward more saline habitats. Most juveniles are expected to rear in intermediate
salinities in San Pablo Bay, while a successively smaller, remnant group of fish rears in Suisun Bay during
the summer (Baxter et al. 1999, USFWS 2022). Therefore, when south Delta temperatures reach a daily
average of 25°C for three consecutive days at CCF, it is expected that LFS are no longer within the
entrainment zone of the SWP. Thus, the OMR Management off-ramp temperature station at CCF
effectively minimizes take of LFS.

Temperature Station Off-Ramp

Table 13 provides a summary of the dates in June during each water year (2010-2019) in which the OMR
Management species-specific temperature off-ramps established in Condition of Approval 8.6 would
have occurred.

Table 13: Dates when Old and Middle River (OMR) management season was off-ramped each water year by
calendar date or water temperature in June during water years 2010-2022. OMR Management for Delta Smelt and
Longfin Smelt is off-ramped when Clifton Court Forebay daily water temperature exceed 25°C for three consecutive
days. OMR Management for salmonids is off-ramped when Mossdale and Prisoner’s Point daily water temperature
exceeds 22.2°C for seven days, including non-consecutive days. If the temperature conditions are not met, OMR
Management is automatically off-ramped on June 30. A * and ** are used to indicate when the temperature
condition to off-ramp OMR Management was met for the smelts and salmonids respectively. During water year
2010, OMR Management was off-ramped by both the temperature and calendar date conditions.

Date Clifton Court

Date Mossdale threshold Date Prisoner’s Point
Water year Forebay threshold was
was met threshold was met
met
2010 June 30* June 30 June 30
2011 June 30 June 30 June 30
2012 June 30 June 15 June 30
2013 June 30 June 07 June 30
2014 June 09* June 07 June 10**
2015 June 13* June 07 June 14**
2016 June 05* June 07** June 07**
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Date Clifton Court

Date Mossdale threshold Date Prisoner’s Point
Water year Forebay threshold was
met was met threshold was met
2017 June 22* June 30 June 26
2018 June 25* June 24** June 16
2019 June 30 June 30 June 23
2020 June 25* June 28** June 08
2021 June 20* June 07** June 07**
2022 June 27* June 15 June 16**

For smelt, the CCF temperature station would have off-ramped OMR Management prior to June 30 in 8
of the 12 years. During the other 5 years, the OMR Management end date of June 30 would have off-
ramped OMR Management for smelt prior to temperature criterion. As discussed above, few smelt, if
any, are expected remain in the south Delta past June or when water temperatures meet or exceed
25°C, therefore the off-ramp provides effective entrainment protections for both smelt species if
present in June.

Temperature Variability Across the Delta

As shown in Figure 37, in most water years (2012-2016, 2018, 2021, and 2022) there is a decreasing
trend in water temperature from the southern Delta near CCF to Prisoner’s Point on the San Joaquin
River. However, in wetter water years (2011, 2017, and 2019), the trend reverses and shows water
temperatures increasing from CCF to Prisoner’s Point. This difference in spatial patterns of water
temperature may be due to relatively cold temperatures and low residence time on the San Joaquin
River under higher flow conditions, especially compared to locations within the south Delta like the Old
River stations OBl and OH4. This shows that regional temperature stratification within the southern
Delta is likely influenced by the magnitude of San Joaquin River inflow. Further study and analysis are
needed to determine the relationship between San Joaquin River flows and south Delta temperature
patterns.
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Figure 37: Box plots showing mean daily temperature trends in the month of June for each water year from 2010 through 2022. Temperature stations from
California Data Exchange Center (CDEC) are listed on the x-axis in order from south (MSD; Mossdale) to north (BLP; Blind Point). The blue trendlines indicate the
direction of temperature change across the interior south Delta as represented by the temperature stations. The salmonid Old and Middle River (OMR)

Management temperature offramp of 22.2°C is represented by a solid red line. The smelt OMR Management temperature off-ramp of 25°C is represented by a
dashed red line.
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The smelt and salmonid OMR Management off-ramp temperature stations at CLC and MSD are located
in the southern portion of the Delta and are assumed to be representative of conditions for fish
throughout the southern Delta. As described above, potential OMR limits in effect prior to the
temperature off-ramps provide entrainment protection to the smelt species and salmon. DS, LFS and
salmon are expected to vacate the south and interior Delta when water temperatures increase in June
and be essentially absent when temperature triggers the OMR Management off-ramp.

