EFFECTS OF THE PROPOSED ACTION

Introduction

The Status of the Species/Environmental Baseline sections described the multitude of
factors that affect delta smelt population dynamics including predation, contaminants,
introduced species, entrainment, hatsuitability, food supply, aquatic macrophytes,
andmicrocystis The magnitude of the adverse effects of many of these factors on delta
smelt is related to hydrodynamic conditions in the delta, which in turn are controlled to a
large extent by CVP and/@ operations. Other sources of watiersion (NBA,

CCWD, local agricultural diversions, power plants) adversely affect delta smelt largely
through entrainment (see following discussion), but when taken together do not control
hydrodynamics conditionfitoughout the delta to any degree that approaches the
influence of the SWP and CVP. So while many of the other stressors that have been
identified as adversely affecting delta smelt were not caused by CVP and SWP
operations, the likelihood and extent thieh they adversely affect delta smelt is highly
influenced by how the projects are operated in the context of annual and seasonal
hydrologicconditions. So, while research indicates that there is no single primary driver
of delta smelt population dynarsichydrodynamic conditions driven or influenced by
project operation in turn influence the dynamics of delta smelt interaction with these
other stressors.

The Service is following Bennett and Moyle (1996) and Bennett (2@0%5)the
consensus emergingpfn the POD investigation (Sommer et al. 2007, Baxter et al.
2008),by assuming that delta smelt abundance trends have been drigemxiyre of
factors some of which are affected or controlled by water project operations and others
that are not. Theoflowing analysidocuses on the subset of facttiat is affected or
controlled by water project operations, andudes discussion of other factdosthe
extent they modulate or otherwise affect the prejeletted factoraffectingdeltasmelt.
Although it is becoming increasingly clear that the lergn decline of delta smelt was
very strongly affected bgcosystem changes caused by-matigenous species invasions
and dher nonproject factorsthe water projects have played an importiirgctrole.
Further, the water projects have played an indirect role by creating an altered
environment in the delta that has fostered the establishment-afidigenous species
and exacerbates these and other indirect effects to delta shtidtanalysisandothers
show that gery day the system is in balanced conditions, the projects are a primary
driver of Delta smelt abiotic and biotic habitat suitability, health, and mortality.

This effectsanalysis divergefom the 2005 biological opiniobecause it gicitly
analyzes the pr opos dypes of eflegtsentrainthent oédelfae c t s
smelt, habitat restriction, and entrainmenPstudodiaptomus forbeshe primary prey

of delta smelt during summéall. Theseypes of effectare consided in a life cycle
context (Table 1 Thus, a second assumption of this analysis is thairtdposed project

is affectingdelta smelt throughout the year either directly through entrainment or
indirectly through influences on food supply and habitatasility. DuringDecember

June when delta smelt are commonly entrairéd@anks and Jongheir habitat and co



occurring food supply also are being entrainedyregect effects on habitat and food
supplyare only examined explicitly during Julyecembe when delta smelt entrainment

is rare. Delta smelt entrainment is rare from aboutJuigt through mieDecember each
year mainly because environmental conditions in the San Joaquin River and its
distributaries are not appropriate to support delta sridlé water is too warm and clear,
sodelta smelactively avoid the central and southern Delta during summer and fall
(Feyrer et al. 2007; Nobriga et al. 2008).third assumption is that any of these three
types of effec will adversely affect delta sriteeither alone or in combination3his
approach is also consistent with Rose (2000), who used several different individual based
models to show how multiple interacting stressors can result in fish population declines
that would not be readily discefsla usinglinearregressiorbased approaches.

This effects analysis uses a combination of available tools and data. These include the
CALSIM Il model outputs provided in appendices to the Biological Assessment,
historical hydrologic data provided indliDAYFLOW database, statistical summaries
derived from 936 unique 98ay particle tracking simulations published by Kimmerer

and Nobriga (2008), and statistical summaries and derivative analyses of hydrodynamic
and fisheries data published by Feyrer ef2007), Kimmerer (2008), and Grimaldo et

al. (in press).

Table 1 The distribution of the three types of effeattributed to the Project Description
over the life cycle of delta smelt.

Season Delta smelt Pseudodiaptomus| Habitat suitability
entrainment entrainment/retentio
Winter X (adults}
Spring X
(larvaefjuveniles)
Summer X©
Fall X?

®Historical hydrodynamic data are DAYFLOW 1980807; OMR was measured 1993
2007 and estimated using regression on DAYFLOW variables by Cathy Ruhl (USGS) fo
19671992; historical delta smelt salvage data are 489¥, the period when the data
are considered most reliable

PHistorical hydrodynamic data are DAYFLOW 198007 (except OMR as noted in the
previous footnote); direct estimates of larjalenile erainment are 1992005
(Kimmerer 2008); Entrainment was estimated statistically for 11994 and 200&007
“Historical hydrodynamic data (DAYFLOW; except OMR 198892, see footnote a)
and Pseudodiaptomus density data (IEP monitoring) are-2088 becase
Pseudodiaptomus was introduced in 1988

“Historical hydrodynamic data are DAYFLOW 198007

Effects Analysis Methods(CALSIM Il Modeling)
The CALSIM Il model is a mathematical simulation model developed for statewide water

planning. It has the abilityp estimate water supply, streamflows, and Delta water export
capability, keeping within fArulesdo such as



out puts to plausibly achievable system oper a
official SWP and CVP planningol. The GQ\LSIM Il model is applied to the SWP, the

CVP, and the Sacramento and San Joaquin Delta. The model is used to evaluate the

performance of the CVP and SWP systems for: existing or future levels of land

development, potential future facilitiemd current or alternative operational policies and

regulatory environments. Key model output includes reservoir storage, instream river

flow, water delivery, Delta exports and conditions, biological indicators such as X2, and
operational and regulatory tnies.

CALSIM Il simulates 82 years of hydrology for the Central Valley region spanning water

years 1922003. The model employs an optimization algorithm to find ways to move

water through the SWP and CVP in order to meet assumed water demands onlya month

time step. The movement of water in the system is governed by an internal weighting

structure that ensures regulatory and operational priorities are met. The Delta is also
represented in CALSIM Il by DWRO6s Arstificial
flow and salinity relationships. Delta flow and electrical conductivity are output for key

regulatory locations. Details of the level of land development (demands) and hydrology

are discussed in Appendix D of the®gical Assessments are details dfow the

model simulates flexible operations like b(2) and EWA allocations. Most of the model

data used were directly output from CALSIM Il. However, certain Delta flow indicators,

most notably ONR flows, were estimated by ingiutg CALSIM Il outputs intoDSM-2

HYDRO, which can be used as a dAvirtual fl ow

This effects analysis analyzes outputs from the following subset of studies presented in
the BA: 7.0, 7.1, 8.0, and 995. Study 7.0 represents a 2005 level of developmeht wi
b(2) allocations and a full Environmental Water Account. The full EWA was represented
in the CALSIM Il framework as up to 50,000 adet of water export reductions during
Decembeirebruary, the VAMP pulse flow, and export reductions following VAMP
(mid-May into June) when CALSIM Il predicted the EWA had surplus water (i.e.,
collateral exceeded debt). Study 7.1 also represented a 2005 level of development with
b(2) allocations, but with a limited EWAwvhich as described in the Project Description
congsts mainly of water from the Yuba Accorth the limited EWA, thersvere no

export reductions in February and June, but export reductions were possible during
Decembeto January and late May. The VAMP pulse flow was modeled in the same
way as in the llEWA. Study 8.0 estimated SWP and CVP operations with a 2030 level
of development, b(2) allocations and the limited EWA. Note that the 2030 demand was
estimated as 100ercenb f t he CVPO6s c opdrcerindt tdel iSWEPrdise s,
Table A contractleliveries, and no variation in demand among water year types. In other
words, 10Qoercentof contracted quantities were exported in each year of the simulation.

Study 9.1 represents a scenario in which sea level is assumed to be one foot higher than

current, resulting in a four inch higher tidal elevation at Martineif@nia. Studies

929 . 5 represent Obookendsd of <climate change
development. These bookends cannot be summarized simply except in qualitative terms.

The bookends represent®and 9¢' percentiles of predicted changes in precipitation and
temperature for 201 2030 relative to 197fb 2000. Generallyclimate change models



agree the Central Valley will be warmer in the future, but they do no¢ agrether

precipitation will increase or decrease (e.g., Dettinger 2005). Thus, the climate change

bookends include drier and wetter possibilities, but do not include cooler futures relative

to current conditions. Thus, the temperature bookends cafndleead 61 ess war mi ng
O6more warmingd or Owarmerd and oOowar mer still]l
simulation, 9.3 is a wetter and warmer still simulation, 9.4 is a drier and warmer

simulation, and 9.5 is a drier and warmer still simulatiStudy 95 to represesthe

iwo-case scenari o0 a moholpgical bssessnebeoadsadrierons i n t
conditions are expected to result in more frequent conflicts over limited water resources.