9.8. Additional Measures

This section describes Conditions of Approval that are intended to avoid and minimize take and related
impacts of the taking to a Covered Species other than DS but may provide ancillary protections to DS
when implemented.

Condition of Approval 8.2.1 - Natural-origin Winter-run Chinook Salmon Early Season Weekly Loss
Thresholds

This Condition of Approval will limit exports to achieve a 7-day average OMR index of no more negative
than -5,000 cfs for seven consecutive days when weekly loss of genetically verified CHNWR or CHNSR
exceeds weekly loss thresholds. This Condition of Approval will be active from November 1 through
December 31. If the thresholds are exceeded during this time and exports are limited, it will reduce the
impacts to and take of adult LFS that are migrating and spawning in the Delta by reducing the magnitude
of negative OMR flow, because the magnitude of negative OMR flow is positively correlated with salvage
of LFS (Grimaldo et al. 2009).

Condition of Approval 8.4.2 — Larval and Juvenile Longfin Smelt Entrainment Protection

This Condition of Approval will limit exports to maintain a 7-day average OMR index of no more negative
than -3,500 cfs for seven days when larval and juvenile LFS catch at stations 809 and 812 by SLS or 20-
mm Survey exceed the threshold. This Condition of Approval will also limit exports to maintain a 7-day
average OMR index of no more negative than -3,500 or -2,500 cfs for 14 days when the cumulative
juvenile LFS salvage at CVP and SWP facilities exceed 50% or 75% of the annual salvage from 2009
through the water year preceding the current water year respectively. If the thresholds are exceeded
between March and June, it will reduce the impacts to and take of larval and juvenile DS that are
present in the central and south Delta by reducing the magnitude of negative OMR flow (OMR is
negatively correlated with entrainment of DS; Grimaldo et al. 2009).

Condition of Approval 8.4.3 — Winter-run Chinook Salmon Annual Loss Threshold

This Condition of Approval will limit exports to maintain a 7-day average OMR Index of no more negative
than -3,500 or -2,500 cfs for seven consecutive days when annual loss of natural or hatchery CHNWR
exceeds 50% or 75% of their respective calculated annual loss threshold. This Condition of Approval will
be active between July 1 and June 30. If the thresholds are exceeded during December to February, it
will reduce the impacts to and take of adult DS that are migrating within the Delta and zone of influence
by reducing the magnitude of negative OMR flow (Grimaldo et al. 2009). Similarly, if the thresholds are
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exceeded during March to June, it will reduce the impacts to and take of larval and juvenile DS present
in the central and south Delta by reducing the magnitude of negative OMR flow.

Condition of Approval 8.4.4 — Natural-origin Winter-run Chinook Salmon Weekly Distributed Loss
Thresholds

This Condition of Approval will limit exports to maintain a 7-day average OMR index of no more negative
than -3,500 for seven consecutive days when the weekly loss of CHNWR exceeds the loss threshold
(Table 6 in the ITP). This Condition of Approval will be active between January 1 and the end of OMR
Management. If the thresholds are exceeded during January or February, it will reduce the impacts to
and take of adult DS that are migrating within the Delta by reducing the magnitude of negative OMR
flow (Grimaldo et al. 2009). Similarly, if the thresholds are exceeded between March and June, it will
reduce the impacts to and take of larval and juvenile DS that are present in the central and south Delta
by reducing the magnitude of negative OMR flow.

Conditions of Approval 8.4.5 — Spring-run Chinook Salmon Protection Action and Surrogate Annual
Loss Thresholds

This Condition of Approval will limit exports to maintain a 7-day average OMR index of no more negative
than -5,000 (in November or December) or -3,500 cfs (on or after January 1) for seven consecutive days
when the cumulative loss threshold for each CHNSR surrogate groups is exceeded. This Condition of
Approval will be active between November 1 through the end of OMR Management. If the thresholds
are exceeded between December and February, it will reduce the impacts to and take of adult DS that
are migrating within the Delta by reducing the magnitude of negative OMR flow (Grimaldo et al. 2009).
Similarly, if the thresholds are exceeded between March and June, it will reduce the impacts to and take
of larval and juvenile DS that are present in the central and south Delta by reducing the magnitude of
negative OMR flow.

Conditions of Approval 8.12 - Spring Delta Outflow Implementation

Implementation of this Condition of Approval is described in Section 6.7. This Condition of Approval is
intended to augment Delta outflow during a critical time in the life history of all five Covered Species.
When March, April and May Delta outflow is augmented, salinity in Suisun Bay is reduced and central
Delta productivity is dispersed westward, improving habitat for DS. Reductions in outflow during such
conditions could restrict DS rearing habitat in upstream, less favorable habitat in the central Delta.
Augmenting spring Delta outflow through a combination of increased releases from reservoirs and
export curtailments improves entrainment conditions in the south Delta for all lifestages of DS.
Additionally, increases in spring Delta outflow are associated with increased food web transport to, and
productivity in, Suisun Bay. Through implementation of this Condition of Approval, SWP-caused
reductions to spring flows will be more limited, minimizing the effects on rearing young of the year DS
and maintaining sufficient transport of food resources to downstream rearing areas.
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10. Mitigation for the Take and Impacts of the Taking of
Delta Smelt

10.1. Summer and Fall Operation of the Suisun Marsh Salinity Control Gates

Salinity in Suisun Marsh can be managed through operation of the SMSCG by directing low salinity water
from the Sacramento River into Montezuma Slough on the outgoing ebb tide and then closing the gates
and restricting the flow of higher salinity water from Grizzly Bay into Montezuma Slough during
incoming flood tides. Directing Sacramento River inflow through the marsh results in an upstream
salinity intrusion from Suisun Bay towards the confluence region. This salinity intrusion must be offset
with reservoir releases or export reductions to maintain water quality standards in the interior Delta.
Together, the paired operation of SMSCG and inflow augmentation, result in enhanced low salinity
habitat in Suisun Marsh and portions of Grizzly Bay.

DWR has historically operated the SMSCG from October through May, and the gates remained open
from June through September. In 2018, DWR implemented a pilot study to understand changes in
salinity within the marsh as a result of tidal gate operations during the summer (DWR 2018). In 2018 this
“re-operation” of the SMSCG was proposed as a tool for managing the size and extent of DS habitat
within the marsh (and potentially parts of Grizzly Bay) during times of the year when temperature limits
the amount of suitable habitat (see discussion in Section 8.4, above).
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Figure 38: UnTrim modeling of average August 2018 habitat conditions in the Suisun Region with and without the
Suisun Marsh Salinity Control Gate Action (left panels) and their net effect (right panel). The graph is summarized
based on the percentage of time that habitat was less than 6 psu [Figure 14 from (DWR 2019)].

UnTrim models run prior to the operation of the gates in 2018 suggested that operation of the SMSCG
during August would produce salinity conditions within the marsh and parts of Grizzly Bay lower than
what was expected to occur under normal operations (Figure 38Figure 38). Salinities in the marsh were
reduced as predicted by the model. This action likely also provided some additional low salinity
conditions in the marsh through the first week of September after gate operations ended. The water
temperature in Suisun Bay and Suisun Marsh were below 22 °C during the 2018 pilot action (Figure
39Figure 39) at the same time the SMSCG operations reduced salinity in the marsh, resulting in a greater
extent of high quality DS habitat during the summer. However, a review of water quality data from
August of 2018 was unable to conclude whether salinities changed in Grizzly Bay as predicted by
modeling due to a lack of fine scale sampling stations in the margins of Grizzly Bay at the time (Figure
40Figure 40). It is possible that the changes in salinity occurred in areas not represented by the nearest
CDEC stations in Grizzly Bay (Figure 40 and Figure 41), and were undetected.
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Figure 39: Temperature at CDEC stations BDL, BLL, GZB, GZL, HUN, MSL, and NSL within Suisun Marsh and Grizzly
Bay through the summer and fall of 2018. The lines are LOESS smoothers of water temperature included to depict

data trends. The shaded box represents the period of Suisun Marsh Salinity Control Gate operation.
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Figure 40: Salinity over time for CDEC stations BDL, BLL, GZB, GZL, HUN, MSL, and NSL during summer August 2018
when the pilot Suisun Marsh Salinity Control Gate study was conducted. Daily average salinity (ppt) plotted on the
y-axis for stations in the proximity of the Suisun Marsh. The shaded box represents the period Suisun Marsh Salinity
Control Gate operation; a horizontal red line represents 6 ppt; and a vertical dashed line represents September 11,

the date after which salinities appear to return to pre-operation levels.
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Figure 41: Map of California Data Exchange Center water quality stations within Suisun Marsh and Grizzly Bay. All
seven stations are plotted on the map with their respective abbreviations. The SMSCG and MSL are the most
upstream locations of the seven Suisun stations while GZB is the most downstream location.