Further, springtime water temperatures influence thgtteof the spawning season for

delta smelt (Bennett 2005) and summertime water temperature conditions already can be
marginal for delta smelt (e.g., Nobriga et al. 2008). Thlisvarmer futures are

expected to further stress delta smelt, but the wastilescenarios have the highest

potential for detrimental effects.

Migrating and spawning adults (~ Decembethrough March)

Water Diversions and Reservoir Operations

Upstream Reservoirs and diversions

The following Project elements are includedtie thodeling results and are not
specifically discussed in this analysis, rather the effects of these Project elements are
included in the Adult Entrainment Effects and the Habitat Suitability Effects sections of
the Effects SectiorProject effects from # Trinity River OperationsWhiskeytown
Operatios, Clear Creek OperationShastd_ake andKeswickDam Operationsked

Bluff Diversion DamOperationsOroville Dam and Feather River Operatipi®lsom
andNimbusDam OperationsNew Melonesfkeservoir Opettéons, and Freeport
DiversionOperations

Banks and Jones Pumping Plants {Formatted: Not Highlight

Entrainment of delta smelt

The entrainment of delta smelt into the Banks and Joneging plantss a direct effect

of SWP and CVRperations See Brown et al. (1996) for a deption of fish salvage
operations.Total entrainment icalculated based up@stimates of the number of fish
salvaged (Kimmerer 2008). However, these estimates are indiaest entrained fish

are not observed (Table 2), so most of the fish are hatged and therefore do not

survive. Many, if not most, of the entrained delta smelt that are salvaged likely die due to
handling, transport, and predation at release sites (Bennett Z80fgcted diversions
through CCWD are included in calculationsktof ratios used in this effects analysis
because they do contribute to reverse flows in Old River. NBA and CCWD dffects

delta smeltare presenteseparatelypelow.



Table 2. Summary of factors that affect the difference between delta smelt entrainment
and salvage.

Adults Larvae <20 mm Larvae > 20 mm
and juveniles

Predation prior to | unquantified unquantified unquantified
encountering fish
salvage facilities
Louver efficiency | Limited data ~ Opercent Likely < 13at any
(based on Kimmere| indicate an size; << 13ercent
2008) efficiency of about at less than 30 mm

13 percentfor the

CVP facility; no

equivalent data are

available for the

SWP facility
Collection screens | ~ 100percent ~ Opercent < 100percentuntil

(based on Kimmere at least 30 mm
2008)

Identification Identified from Not identified Identified from
protocols subsamples, then subsamples, then

expanded in salvag
estimates

expanded in salvag
estimates

Handling, trucking

Study in progress

0 percent

Study h progress

and release back
into the Delta

The populatiorevel effects of delta smelt entrainment vary; delta smelt entrainment can
best be characterized asporadically significant influence on population dynamics.
Kimmerer (2008) estimated that annual entrainment of the delfa popeilation (adults

and their progeny combined) ranged from approximatelyet@ento 60percentper

year from 20022006. Major population declines during the early 1980s (Moyle et al.
1992) and during the recent Iibothasbogiatedaithr s
hydrodynamic conditions that greatly increased delta smelt entrainment losses as indexed
by numbers of fish salvaged. However, currently published analyses eflong
associations between delta smelt salvage and subsequent abudwaatsupport the
hypothesis that entrainment is driving population dynamics year in and year out (Bennett
2005; Manly and Chotkowski 2006; Kimmerer 2008).

(Son

Adult entrainment effects

Adult delta smelt have been salvage®@anhks and Joness earlyin the water yeaas

November and as late as June, but most of the recent historical salvage has occurred

between mieDecember and March (Figure X in the Baseline). Delta smelt salvage

usually occurs in a prolonged event that has one major peak. This iscavitiat the

maturing population makes a spawning migration into the Delta. The migration is cued

by pulses of freshwater flow into the estuar



(Grimaldo et al. in press). Salvage ofgmawning adults typicallpegins when river

inflows and associated turbidity increase. The magnitude of cumulative annual salvage is
best explained by OMR flow, whereby salvage increases with reverse OMR flow (Figure
1). Kimmerer (2008) calculated that entrainment losses of ddlift smelt in the winter
removedl% to 50 % of the estimated populatiandwere proportional to OMR flow

though the high entrainment case might overstate actual entrainrheneffects

analysis evaluates the proposed project operations by compagitangterm trends in

OMR flows to OMR flows in the CALSIM Il modeling presented in the Biological
Assessment. Given the demonstrated relationships between smelt entrainment and
salvage with OMR flows (Kimmerer 2008; Grimaldo et al. in review), differgiiice

OMR flows (i.e., modeled from historic) were used to estimate if effects were to be
expected. The metric used to estimate effects or entrainment losses (as measured by
salvage) wasetived by calculating changes in percent differences from histatiage

to predicted salvage using salve@eMR r el at i onshi ps. The previo
Recovery Index (RI) was then used to scale the likely impact of cumulative salvage.

Combined Old and Middle River flow

The median and range of OMR flows were deteedifor each December to March

period for each of the studies and the historic data by water year type (Figure 2). We
defined the December to March period to be consistent with recent analyses (Kimmerer
2008, Grimaldo et al. in review) as this is the p&tridhen the majority of adults migrate
upstream to spawn. We focused the evaluation over the full winter period and not on a
monthby-month basis since the timing of migration is variable and because adult delta
smelt are not vulnerable to entrainment uthiily begin to migrate upstream.

We used water years 1967 to 2007 to characterize historical OMR flow since it includes
the fullest range of water year types available since the completion of the Banks pumping
plant. Historic OMR flow data from 1982007 were taken from measured flow stations
(Arthur et al. 1996; www.iep.water.ca.gov/dayflow). Historic OMR flow from 1967 to
1987 was modeled from combined Jones and Banks exports and San Joaquin River flow
(Ruhl et al. 2006). The median OMR flow for eadinter period was derived from daily

data values for the historic data and from the monthly values from the CALSIM Il model
studies.

Methods used to evaluate Project effects

As was done in the Biological Assessment (Reclamation 2008, Chapter 13)en@oha
attempted to separate the effects of SWP and CVP. The hydrodynamic effects of
pumping that cause reverse OMR flow result from the combined action of both facilities.
Finally, we have not attempted to estimate total entrainment of delta smelt at the
facilities. To date, no studies have been done to evaluatepren losses at the export
facilities, and this analytical approach does not support the kind of popdietiein
inferences drawn in Kimmerer (2008) and similar work. Rather, we use salvage

index of numerical adult smelt entrainment at the facilities.

To quantitatively predicgntrainment of delta smelt, we used a linear model (Grimaldo et
al. in review) to predict annual winter salvage for each CALSIM Il Study. The



predictions inlhiis model do not capture the variability (i.e., peaks and valleys) of

historical salvage but they it do follow the trend that salvage increases as OMR flows
decreases. In part, the variation is not captured because entrainment is not solely
explained by ™R flows. Entrainment is also related to the number of adults that migrate
into the vicinity of the projects. Although water year type may sometimes affect the
spawning distribution (Sweetnam 1999), there is wide, apparently random variation in the
use ofthe central and south delta by spawning delta smelt. For example, there are years
when a greater proportion of the smelt population moves into the vicinity of the export
facilities, which may lead to larger salvage events. In critical dry years, snegit oft

migrate into the North Delta (Sweetnam 1999) where entrainment risks would be low in
such years when exports are generally small. Leaving aside differences due to spawning
migration variability, the approach used here provides an expected salvagargiven

OMR flow. The percent differences between historic winter salvage and predicted winter
salvage from modeled studies were examined for each water year.

To evaluate whether the proposed operations will have adverse impacts on the pre
spawning adult seit population, we calculated the likelihood that take would exceed
thresholds the Smelt Work Group (SWG) has historically regarded as detrimental to the
populationand the Service has adopted this approdair this analysis, we calculated

the historic nedian in salvage (1982007) with 25' and 7%' percentiles and plotted

them versus the preceding FMWT RI as thadfas evaluating slvage(Figure 3. The

RI provides an indication of the status of the delta smelt population based on
distributional andabundance criteria from a subset of September and October FWMT
sampling (USFWS 1995 low RI indicates the delta smelt population is at low levels,
whereas a high RI value (~400) indicates a more robust population. We used years 1987
to 2007 as the hisric baseline dataset for this analysis because they represent the period
after which delta smelt experienced coincident declines in habitat and abundance (Feyrer
et al. 2007). The@vicehas regarded the 9ercentile of recent historic winter saleag
(1132 for 19872007 data) as a guideline for adverse impact when the previous Rl is less
than 29 (28 percentile of the RI index value) and the median (2046 fish for-2087

data) when Rl is greater than or eque?9 and less than 71 (Figure Salage above

these levels is likely to lead to large losses of spawners respective of their population
size. For example, in 2003 and 2004, the projects salvaged 14,323 and 8,148 delta smelt
respectively. These losses are disproportionately high (i.e.egtban the 78 percentile

of historical salvage) for their given RI values, 33 (2003) and 101 (2004). According to
Kimmerer (2008), 2003 and 2004 were years when entrainment accounted for 50% and
19 % losses of adults from the population.