In 2023, the SMSCG were operated from August 15 through October 17 to comply with Conditions of
Approval 9.1.3 (Delta Summer-Fall Habitat Action) and 8.19 (Additional 100 TAF for Delta Outflow) in the
2020 SWP ITP (USBR 2023). Habitat conditions were measured in three key regions: Suisun Marsh,
Suisun Bay, and the lower Sacramento River by monitoring relevant abiotic and biotic factors (Figure
42). In 2023, Suisun Bay generally had suitable water temperatures and turbidity during the summer and
fall. The salinity in Suisun Bay rose above 6 psu in August, then decreased upon operation of the SMSCG
and again at the beginning of the implementation of the fall X2 action until increasing again above 6 psu
later in October (Figure 42). In Suisun Marsh the salinity and turbidity were generally within the suitable
range for DS during the summer and fall of 2023. Average daily temperatures were below 22°C at most
stations in Suisun Marsh until late July when temperatures rose slightly more than in Suisun Bay (Figure
42). Temperatures in the marsh dropped back below 22 °C in September and October. In the lower
Sacramento River, the salinity was within the appropriate range during the August through October
timeframe, while turbidity and temperature were not (Figure 42).

Hindcast modeling suggests that the SMSCG action in 2023 increased LSZ habitat by an average of 400
acres in Suisun Bay and an average of 500 acres in Suisun Marsh over the course of the summer (Figure
43). This increase was primarily observed in the western regions of Suisun Marsh and the north-west
region of Grizzly Bay, creating a corridor for smelt to access locations with greater food supplies and
habitat such as the Tule Red restoration site. Modeling suggests this response would be expected in
other wet or above-normal years if the SMSCG are operated continuously in conjunction with a monthly
average X2 target of 80km. However, a more modest increase in habitat acreage is expected in dry and
below-normal years.
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Figure 42: Plot of daily average chlorophyll, salinity, temperature and turbidity at continuous monitoring stations
throughout the area, June through November 2023. Black dotted lines indicate Delta Smelt habitat thresholds, and
the gray dotted line is a commonly used reference point for high plankton growth. Red vertical lines indicate the
start and end dates of the Suisun Marsh Salinity Control Gate action. [Figure 11 from USBR (2023)]
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Figure 43: Map of modeled low salinity zone habitat (less than 6 psu) in the no-operation versus Suisun Marsh
Salinity Control Gate operational scenario and differences between scenarios, using 2017 hydrology. [Figure 14
from USBR (2023)]

In both years, when the SMSCG were operated in the summer and fall, a low salinity corridor was
created that extends from the lower Sacramento River and confluence through Montezuma Slough and
into Grizzly Bay (Figure 38 and Figure 43). Gate operations created a greater number of days when
habitat conditions were suitable for DS in Suisun Bay and Marsh than compared to other regions of the
Delta in 2018 and 2023 (Figure 44). The additional suitable habitat created by this LSZ corridor provided
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DS access to the restoration areas of Tule Red, Wings Landing, and Hill Slough when the gates were
operated on a daily basis for 60-days, as was done in 2023.
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Figure 44: Number of days water quality conditions in Suisun Bay, Suisun Marsh, and Sacramento River met the
Delta Smelt habitat suitability criteria (e.g., less than 6 psu salinity, less than 22 °C temperature, greater than 12
FNU turbidity) [Figure 12 from USBR (2023)]

Condition of Approval 9.1.3 will help mitigate the impacts of the project on DS by increasing the amount
of suitable habitat accessible to DS during the summer and fall in above normal, below normal, and dry
years. The SMSCG operations can lower salinities in Suisun Marsh and portions of Grizzly Bay, providing
DS access to regions where temperatures and turbidities are typically most suitable for DS growth and
survival (Figure 44, Schoellhamer 2001; Sommer et al. 2020). This action provides the greatest benefit
from July through September when temperatures are a limiting abiotic factor in upstream regions
(Figure 25).

In addition to the anticipated benefits from operating SMSCG for a 60-day period in summer, the action
is also expected to produce some low salinity conditions in the fall of BN and D years as an ancillary
effect of operating the SMSCG in the summer. Salinities at Belden’s Landing remained low, around 4 ppt,
for 1-2 weeks following the end of SMSCG operations in August 2018. This additional habitat will
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diminish in size over time as salinity returns to baseline conditions; it may re-establish when SMSCG
operations resume in October. Even incremental increases in DS habitat will provide some amount of
additional benefit in fall of BN and D years.

Improvements in DS summer habitat through SMSCG operations are required as mitigation for impacts
to DS and described in Conditions of Approval 9.1.3,9.1.3.1, and 9.1.3.2.

10.2. Fall X2

Scientific research has demonstrated that changes in abiotic conditions encountered by rearing DS in the
fall have significant overall effects on population size (Bever et al. 2016; Feyrer et al. 2011, IEP-MAST
2015). This relationship established that from September through December, sub-adult DS distribution
and survival responds to changes in abiotic conditions in the low salinity portion of the estuary. USFWS
(2008) defined suitable habitat for DS during this time period as “the abiotic and biotic components of
habitat that allow DS to survive and grow to adulthood.” Biotic components of habitat include suitable
amounts of food resources and sufficiently low predation pressure; abiotic components of habitat
include the physical characteristics of water quality parameters, especially temperature, salinity and
turbidity. As described above, many of these abiotic and biotic components of fall habitat for DS are
typically enhanced when the LSZ extends into Suisun Bay and Marsh. Condition of Approval 9.1.3 will
provide low salinity habitat in parts of Grizzly Bay and Honker Bay and most of Suisun Marsh by
requiring an X2 of 80 km on a 30-day average for the months of September and October in wet and
above normal water years. This Condition of Approval will provide DS access to parts of Suisun Bay and
Marsh where regional water temperatures are lower (Figure 25), turbidities are higher, and survival is
improved.

UnTrim modeling of DS LSZ habitat distribution in the Sacramento-San Joaquin confluence through
Suisun Bay during fall indicates that an X2 of 80 km would be the maximum location in which portions of
Grizzly Bay are still within the extent of the LSZ; at a X2 of 81, Grizzly Bay no longer contains low salinity
habitat (Figure 48). Similar models have estimated the surface area of the LSZ based on X2 locations.
These models show that a X2 of 80 km produces approximately 1,340 hectares more low salinity habitat
than a X2 of 81 km, representing a 25% increase (Table 2-1 in Brown et al. (2014)). Shifting X2 to
locations upstream of 81 km results in consistently smaller, incremental changes. Once the LSZ is
constrained to the confluence, little variation in surface area of salinity habitat occurs as X2 moves
upstream of 80 km. Estimates of the distribution of DS suitable habitat based on methods developed in
Feyrer et al. (2011) also show an increase in suitable habitat index when X2 is positioned at 80 km as
compared to 81 km (Table 3-1 in Brown et al. (2014)).
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Figure 45: UnTrim model depictions of the percent time that salinity less than 6 psu for X2 locations of 80 km (left)
and 81 km (right). [From Figure 6 and Figure 7 in USBR (2017)].

As a result of the Condition of Approval 9.1.3 requirement to maintain X2 at 80 km or less on a 30-day
average during September and October, DS will have improved access to parts of Suisun Bay and most of
Suisun Marsh in fall of wet and above normal years. This will mitigate the effects of Project operations
on the DS population by providing suitable abiotic conditions in the Suisun region where DS survival and
growth is improved.

Findings from (Miller et al. 2012; Rose et al. 2013a; Rose et al. 2013b) have demonstrated that increased
prey density for rearing DS may also have significant beneficial effects on population size during this
time. As discussed in Section 8.6, by shifting the geographical location of LSZ habitat through increases
in outflow, DS will also have improved food availability, either through access to more productive
wetlands in Suisun Marsh (Brown et al. 2016) or by subsidizing food resources into the area from
freshwater regions upstream (Jassby and Powell 1994; Kimmerer 2002b; Kimmerer et al. 2018). Finally,
other stressors on DS are expected to be reduced when X2 is held at 80 km or less, such as reduced
exposure to contaminants due to dilution as well as a reductions in microcystis abundance by decreasing
residence time (Lehman et al. 2017).