To estimatevhether théhistoric mediar{median with 25th and 75th percentiles) would

be exceeded under proposed OMR flows, we analyzed historic annual winter salvage and
OMR flow data using logistic regression for different levels of exceedance. The event
probabilities for each level were plotted against OMR flow andditiith smoother lines
(Figure 4. This graph was used to estimate the probability that the modeled OMR flows
will exceed the specified level shlvage Note, this graph indicates that the probapili

of salvaging between 0 and 1132 smelt in any year is greater than 90%. In part, this is



because some smelt are able to migrate upstream during periods of high total inflow and
are entrained even during periods of positive OMR flow (i.e., 1997 and 1998)

We note that the analysis here uses 1®2@77 data to establish numerical salvage
guantiles. This approach does not take into account the overall downtrend in delta smelt
abundances that has exists in the historical data. A future version of tlysisnall
statistically scale the expected salvage range to account for trend, and will include a
comparison of impact predictions derived from this analysis with entrainment estimates
from Kimmerer (2008), which uses a different method.

CVP and SWP Efféex

The median OMR flows from the CalSihmodeled scenarios were more negative than
historic OMR flow for all water year types except critically dry years (Figure 3; see Table
3b for all differences). The most pronounced differences occur during wet ydeare
median OMR flows are projected to be approximately 400 to 600 ¥9(Q to-3678 cfs)
higher than historical wet yeard 032 cfs). Correspondingly, this decrease in OMR flow
is predicated to cause up to a 65 % increase in smelt salvage afor¢hasabstantial
adverse effedb deltasmelt in wet years when salvage levels have been generally low
(see years 1995999 in Baseline Salvage Figure X). Proposed project operations for
studies 7.0, 7.1, 8.0, 9.0, 9.1, 9.4, and 9.5 (median OMR fit@®) to-5265 cfs) will

result in an approximately 50 % probability that salvage will exceed 5000 fish. This level
of salvage would cause significant adverse affeatielimsmelt given recent RI values

have extremely low in recent years (2005=4, 2006 2207 = 5).

The proposed operation conditions likely to have the greatest impact on delta smelt are
those modeled during above normal water years. The modeled OMR flows for the above
normal water years ranged betwe8h55 and6242 cfs, a 33 to 57% daase from the
historic median 0f5178 cfs. Though the predicted salvage would only be abeR0 25

higher than historic salvage during these years (Table 3c), the modeled OMR flows
would likely lead to significant population losses. The probabilityabfegye exceeding
7000delta smeltvould be approximately 48 % €242 cfs and approximately 80%-at

8155 cfs. Therefore, salvage during above normal water years are projected to cause
significant adverse affects ¢eltasmelt for any RI value but partitarly substantial

given that current RI values have remained less than 22 since 2005.

In below normal and dry water years, proposed OMR flows are also modeled to decrease
from historic medians. Predicated salvage levels are likely to increase beteeed2

%. More importantly, the modeled median flows from all studies in these water year
types range betweeb747 and 7438 cfs. Modeled OMR flows at these levels have a
greater than 50 % probability of exceeding 5000 fish, and near 75 % probability of
exceeding 2000 fish. Given that the population is at near rdoardibbundance, salvage
during below normal and dry water years is likely to range from marginal to significant
adverse affects given the current level of Rl values.

During critically dry yeas, the median OMR flows for studies 7.0, 7.1, 8.0, 9.1, 9.4, and
9.5 are less that,000 cfs. These studies have predicted salvage lower than historic



salvage. Though the event probability is still near a 70 % chance of salvage exceeding
2000 smelt, thenodels might overestimate salvage during critical dry years when smelt
are unlikely to migrate towards the interior delta due to lack of turbidity or first flush.
Thus, the effects of critical dry operations on delta smelt take are probably small and
lower than estimated.

In summary, adult entrainment is likely to be higher than it has been in the past under
most operating scenarios, resulting in lower potential production of early life history
stages in the spring in some yea¥vghile the largest predied effects occur et and
Above Normal years, there are also likely adverse effects in Bétwwal andDry

years. Only Critically Dry years are generally predicted to have lower entrainment than
what has occurred in the recent past.



Table 3a. Historic and CALSIM Il modeled median winter (Dec-Mar) OMR flows by water year type

Water year type Historic 7 7.1 8 9 9.1 9.2 9.3 9.4 9.5
Wet -1033 -5256 -5498 -5699 -5684 -5500 -3999 -3678 -7066 -6100
Above Normal -5178 -7209 -7923 -8073 -8156 -7595 -6863 -6934 -7861 -7723
Below Normal -2405 -6461 -7208 -7009 -6599 -6420 -5647 -6736 -6721 -6343
Dry -5509 -6443 -6931 -6692 -6620 -6353 -6831 -7438 -5785 -5760
Critical -5037 -4547 -4931 -4980 -5051 -4588 -5320 -5194 -4260 -3845
Table 3b. Winter OMR Flow percent difference from historic median value to CALSIM Il model median value
Water year type 7 7.1 8 9 9.1 9.2 9.3 9.4 9.5
Wet 408.92% 432.37%  451.84%  450.36% 432.50% 287.16% 256.13%  584.15% 490.63%
Above Normal 39.21% 53.01% 55.90% 57.49% 46.67% 32.53% 33.91% 51.80% 49.13%
Below Normal 168.62% 199.68% 191.41% 174.35% 166.90% 134.75% 180.05% 179.42% 163.72%
Dry 16.95% 25.81% 21.48% 20.17% 15.32% 24.01% 35.02% 5.01% 4.57%
Critical -9.74% -2.12% -1.14% 0.27% -8.92% 5.61% 3.11% -15.44% -23.68%
Table 3c. Percent difference from historic median salvage to predicated salvage based on Dec-Mar OMR flows from CALSIM Il
studies
Water year type Study 7 Study 7.1 Study 8 Study 9 Study 9.1 Study 9.2 Study 9.3  Study 9.4  Study 9.5
Wet 45.64% 48.26% 50.43% 50.26% 48.27% 32.05% 28.59% 65.20% 54.76%
Above Normal 15.15% 20.49% 21.60% 22.22% 18.04% 12.57% 13.10% 20.02% 18.99%
Below Normal 38.17% 45.20% 43.33% 39.46% 37.78% 30.50% 40.76% 40.61% 37.06%
Dry 6.80% 10.36% 8.62% 8.09% 6.15% 9.63% 14.05% 2.01% 1.83%
Critical -3.70% -0.81% -0.43% 0.10% -3.39% 2.13% 1.18% -5.87% -9.00%
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Article 21

The CALSIM Il modeling as shown in the biological assessmdaogs nosimulate two
major Suth of theDeltastorage facilitiesthe Kern Water BankndDiamond Valley
Lake As shown in Table X of the Project Description, both of these facilite® been
used to store water moved under Article 21. As such, the full effects of Article 21
pumping are not accurately represented by the modelingm®delingassumptions
assume that Article 21 watdemandwvould be 314 TAF foeachmonth December
through Mart and up to 214 TApermonth in all other monthsAs shown in the
project description iffigure X, there has been an increase in state water pumping
corresponding to an increase of the use of ArticleTHis increased pumping at the
SWP from the year@O0 to present corresponds to the recent declines in the smelt
population, currently being studied by ti&P. This pumping is included in the exports
at Banks, and the effects to delta smelt are described in the adult entrainment effects
section. Howewe as described above, the modelimgler estimatethese effectandthe
amounts of water that would be movedSOD storagdacilities. The previous section
showed that the proposed project would result in increased adult entrainment during
winter.

The export of Article 2lappears to be one of the factthat increase entrainmeintthe

months of December through Maraemonstrated by the large increases of pumaing
Banks The highest amounts of Article 21 watgepumpedn the months when adul

delta smelt entrainment &@sohighest. The 2004 OCAP biological assessment and the
Servicebs 2005 biological opinion only consi
wet and above normal water years and the analysis stated this would be an ihfrequen
occurrence. However, from 2004 to 2007, Article 21 has been used in more than in the
wet years.The effects of pumping of Article 21 water to adult delta smelt would be most
severe during below normal and dry yedesen though Article 21 may not balted

often in these water types, San Luis Reservoir can be filled in dryer years (for example if
the preceding year was wet). It is during these types of years that the increased pumping
associated with Article 21 would have the most detrimental effedslta smelt and
significant adult entrainment may occur.

DMC-CA Intertie

As described intte Roject Description, the DMA Intertie would provide operational
flexibility between the DMC and the CAn the CALSIM Il modeling, Jones pumping
capaciy increases from 4,200 cfs in Study 7.0 to 4,600 cfs in Study 8.0. While the
specific effectof the intertie ordelta smelt cannot separated odtom the analysis

the increased capacity of thenespumping plant is included in the adult entrainment
effects described abowand can result in higher entrainment of adult, larval and juvenile
delta smelt at Jones. In addition, increase pumping at Jones can have indirect effects to
delta smelt by entraining their food source and reducing their availabitat) as

described in the habitat suitability section of this effects analysis.
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Effects othe NBA

In general, NBAdiversions are Ighest during the winter months. Diversion rdtes

study 8 in December (64 cfs) wdrgher than diversioratesfor studies 7.0 (43 cfs)

The hydrodynamic modeling of NBA diversions indicates that the majority of water
diverted origiratesfrom Cambell Lake and Calhoun Cut during the winter. As previously
mentioned, delta smelt migrate into the Delta during the wintnths. However, since

the screens on the intakes meet criteria for protecbngr@ SL delta smelt, adult
entrainment is not a concern.

In some years, delta smelt begin spawning in February when temperatures reach about
12°C (Bennett 2005). Thus in s® years, delta smelt larvae may be entrained at the

NBA diversions. Howeversince the majority of water diverted origitesfrom Cambell

Lake during the wintetthis effectis likely to be minimized tBarker Slough near the

NBA intakes. During years whethe Yolo Bypass floods, the entrainment risk of larvae
into the NBA is also probably extremely | oca
forms between Barker and Lindsay sloughs with Cache Slough. When this happens,
hydrodynamic mixing between Cazl$lough and Lindsay/Barker sloughs decreases,
causing spikes in turbidity and organic carbon in Barker and Lindsay Sloughs (DWR,
North Bay Aqueduct Water Quality Report). Entrainment vulnerability would be greatest
during dry years when the NBA diversioastrain a large portion of water from Barker

and Lindsay Sloughs and are often years when delta smelt spawn in the North Delta
(Sweetnam 1999)The fish screen at the NBA diversion was designed to exclude delta
smelt larger than 25 mm. However, a stoflg fish screen in Horseshoe Bend built to
delta smelt standards excluded 98ercentof fish from entrainment even though most of
these were only 35 mm long (Nobriga et al. 2004). Thus, the fish screen at NBA may
protect many, if not most of the delsmelt larvae that do hatch and rear in Barker

Slough.

CCWD diversions

As described in the Project Description, CC\Widerts water from three different intakes
in theDelta For the proposed projeataterdemands of the CCWD were anticipated to
increase from 139 AF/year in study 7.0 t&é95 TAF/year in study 8.0.

Old River intake
CCWD currently divertsvater using the Old River intake for its supplies direfrthyn
the Delta. In addition, when salinity is low enough, Los Vaqueros Reservoir éslfdt a
rate of up to 200 cfs from the Old River Intakdéowever, since this facilitis fully
screened to meet delta smelt fish screeniitgria, adult entrainment is not a concern.

Rock slough
The Rock Slough takeis presently unscreeneds degribed in the Project
Description, Reclamation is required to screen this diversion and is seeking an extension
for the completion of the fish screen.
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Catches of delta smelt at the Rock Slough diverarerlowbased on sampling conducted
using asieve néthree times per week from January through June and twice per week
from Juy through December and usingkankton net at the headworks structure twice

per week during times larval delta smelt could be present in the area (generally March
through June)The numbers of delta smelt entrained by the facility since 1998 have been
extremely lowbased on this monitoringvith only a single fish taken in February 2005.
Most waterdiversions at the Rock Slough intake now occur during the summer months
so adultdelta smelt entrainment is not likely to bigh. In addition, Rock Slough is a
deadend slough with poor habitat for delta smelt, so the numbers of delta smelt using
Rock Slough are usually low.

Alternative intake
Total etrainmenatCCWD fagllitie s i s | i kely to be reduced wh
Alternative Intake Projeds completed. This diversion is going to be screened according
to delta smelt fish screening criteria and will likely reduce unscreened diversions from
the unscreened Rock Slough divens Because the Alternative Intake diversion is fully
screened, adult delta smelt entrainment is not likely toidie

Suisun Marslt8alinity Control Gates

The SMSCG is generally operated as needed September through May to meet State
salinity standads in the marsh. The number of days the SMSCG are operated in any

given year varies. Historically, the SMSCG were operatetiZiDdays between October
andMay (19882004). With increased understanding of the effectiveness of SMSCG in
lowering salinity in Montezuma Slough, salinity standards have been met with less

frequent gate operations. In 2006 and 2007, the gates were operated periodically between
10-20 days annuallylt is expected thatis level of operational frequency (20 days

per yearwill continue in the future

The SMSCG do not kill delta smelt. It is possible, however, for delta smelt and other
fishes to be entrained behind the SMSCG in Montezuma Slough and Suisun Marsh when
the SMSCG is closed. Fish may enter Montezuma Slough fro®at@mento River

when the gates are open to draw freshwater into the marsh and then may not be able to
move back out when the gates are closed. It is not known whether this harms delta smelt
in any way, but they could be exposed to predators hoveringétha SMSCG or they

could have an increased risk of exposure to water diversions in the marsh (Culberson et
al. 2004). It is possible that if delta smelt are indeed entrained into Montezuma slough
and Suisun Marsh that they may be more vulnerabletawatd i ver si on such as
MIDS. Entrainment into MIDS from the Sacramento River may be unlikely based on
particle tracking studies have demonstrated low entrainment vulnerability for particles
released at random locations throughout Suisun Marslpé3@n{, and almost no
vulnerability (<0.1percen} to particles released at Rio Vista (Culberson et al. 2004).
Moreover, fish entrainment monitoring at MIDS showed very low entrainment of delta
smelt (one larva in 2.3 million fof water sampled over a twear period) because

salinity in Suisun Slough was usually too high for delta smelt when the MIDS diversion
needed to operate (Enos et al. 2007). The degree to which movement of delta smelt
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around the lowsalinity zone is constrained by opening and clgpsire SMSCG is also
unknown.

Indirectly, operations of the SMSCG may influence delta smelt habitat suitability and
entrainment vulnerability. When the SMSCG are opened, the draw of freshwater into the
marsh effectively moves the Suisun Bay salingd upstream. In some years, the

salinity field indexed by X2 may be shifted as far as 3 km upstream. Thus, depending on
the tidal conditions during and after gate operations, X2 may be transported upstream
nominally about 20 days per year. The consege of this shift decreases smelt habitat

and moves the distribution of smelt upstream (Feyrer et al. 2007; see smelt habitat effects
section). Because juvenile smelt production decreases when X2 moves upstream during
the fall (Feyrer et al. 2007), angtdbutable shift in X2 between September to November
(December during low outflow years) caused by operations of SMSCG can be a concern.
However, a &m shift in X2 happening 20 days per year is far less significant than the
10-20 km shifts that have oced for up to 120 or more days per year during late

summer through early winter due to south Delta diversions (see habitat effects section
below).

During January through March, most delta smelt move into spawning areas in the Delta.
Grimaldo et al (ineview) found that prior to spawning entrainment vulnerability of adult
delta smelt increased at the SWP and CVP when X2 was upstream of 80 km. Thus, any
upstream shift in X2 from SMSCG operations may influence entrainment of delta smelt
at the CVP and SWRspecially during years of low outflow or periods of high

CVP/SWP exports. However, between January and June the SWP and CVP operate to
meet the X2 standards in1641, thus theffect of the SMSCG on X2 during this

period are negligible. ThereforeMSCG operations from January to May are not likely

to affect entrainment vulnerability. In addition, because delta smelt move upstream
between December and March, operations of the SMSCG are unlikely to adversely affect
delta smelt habitat suitability dag this period.

Larvae and JuvenileDelta Smelt (~ March-June)
Water Diversions and Reservoir Operations

Banks and Jones

Larval and juvenile delta smelt are fre@imming and pelagic; they do not associate
strongly with structure or shorelineBelta smeltuse a variety of swimming behaviors to
maintain position within suitable habitat®ven in regions of strong tidal currents and
net seaward flows (Bennett et al. 2003)ncethe water exported during spring and early
summer (mainly Marctdune)from the central and south Deltasuitable habitat, young
delta smelt do not have a cue to abandon areas where water is flowing Bawm&sdand
Jones Combinations of Delta inflows and export flows or variables like Delta outflow
and OMR are good predars of larval and young juvenile delta smelt entrainment
(Kimmerer 2008). Thigffectsanalysis evaluates the proposed project operations by
exploring longterm trends in Delta outflovar X2, and OMR flows during Marclune
and comparing these to hydsgdimic conditions expected based on CALSIM
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modeling presented in the Biological Assessment. The analysis udes/gtguvenile
entrainment estimatgsovided by Kimmerer (2008) and flow and export projections
from the Biological Assessment to estim¢he annual percentages of the larval/juvenile
delta smelt population expected to be entrained.