However, recent findings from a state-space life cycle model have suggested that over-summer survival
had become a substantial contributor in the reduction of adult DS through the time series analyzed
(Smith et al. 2021). Specifically, the reduction in June — August summer flows was correlated to
increasing mortality of postlarvae. This finding was later supported through the addition of a bio-
energetic approach to the state-space life cycle model which further suggested that the mechanisim
behind this relationship between summer flows and postlarval mortality was the abundance and
availability of P. forbesi within the low salinity zone (Polansky et al. 2024). Collectively, these findings
suggest that while the fall remains an important season for DS rearing and growth, the summer period
has become an increasingly more important season regarding DS survival.

A Fall X2 synthesis will be a first step in an adaptive management process regarding summer and fall
habitat for DS that is part of the AMP (ITP Attachment 4, Condition of Approval 8.15). This DWR led
multi-agency synthesis will analyze the suite years where a Fall X2 action was implemented with the
intent of understanding the efficacy of the action as it relates to benefits to DS. The results of this effort
will guide a process through the Adaptive Management Program to consider how the Fall X2 action
could shift into an action which targets the June — August period.
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10.3. Delta Smelt Supplementation

Since 2017, DWR has facilitated studies to determine the best methods to manage releases of cultured
DS into the wild to maximize survival and retention of genetic diversity and minimize risk to the wild
population. As described in Section 4.2, experimental releases from the refugial population began in
water-year 2022 with the goal of refining methods to be used in large scale supplementation of wild DS.
The experimental releases phase of the supplementation program is expected to be complete at the end
of water-year 2024. Beginning in water-year 2025, DWR and Reclamation will support a developing and
refining a supplementation strategy which will guide the minimum production of cultured DS of at least
200 days post hatch or equivalent necessary to achieve stated supplementation strategy goals.
Specifically, pursuant to Condition of Approval 9.1.4, DWR will fund a new Environmental Program
Manager 1 Managerial CDFW staff position to actively engage in scientific research, technical teams, and
management teams for this effort. The goal of supplementation is to create a self-sustaining population
of wild DS within the Delta. The number of fish released is expected to adjust as culture and release
methods are improved, new facilities are developed and built, and the best available science informs
release targets to achieve the goal stated above.

In preparation for expanding DS culture and production to allow supplementation of the wild
population, a group of researchers, experts in fish culture, and geneticists developed a Supplementation
Strategy. The updated Supplementation Strategy will identify a need for additional facilities and
evaluation of new approaches to maintain increased numbers of cultured DS, support supplementation,
improve transportation and release of DS, maximize genetic diversity, and minimize domestication
effects. DWR and Reclamation will collaborate with USFWS and CDFW for the remainder of this planning
effort. Final thoughts will be incorporated into an updated supplementation strategy previously released
by USFWS (USFWS 2020). Currently, the Supplementation Strategy calls for the construction and
operation of facilities capable of meeting production of 400,000 — 500,000 DS that are at least 200 days
post-hatch by water-year 2030, however these objectives may change as the strategy is updated over
the next year.

While the goal of the DS supplementation program is to create a self-sustaining, genetically diverse
population of DS in the wild, it is acknowledged that the supplementation program alone cannot achieve
that goal. The success of the program also depends on implementation of other minimization and
mitigation measures, such as tidal wetland restoration projects, and implementation of summer/fall
habitat objectives to improve the quality of habitat within the Delta, Suisun Bay, and Suisun Marsh.
Increases in detections by monitoring programs and annual abundance indices above zero would
indicate a detectable population at each life stage (20-mm Survey: larval juvenile, STN: juvenile —
subadult, FMWT: sub adult — adult) and are the first signs of achieving the supplementation goal.

To conserve the genetic variation of the wild DS population during this period of low abundance, a
refuge population has been maintained at the UC Davis FCCL in Byron, CA since 2006 (a smaller, backup
population exists at Livingston Stone National Fish Hatchery in Shasta Lake, CA). In addition to providing
a source of fish for research purposes, the refuge populations serve as a reservoir of DS genetic diversity
that has been specifically managed for potential wild population supplementation or reintroduction.
Maintaining this genetic diversity is critical until the upper estuary and Delta can once again support a
self-sustaining wild population of DS.
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10.4. Tidal Wetland Restoration