This section examines the effects of entrainment on larval and juvenile delta smelt during
the months of Marcldune. The analysis is based on comparisdristbrical trends in

OMR, Delta outflowand X2t o t he proposed projectds predic
provided in thebiological assessmefur studies 7.0, 7.1, 8.0, and ®®. The

hydrologic data are examined in light of recent estimates of larvatijle delta smelt
entrainment (Kimmerer 2008) that are reproduced well by Delta outflow (or X2) and
OMR (Figure 7). All analyses examine two sets of spring months; Maneé, which
encompasses most of the spawning season andMayil which encompassehe
empiricalhatch datesf most fish surviving to the fall in recent years (Bill Bennett, UC
Davis,unpublished daja Note that OMR was empirically measured during 12806

using Acoustic Dppler Current Profilers installed in Old and Middle rivé@tmann

1998). The OMR values for 19€l079 and for 2007 were estimated usitggression
relationship (Cathy RuhUSGS pers. comm) All Delta outflow and X2 data were

retrieved from DAYFLOW.

Kimmerer (2008) proposed a method for estimating thego¢age of the larvguvenile

delta smelt population entrainatiBanks and Jonesich year.Theseestimates were

based on a combination of larval distribution data from the 2Gsomey, estimates of

net efficiency in this survey, estimates of larval tality rates, estimates of spawn

timing, particle tr acki-2ipgrticteiraoking mmddél,amds f r om LC
estimates oBanks and Jonesalvage efficiency for larvae of various sizes. Kimmerer

estimated larvajuvenile entrainment for 1998005.We used Ki mmerer dés ent
estimates to develop multiple regression models to predict percent of thguaerale

delta smelt populatioantrainedbased on a combination of X2 and OMR. We developed

two separate models, one for the Madeime aveaging period and one for the ApNlay

averaging period. The equations are: Ma¥ahe percententrainment =

(0.00933*MarchJune X2) + (0.0000207*Marebune OMR) 0.556 and ApriMay

percententrainment = (0.00839*AprMay X2) + (0.000029*ApriMay OMR) i 0.487.

The adjusted Ron these equations are 0.90 and 0.87, respectively. These equations were

used to predict historical springtime entrainment (12894 and 200&€007). Note that

1995 and 1998, which were both very high flow years wipe@en predicted

entrainment were not included in the regression because they resulted in significant

nonlinearity. Thus, the resulting equations predict negative entrainment in similarly wet

years. The negative estimates were assumed to reprgsencedentrainment for the

analysis.

We also used the aboweentioned regression equations to predict lajwetnile
entrainment based on the hydrologic predictions provided initiledical Assessment
We used this to compare relative entrainnedfactacros the CALSIM Il studies.

Historical Data (19672007)
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Combined Old and Middle River flow

There has been no clear long term trend in OMR for either the Marghor ApritMay
averaging periods (Figurés7). Since the early 1990s, minimum OMR flows during
April-May have been higher (less negative) th8671990(Figure7).

Delta outflow

Delta outflows generally declined from 196990, but Delta outflows have generally
been higher and comparable to 1970s levels since 1990. This is true for both the Marc
June and ApriMay averaging periods (Figur8s9). Since the early 1990s, minimum
Delta outflows flows during ApriMay have usually been slightly higher thE967

1990 This is likely due to the combination of the X2 standard and the VAMP pulse
flow.

Relationship between Delta outflow and OMR

There is a positive correlation between Delta outflow and OMR, but the relationship is
not quite linear (Figuresit11). Regardless of averaging period, OMR tends to be
negative and unresponsive to outflow Latitflow exceeds about 50,000 cfs
(representing X2 seaward of Roe Island). At outflows higher than 50,000 cfs, the
outflow-OMR relationship is approximately linear.

Predicted entrainment

Predicted entrainment isfanction of both X2 and OMR, thereforggher flows and

lower exports translate into lower entrainmehtlelta smelt Predicted larvajuvenile
entrainment was often higher prior to the implementation of the X2 standard in 1995 than
it has beerurrently(Figure 1§. The prediction$or entminment rangérom 0to about

40 percentfor 19671994 and Qo about 3gercenfor 19952007. However, the upper
confidence limits reach substantially higlevels ranging from O to about G&ercent

between 1967 and 1994 and 0 to aboupé@entduring 19952007. The effect of the

X2 standard on larvguvenile entrainment can be seerfigure 17 The frequency of

years in which @ercentl0 percenbf the larvadjuvenile population was estimated to

have been entrained was similar between 188 and 19952005 because wet years

have always pushed X2 far downstream resulting in delta smelt distributions distant from
the influence of the SWP and CVP diversions. However, there are substantial differences
between the 1967994 and 1992005 time pends in terms of how frequently larger
percentages of the larvalvenile population was entrained. For instance, it is estimated
that less than 2fercentf the larvaljuvenile population was entrained in p&rcentof

years from 1992005, but only 44ercentof years from 196-1994 (Figure 1),

Further, predicted entrainment sometimes exceedee@@ntduring 19671994, but

was never that high during 192B805. Note that we did not attempt to carry the
confidence limits on entrainment estimates tigtothese calculations. See Figuéddr
estimates of the confidence intervals.

Proposed Project Operations

Combined Old and Middle River flow

The Bological Assessmemgroposes thaBanks and Jones pumpimgll cause March
June OMR flows to be more natiye thanl967%2007in wet and above normal years and
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will cause ApritMay OMR flows to be more negative tha8672007wet years (Figures
12-13). Itis also anticipated there will be less variation in OMR during these time

periods than there was histally in wet and above normal years. The predicted OMR
flows are predicted to be higher (hovering near O cfs on average) in dry and critical years.
This is true for both averaging periodshese patterns do not changehia climate

change scenarios

X2

Most of the projected operations result in average Mawte and average Apiilay X2
that are further downstream than historical (Figu#e43). As stated previously, this is
likely dueto the full implementation of the X2 standard and VABMportreductionin
projected operations. The exception is wet years. In wet years, projeciedet@rally
very similar to historical in both averaging periods except that the boxplots indicate no
occurrences of X2 further downstream than 50 km. Thisolsglly due to the proposed
decreases in wet year OMR flows (Figu6éeend7). The climate change saaios

predict AprilandMay X2 will be further downstream in dry and critical years, but the
differences are modest (< 5 km) and again likely due priyntrithe modeling
assumptions of meeting the X2 standard and proviaingxport reduction during
VAMP.

Effects of forecasted operations

Note that we did not attempt to carry the confidence limits on entrainment estimates

through tlese calculations. 8d-igure 16or estimates of the uncertainty surrounding the

foll owing. The Biological Assessmentds assu
EWA-related export reduction during ApMay, keep the frequency of years with larval

juvenile entrainmentigher than 2@ercentconsistent with 1992005 expectations

regardless of ggrational assumptions (Figure)18However, the proposed project will
decrease the frequency of yeapesentiThuswhi ch est
over a given span of years, the project as proposed will increasejlarsaile

entrainment relative to 1998005 levels. Thisvill have & adverse effeain delta smelt

based on their current low population levels

Article 21
Seeprevious effects discussion

VAMP

VAMP which isdescribed in the Project Description and the Status and Baseline
Sections, provides benefits to laneald juvenile delta smelt. As described in the Status
and Baseline Section of this opinion, Bennett (unpublished analysis) proposes that
reduced spring exports resulting from VAMP has selectively enhanced the survival of
delta smelt larvae that emerge idgrVAMP by reducing direct entrainment.

Since VAMP is an experiment, it is only projected to continue @002 As described
in the Project Descriptionfter VAMP ends, Reclamation has committed to maintaining
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the export curtailment portion of thtAMP experiment. Since VAMP also contains a

San Joaquin River flow component, the maintaining the export curtailment after the end
of the VAMP experiment ends is not expected to provide the same benefits as the
complete VAMP experiment. In order for dekmelt produced during the VAMP period

to survive to the Fall, thexport curtailments and the VAMP flows would be needed to
protect larval and juvenile delta smelt from becoming entrained.

In the Project DescriptioWR will continue the export redtionsat Banksas long as
there assets available from the Yuba Accord Water Transfer. Bebauseport
reductions may cost more than the Yuba Accord provides, the export curtailments at
Banksmay be smaller and therefgueovide less benefit to larvahd juvenile delta

smelt. Also, as mentioned above, éxport reductions alones and Banlkareonly part

of VAMP, and theVernalisflow is alsoimportantfor protecton of delta smelt.

Intertie
Seeprevious effects discussion

Effects othe NBA

In the modeling, lte only difference in NBA diversions during the spring were for April,
where study 8.0 had an approximately 20 percigften diversion rate than studyo
(Reclamation 2008 NBA diversions ranged between 30 and 54 cfs during the spring,
indicating that the majority of water diverted origtesfrom Campbell Lake at these
diversions rates. Thus a 20 perciextease irttudy 8 fromStudy 7.0 may have minimal
effectswhen you account for the source of water diverted. Overall, svlagchi June)
represents the period of greatest entrainment risk for delta smelt larvae at the NBA,
especially in dry years when delta smelt spawn in the North Déttalescribed above,
based on Nobriga et al. 2004, the fish screen at NBA may protect manyribspof the
delta smelt larvae that do hatch and rear in Barker Slough.

CCWD diversions

Old River intake
While the Old River diversion is screened to protect adult delta smelCaUD
diversions implement additional fishery protection meastrgsotect larval smeltwhich
maybeentrained. These measures corgist 75day period during which CCWD does
not fill Los Vaqueros Reservoir and a concurrentld® period during which CCWD
halts all diversions from the Delta, provided that Los Vaqueros Resstorage is
above emergency levels. The default dates for tH#lremd no-diversion periods are
March 15 through May 31 and April 1 thugh April 30, respectively; the ServiddMFS
and DFG can change these dates to best protect the subject.spapiatfish may
occur at this facility outside of the il and no-diversion periodsand may be subject to
entrainment. Howevelarval fish monitoring behind the screens Baswnvery few
larval fish become entrained (Reclamation 2001&) as stad above for the NBA, the
fish screens at this facility may protect
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Rock Slough
While most water diversions at the Rock Slough intake now occur during the summer
months, the Rock Slough diversion is also subjettemdfill and no-diversion periods
that all CCWD diversions are operated undake the Old River diversion, larval fish
may occur at this facility outside of the-fith and no-diversion periodsand may be
subject to entrainmentSince the Rock Slah diversion is not screened, larval
entrainment at this facility may be a conceHowever larval fish monitoring behind the
headworkdhas not showthatlarge numbers of larval fish become entrained
(Reclamation 2008).

Alternative intake
Like the OldRiver diversion, the Alternative intake is screened to protect adult delta
smelt from entrainment. Again, since larval smelt are not protected by these fish screens,
the Alternative intake will also operate to thefilband no-diversion periods to proté
larval fish from entrainment. Likihe other two diversions, larval fish may occur at this
facility outside of the ndill and no-diversion periods, and may be subject to entrainment.
Larval fish may also become entrained at this facilitiy, but dedtbove for the NBA,
the fish screens at this facility may protec

SouthDelta Temporary Barriers

Hydrodynamic Effects
The TBP does not alter total Delta outflow, or the position of X2. However, the TBP
causeghanges in the hydraulics of the Delta, which ratigctdelta smelt. Th&lORB
blocks San Joaquin River flow, which prevents it from entering Old River at that point.
This increases the flow towaBhnks and Jondsom Turner and Columbia cuts, which
canincrease the predicted entrainment risk for particles in theaadstentraDelta by
up to about 1@ercentKimmerer and Nobriga 2008). In most instances, net flow is
directed towards thBanks and Jongsumps and local agricultural diversions. The
directional flow towards th®&anks and Jondacreasethe vulnerability of fish to
entrainment. Larval andvenile delta smelare especially susceptible to these flows.

The varying operational configurations of the TBP, natural variations in fish disrbu
and a number of other physical and environmental varidiblésstatistical confidence in
assessing fish salvage when the TBP is operational versus when it is not. In 1996, the
installation of thespring HORBcaused a sharp reversal of net flowitie south Delta to
the upstream direction. Coincident with this change was a strong peak in delta smelt
salvage (Nobriga et al. 2000). This observation indicates thattehorsalvage can
significantly increase when tH#ORB is installed in such a mannévat it causes a sharp
change or reversal of positive net daily flow in the south and central Déleaphysical
presence of the TBP may attract piscivorous fishes and influence predation on delta
smelt. However, past studies by the DFG TBP Fish MdnigdProgram indicated that
predation is negligible (DWR 2000a).

Vulnerability to Local Agricultural Diversions
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Fish that may become trapped upstream of the TBP agricultural barriers may suffer
increased vulnerability to local agricultural diversions. tdger, the risk of entrainment
(Kimmerer and Nobriga 2008) or death from unsuitable water quality (as inferred from
lack of occurrence in the south Delta during summer; Nobriga et al. 2008) is so high for
delta smelt trapped in the south Delta that losgigation diversions in this region is

moot.

Effecs to Potential Fish Prey Items
The extent to which the distribution and abundance of delta smelt prey organisms is
influenced by the conditions posed by the TBP is difficult to determine. Because the TBP
does not influence the position of X2, organisms that exhibit a strong aburdance
relationship (i.e. mysid shrimp) (Jassby and others 1995), will natfeeied. However,
the barriers might influence the flux Bseudodiaptomusom the Delta to the lo-
salinity zone.

South DeltaPermanenOperable Gates

Hydrodynamic Effects
As described in the Project Description, the South Delta Permanent Operable Gates
(Operable Gates) are expected to be constructed in late 2012. The Operable Gates are
expectedd operate during similar time periods as the TBP, with the gate closing starting
in April and operating thorough the winter. The Head of Old River Gate would operate
in April and May and in the fall.

The effects of the Operable Gates are expected sorbkar to the effects of the TBP.

The Operable Gates will open daily to maintain water levels at 0.0 foot mean sea level in
Old River near the Jones pumping plant, and these daily openings would provide passage
for delta smelt. Like the TBP, the opeoais of the Operable Gat@re not expected to
decrease Blta outflows, but the increase in entrainment risk at Banks and Jones is
expected to remain the same. Also, OMR flows would be affected by the Operable Gates
and may result in more negative OMRvit® which could further lead to entrainment.

If the Operable Gates are operated during periods when the TBP have not been installed,
additional effects to delta smelt could occior example, if the Operable Gates are

closed during the winter (Decembardaugh March), flow cues from the San Joaquin

River may be disrupted and may affect adult delta smelt migration into the Delta. Also, if
the Operable Gates are closed during this period, the available habitat for delta smelt
would be reduced. The soutlela can be suitable habitat for delta smelt in some years;

if this habitat is inaccessible to the delta smelt due to the Operable Gates being closed,
adverse effects to the delta smelt and their habitat would occur.

Vulnerability to Local AgriculturaDiversions
Delta smelt would be affected similarly as with the TBP although delta smelt may be less
susceptible to entrainment at local agricultural diversion since the Operable Gates are
likely to be opened more often. As described above, the riskmafirement or death
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from unsuitable water quality is so high for delta smelt trapped in the south Delta that
loss to irrigation diversions in this region is moot.

Effects to Potential Fish Prey ltems
These effects would be the similar as for the TBP, buytlmealless affected since the
Operable Gates will be open more than the TBP.

Suisun Marsh Control Gates
Seeprevious effects discussion

American River Demands

In Study 8.0, total American River Division annual demands on the American and
Sacramento Rivs are estimated to increase from about 324,000faeteén 20050
605,000 acrdeet in 2030without the Freeport Regional Water project maximum of
133,000 acrdeet during drier yearsThese increases in demands and diversions are
included in the moding results and are therefore included in the Habitat Suitability

sections., ( Formatted:  Not Highlight

Delta Cross Channel

The DCC will be closed for fishery protection as described in the Project Description.
These actions are not expected to changleeiriuture. Te effecs of the DCC are
included in the CALSIM Il modeling results and are included in the Habitat Suitability
section.

Juvenilesand adults (~ July-December)
Entrainment of Pseudodiaptomus forbesi
Entrainment of Pseudodiaptomus forbeglune-September)

Historically, the diet of juvenile delta smelt during summer was dominated by the
copepocEurytemora affiniend the mysid shrimpleomysis merced{#oyle et al. 1992;
Feyrer et al. 2003) . These pgalaiyzdndaodb med fr o
were decimated by the overbite cl&@orbula amurensigKimmerer and Orsi 1996), so
delta smelt switched their diet to other pré&3seudodiaptomus forbesas been the
dominant summertime prey for delta smelt since it was introduced into the estuary in
1988(Lott 1998; Nobriga 2002; Hobbs et al. 2006). Unkkg&ytemoraandNeomysis
Pseudodiaptomuslooms originate in the freshwater Delta (John Durand San Francisco
State University, oral presentation at 2006 CALFED Science Conference). This
freshwater reprductive strategy provides a refuge from overbite clam grazing, but
Pseudodiaptomulsas to be transported to the lealinity zone (LSZ) during summer to
co-occur with most of the delta smelt population. This might niRdeudodiaptomus

more vulnerable tpumping effects from the export facilities thBarytemoraand
Neomysisvere. Therfore, the projects have more effect on the food supply available to
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delta smelt than they did before the overbite clam changed thsdlavity zone food
web.

There is stastical evidence suggesting that theamzurrence of delta smelt and
Pseudodiaptomus forbesas a strong statistical influence on the survival of young delta
smelt from summer to fall (Miller 2007). In addition, recent histopathological
evaluations of dita smelt have shown evidence of heat stress/food limitation in delta
smelt during the summer (Bennett 2005 and Bennett et al. 2008 as summarized by
Nobriga and Herbold 2008).