Modeling studies have demonstrated that there is a substantial effect of the water projects on particle
movement and losses at export facilities within the Sacramento-San Joaquin Delta (Kimmerer and
Nobriga 2008, Kratville 2008, Hammock et al. 2019b). Using the Delta Simulation Model-2 results from
Kimmerer and Nobriga (2008), Kratville (2008) estimated that a total of 21,885 acres of wetland were
impacted by all water exports with respect to particles lost from SFE. This estimate assumes an E:l ratio
of 0.35 and attributes 55.18% of the impacted wetlands to SWP based on the percentage of total water
exports from the SWP vs CVP. This results in a total estimated impact from SWP operations of 8,047 to
12,076 acres (Delta Fish Agreement Summary 2008). The loss of these particles represents a potential
reduction of zooplankton and other food resources for DS, which has been hypothesized as a
contributing factor to the decline of DS (Baxter et al. 2008). To mitigate these effects, the 2008 USFWS
Biological Opinion and the 2009 CDFG Consistency Determination (CDFG 2009c) required that by 2019,
8,000 acres of tidal wetland be restored as a reasonable and prudent alternative. This acreage value was
updated to 8,396 acres in the 2020 ITP (CDFW 2020a). Tidal wetlands are highly productive areas, but
their acreage has declined by 90% due to human development since the 1800’s (Goodwin et al. 2001).
Restoration of tidal wetlands is expected to increase foraging habitats for many fish species including DS
(Hammock et al. 2019a) as well as export zooplankton into surrounding water bodies (Odum 1980, |EP
2017).

The Fish Restoration Program (FRP) was created in 2010 (FRP 2010) to implement required restoration.
FRP has facilitated restoration of numerous tidal wetland projects within the SFE spanning from the
Cache Slough Complex down to Suisun Bay (Figure 46) with more projects planned for future to reach
the current 8,396 acre requirement set in the 2020 ITP (CDFW 2020a). This requirement has been
carried forward in the 2024 SWP ITP, which requires all siting, design, and restoration to be completed
within 1.5 years of permit issuance. The restoration of the 8,396 acres is expected to mitigate the loss of
food web resources from SWP operations. In addition to restoring tidal wetlands, FRP monitors the
restored sites along with reference wetlands to investigate invertebrate abundance, a metric of food
resources for DS, and fish occupancy within the restored tidal wetlands. FRP monitors reference
wetlands to establish baseline conditions and to isolate the effects of restoration on the wetlands from
broader regional patterns/effects. Preliminary data suggest that invertebrate abundances within
restored tidal wetlands are comparable to surrounding reference wetlands (Figure 47). However, many
of these restored wetlands were created recently (less than 5 years) and invertebrate abundance may
change as the wetland communities become more established. Condition of Approval 9.1.

Native fishes, such as Chinook Salmon, have been found within restored tidal wetlands suggesting that
restoration sites have the capacity to act as foraging areas for threatened species; however, no DS have
been detected yet in any of the restoration sites (Sherman et al. 2023). However, restored tidal
wetlands can benefit DS by exporting zooplankton into surrounding waterbodies (Odum 1980, IEP 2017).
Directed flux studies are needed in these restored tidal wetlands to determine if there is a net export of
zooplankton into surrounding waterbodies. Other flux studies within the SFE suggest that tidal wetlands
have the potential to be a net exporter of organic products (Lehman et al. 2010) although they can act
as a sink for zooplankton if predation within wetlands is substantial (Dean et al. 2005).
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Figure 46: Map of tidal wetlands that are currently under restoration or planned for future restoration as part of
the Fish Restoration Program Agreement as of 2022. Reference wetlands are highlighted in green, which are
monitored for baseline conditions to determine the efficacy of restoration.
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Figure 47: The graph depicts average invertebrate abundances within a subset of restored and reference wetlands
monitored by the Fish Restoration Program (FRP). Each panel represents a separate restoration project and the
different data points correspond to the four sample types that FRP collects: 500 um mesh macrozooplankton

trawls, 150 um mesh mesozooplankton trawls, 500 um mesh neuston trawls, and 500 um mesh sweep nets within
aquatic vegetation. Catch per Unit Effort (CPUE) for sweep nets is defined as number of individuals per sample
rather than per m. The grey portions within each panel represent samples that were collected before restoration of
the tidal wetland. Note that different projects have different dates when they were completed. Error bars denote 1
standard error.
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