Most quantitative sections of this effects analysis use OMR as a predidtdsle. This
analysis evaluates the proposed project operations by comparing tieronmgends in
the E:l ratio during Jun8eptember relative to conditions expected based on CalSim I
modeling. The E:l ratio is a useful metric of factors like @ntnent risk and residence
time that reflect the transport of particles among regions of the Delta (Kimmerer and
Nobriga 2008). A recent study of tidal and daytime versus nighttime movements of fish
and zooplankton in Old River did not find any eviderw Pseudodiaptomussed
behaviors in Old River that would prevent its entrainment or render particle tracking
model outputs based on simulations using neutiallyyant particles inappropriate to
predict the relative effect of proposed operations (Lennm&do, USBR, unpublished
data).

The I nteragency Ecol ogical Programds Environ
conducted zooplankton surveys in the estuary since 1974. We used these data, along with

data on historic project operations, to investigate drethere has been a demonstrable

effect of the water projects ¢h forbesiavailability to delta smelt during the summer.

During summer delta smelt occur mainly in the LSZ near the SacrasS8antdoaquin

River confluence (Nobriga et al. 2008). Duedtention and entrainment Bf forbesito

the south Delta by the export pumps, we expected an inverse relationship between E:|

and the abundance Bf forbesiin Suisun Bay during the summer.

We determined thevarage monthly catch per unit effort (CB)for P. forbesifor June
September 1982006 at each station in two regions, Suisun Bay (stations NZD 06, NZO
28, NZO 32, NZS 42, NZO 42, and NZO 48) and the south Delta (NZM 10, NZD 28,

NZO 86, and NZO 92). The monthly average CPUEs were then graupeaggional

average CPUEs. We expected to see two things in the data. FirBsehdbdiaptomus
densities would be higher in the south Delta region than in Suisun Bay because the Delta
is the production region, and second, fAs¢udodiaptomudensites in Suisun Bay

would be inversely related to the summertime E:l ratio because it represents
hydrodynamic influence on particle residence time and entrainment (Kimmerer and
Nobriga 2008).

The summertime density &fseudodiaptomus generally higher inhie south Delta than

in Suisun Bay. The ratio of south DeRaeudodiaptomudensity to Suisun Bay
Pseudodiaptomudensity was greater than one in 73 percent of the collections from June
September 1988006. The average value of this ratio is 22, meathiagon average
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summerPseudodiaptomudensity has been 22 times higher in the south Delta than

Suisun Bay. Densities in the two regions are not correl&ed)30). This

demonstrates that the presence of high copepod densities in the south Detta do no

necessarily occur simultaneously in Suisun Bay. The dendiRgeaidodiaptomus

appears to be reduced when E:l exceeds about 0.5 (Figure 19). The data for 1989 weaken
this relationship, but the Servicned ionft etrhper et
Pseudodiaptomusopulation following its introduction in 1988. This pattern of

population explosion is commonly seen when species invade new ecos)Sitaimsr{off

and Gibbons 2003

The decline irPseudodiaptomudensity that occurs whenlEatios exceed 0.5 does not

occur where th&seudodiaptomulsloom originates in the Delta (Figure 20). This is
consistent with the hypothesis that high E:l ratios reRaseudodiaptomuis the Delta,

i mpairing its flux t o Wabitatt Ehis8ndimglisaléos s u mm
consistent with Kimmerer and Nobrigads (
different regions of the Delta. As E:l increases, the probability that a patrticle will be
entrained into the export facilities increageesidence times from some locations also
increase as E:l ratios increase. Both of these effects can reduce the flux of
Pseudodiaptomus from the Delta to thedgalinity zone.

erti
2008

Proposed Operations

During June and July the projected monthly E:| ratigsilteng from proposed project
operations do not diverge dramatically from historic conditions and for the most part, do
not surpass 0.5 (Figures-22). One exception occurs in June of critical years, when
proposed project operations would reduce E:ltingdeto historic conditions. During July,

in above normal through critical years, monthly E:l occasionally surpasses 0.5 for
proposed project operations, whereas the actual monthly E:I has exceeded 0.5 only in dry
years since 1988. This would likely foer decrease the flux Bseudodiaptomut® the
low-salinity zone compared to current operations.

In August, a clear change in monthly E:l is projected for proposed project operations
relative to historic conditions for wet and above normal WYTs (Fig8je E:l ratios

greater than 0.5 are proposed in most years. Historically, wetter years rarely had E:l
ratios exceeding 0.5 and above normal years did so only occasionally. The occurrence of
only a single below normal WYT makes it difficult to assesgepil changes between
historic and proposed conditions. Dry years commonly have a projected August E:|
greater than 0.5 for proposed operations, but this is not a change relative to historic
conditions.

The proposed September operations resemble Aogesations in that E:I ratios will
increase relative to historic conditions (Figure 24). Note that an important difference
between September and August is that the projected E:l ratios are much higher in
September in most above normal, below normal, aing, critical water years. Projected
E:l ratios in September are generally above 0.5 in all but critical water years, and
frequently exceed 0.6. This operation will likely decrease the flidsefidodiaptomus

to the lowsalinity zone.
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Water transfers

Water transfers would increase Delta exports by 0 to 360,00demtréaf) in most years

(the wettest 8@ercent of years) and by up to 600,000 af in Critical and some Dry years
(approximately the driest 20 percent years). Most transfers will occur ks BawWP)

because reliable capacity is not likely to be available at Jones except in the driest 20
percent of years. Although transfers can occur at any time of year, the exports for
transfers described in this assessment would occur only in the mont&epaémber.

Delta smeliare rarely present in the Delta in these months, so no increase in salvage due
to water transfers during these months is anticipated.

Postprocessing of Model Data for Transfers
This section shows results from pgsbcessedwailable pumping capacity at Banks and
Jones for the Study 8.0 (Future Conditier2030). These results are used for illustration
purposes. Results from the Existing Conditions EYBAP study alternatives do not
differ greatly from those of Study 8.0,@&produce similar characteristics and tendencies
regarding the opportunities for transfers over the range of study years. The assumptions
for the calculations are:

1 Capacities are for the Latummer period July through September total.

1 The pumping capéty calculated is up to the allowabiel ratio and is limited by
either the total physical or permitted capacity, and does not include restrictions
due to ANN salinity requirements with consideration of carriage water costs.

1 The quantities displayed ahe graph do not include the additional 500 cfs of
pumping capacity at Banks (up to 7,180 cfs) that is proposed to offset reductions
previously taken for fish protection. This could provide up to a maximum about
90 taf of additional capacity for the JuBeptember period, although 60 taf is a
better estimate of the practical maximum available from that 500 cfs of capacity,
allowing for some operations contingencies.

1 Figure XX and Figure XX in th&roject Descriptiorshow the available export
capacity fran Study 8.0 (Future Conditior)30) at Banks and Jones,
respectively, with the 480-30 water year type on theaxis and the water year
labeled on the bars. The SWP allocation or the CVP south of Delta Agriculture
allocation is the allocation from Cal8ill output from the water year.

FromFigure XX of theProject DescriptionBanks willhave the most ability to move

water for transferg Critical and certain Dry years (driest 20 percent of study years)

which generally have the lowest water supplge@tions, and reflect years when

transfers may be higher to augment water supply to export contractors. For all other
study years (generally the wettest 80 percent) the available capacity at Banks for transfer
ranges from about 0 to 5@8f (not includingthe additional 60 taf accruing from the
proposed permitted increase of 500 cfs at Banks. But, over the course of the three
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months JulySeptember other operations constraints on pumping and occasional
contingencies would tend to reduce capacity for temssfin consideration of those
factors, proposed transfers would be up to 360 taf in most years when capacity is
limiting. In Critical and some Dry years, when capacity would not be a limiting factor,
exports for transfers could be up to 600 taf (at Baarkd Jones combined). Transfers at
Jones Figure XX of the biological assessmgate probably most likely to occur only in
the driest of years (Critical years and some Dry years) when there is available capacity
and low allocations.

Limitations
The andysis of transfer capacity available derived from the CalBistudy results
shows the capacity at the export pumps and does not reflect the amount of water available
from willing sellers or the ability to move through the Delta. The available capacity f
transfer at Banks and Jones is a calculated quantity that should be viewed as an indicator,
rather than a precise estimate. It is calculated by subtracting the respective project
pumping each month from that prognyaiaydps maxi n
be further reduced to ensure compliance with the Export/Inflow ratio required. In actual
operations, other contingencies may further reduce or limit available capacity for
transfers: for example, maintenance outages, changing Delta outfloneragnts,
limitations on upstream operations, water level protection criteria in the south Delta, and
fishery protection criteria. For this reason, the available capacity should be treated as an
indicator of the maximum available for use in transfers otfteeassumed study
conditions.

Proposed Exports for Transfers
In consideration of the estimated available capacity for transfers, and in recognition of the
many other operations contingencies and constraints that might limit actual use of
available capaity, for this assessment proposed exports for transfers (months July
September only) are as follows:

Water Year class Maximum Amount of Transfer
Critical up to 600 kaf
Consecutive Dry up to 600 kaf
Dry after Critical up to 600 kaf
All other Years up to 360 kaf

Therefore, effects of water transfers are not expected to have direct entrainment effects to
adultdelta smelt since the proposed transfer window is a time when deltzasenelt
distributedthewesternDelta. However, vater tansfers could havadversesffects to

delta smelt habitat or food iterby increased pumpinguringthe summer or fall. These
habitat effectarecaptured infCALSIM Il modeling andhe habitat suitability section.

JPOD

JPOD, as described inthe Projpce s cr i pti on and i nelédt,ded in th
gives Reclamation and DWR the ability to use
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capacity capabilities to enhance the beneficial uses of both Projects. There are a number
of requirements outlined in10641 ttat the Projects that restrict JPOD to protect Delta
water quality and fisheries resources. The effec@#@Dareincludedin the CALSIM

Il modeling results and ithe habitat suitability section.

500 cfs at Banks

Under the 500 cfs increased diversithe maximum allowable daily diversion rate into
CCF during the months of July, August, and September would increase from 13,870 AF
up to 14,860 AF and threday average diversions would increase from 13,250 AF up to
14,240 AF. This increased diversioveo the threamonth period would result in an

amount not to exceed 90,000 AF each year. Maximum average monthly SWP exports
during the threemonth period from Banks Pumping Plant would increase to 7,180 cfs.
Variations to hydrologic conditions coupled wittgulatory requirements may limit the
ability of the SWP to fully utilize the proposed increased diversion rate. Also, facility
capabilities may limit the ability of the SWP to fully utilize the proposed increased
diversion rate

Effects of the NBA

The simmer pumping rates of NBA diversiomsstudy7.0 (average 42 cfs) were 12
percent lower thathe pumping irstudy 8.0 (average 48 cfdpéclamation 2008
Hydrodynamic modeling results from the Solano County Water Agency (SCWA)
indicate that at a 42 cfaumping rate, the major water source pumped by the NBA during
normal water years origins from Cambell Lake, a smalttidad lake north of Barker
Slough. Thus under most sumntane conditions the entrainment effects are likely to be
low, especially sincdelta smelt move downstream by July (Nobriga et al. 2008). In dry
seasons, the NBA entrains water from Barker and Lindsay sloughs (SCWA), indicating a
potential entrainment risk for delta smelt. Historically, delta smelt densities have been
low in Barkerand Lindsay sloughs but the modeling data suggest that delta smelt could
exhibit some level of entrainment vulnerability during dry years. But it should be noted,
that these effects are likely to be small since most delta smelt reach 20 mm SL by June

(http://www.delta.dfg.ca.gov/data/NBPand are therefore protected by the fish screens | Field code Changed

on the NBA intakes designed to protect smelt this size.

NBA diversions are lowest in the fall (Chapter 12) only agerg 18 cfs irstudy 7.0 and

23 in study 8.0. Overall, there was no difference in fall diversions rates among the
studies. As discussed previously, delta smelt reside in the Suisun Bay to Sherman Island
region during the fall months and are not at siaégserable to NBA entrainment at this

time. Thus, there are no expected direct effects of the NBA on delta during this period.
Because pumping rates are low and the hydrodynamic models indicate only a small
percentage of water entrained enters from BaBkaeugh, it is unlikely the NBA has any
measurable indirect effects during this period.

CCWD diversions
Seeprevious effects discussion
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TempAg barriers
Seeprevious effects discussion

Permanent barriers
Seeprevious effects discussion

American River Emands
Seeprevious effects discussion
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Delta Cross Channel
Seeprevious effects discussion

Entrainment Effects

Water Diversions and Reservoir Operations

Banks and Jones

Entrainment effects during July throublovemberare not expected to be significan
Delta smelt are not present during this time of yeadiztentrainmenturing this time
of yearis not likely a concern.

Intertie
Seeprevious effects discussion

Suisun Marsh Control Gates
Seeprevious effects discussion

Habitat suitability

Delta smelt distribution is highly constricted near the Sacrars@atoJoaquin river

confluence during periods of low river flow into the estuary when the population gets
Aipinnedd in between saline water i ntheSui sun B
Delta. It was recently shown that there has been atemgdecline in delta smelt

habitat suitability durindall (Feyrer et al. 2007). In this analysis, the Service shows that

X2 is an indicator ofall habitat suitability. Thereforeghis analys assumes that

whenever the water projects are in balanced conditions, they are a primary driver of delta

smelt habitat suitability.

Thisanalysigs based on fall X2 and how it reflects the surface area of suitable abiotic
habitat for delta smelt, anadW that likely effects delta smelt abundance given current
delta smelt population dynamics. Supporting background material on the effect of fall
X2 on the amount of suitable abiotic habitat and delta smelt abundance is available from
Feyrer et al. (200722008). During fall when delta smelt are nearing adulthood, the
amount of suitable abiotic habitat for delta smelt is positively associated with X2. This
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results from the effects of delta outflow on salinity distribution throughout the estuary.

Fall X2 dso has a measurable effect on recruitment of juveniles the following summer in
thatithesbeena si gni f i cant c ov a-redrut telatioriship sidoe the a s me |l t
invasion of the overbite clam. Potential mechanisms for the observed effeevaral

fold. First, positioning X2 seaward during fall provides a larger habitat area which

presumably lessens the likelihood of densigpendent effects (e.g., food availability) on

the delta smelt populatiorBecond, a more confined distribution nmagrease the

probability of stochastic events that increase mortality rates of adults. For delta smelt,

this includes predatioma anthropogenic effects such as contaminantfentrainment

(Sommer et al. 2007).

This evaluation of habitat suitabilitonsidered three elements: X2 position, total area of
suitable abiotic habitat, and predicted effect on delta smelt abundance the following
summer. Effects of the proposed project operations were determined by comparing X2,
area of suitable abiotic habitand effect on delta smelt abundance across the operational
scenarios characterized by the CALSIM Il model runs, and also as they compare to actual
historic values from 1967 to the present. The modeled scenarios include: Study 7.0,
Study 7.1, Study 8.@&nd Studies 9:9.5. The section concludes with additional
observations of the historic and modeled data with a discussion of the potential
underlying mechanisms.

X2

The first step of the evaluation examined the effect of project operations on X2 (km
during fall, as determined by tl@&ALSIM Il model results. These model results are
presented in a monthly time step and are provided in the appendices to the Biological
Assessment. In order to be consistent with previous analyses (Feyrer 2007, 2008), X
during fall was calculated as the average of the monthly X2 values from September
through December obtained from thAICSIM Il model results. The data were also
differentiated by water year type according to that of the previous spring.

The median X&cross the BLSIM Il modeled scenarios were -11® percenturther

upstream than actual historic X2 (Figui®).2Median historic fall X2 was 79km, while
median values for theALSIM Il modeled scenarios ranged from 87 to 91km. The
CALSIM Il modeled sceréos all had an upper range of X2 at about 90km. The

consistent upper cap on X2 shows that water quality requirements for the Delta ultimately
constrain the upper limit of X2 in the simulations. These results were also consistent
across water year typéBigure 25) with the differences becoming much more

pronounced as years became drier. Thus, the proposed project operations will affect X2
by shifting it upstream in all years, and the effect is exacerbated in drier years.

Area of suitable abiotic habitat

The second step of the evaluationdigee modeled X2 to estimate the total surface area

of suitable abiotic habitat available for delta smelt. Feyrer et al. (2008) examined three
differentdefinitions of habitat suitability for delta smelt thatr@esubsequently used to
generate theectares (ha)f suitable abiotic habitat. The three habitat criteria examined

by Feyrer et al. (2008) were based on the statistical probability of delta smelt occurring in
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a sample due to water salinity and claritpidtteristics at the time of sampling. The
probabilities of occurrence they examined and compared xvEdgercent> 25 percent
and > 40 percent This evaluation applied their intermediate definition op28cento
avoid potentially overor underestimating the effect. The quantitative model relating
X2 to area of suitable abiotic habitat is presented in Figure 26.

The median amounts of suitable abiotic habitat based upon X2 values generated across
the CALSIM Il modeled scenarios were-89 percentsmaller than that predicted by

actual historic X2 (Figure 27). The median historic amount of suitable abiotic habitat

was 9,164 ha, while median values for the CALSIM Il modeled scenarios ranged from
3,995 to 4,631 ha. These results were alsoistemd across water year types (Figure 27),
with the differences becoming much more pronounced in drier years. Thus, the proposed
project operations affect the amount of suitable abiotic habitat by decreasing it as a result
of moving X2 upstream, and tledfect is exacerbated in drier years.

Effect on delta smelt abundance

The third step of the evaluation was to use the modeled X2 to estimate the effect on delta
smelt abundance. The model relating X2 to delta smelt abundance was updated from that
devebped by Feyrer et al. (2008) by adding the most recent year of available data (Figure
28). This model incorporates X2 as a covariate in the standardrstciit (FMWT

indexTNS index the following year; Bennett (2005)) relationship for delta smelt. The
model is based on data available since 1987 and therefore represents current delta smelt
population dynamics (Feyrer et al. 2007). Note that although the regression model is
highly significant and explains Fg&ercentof the variability in the data sehe residuals

are not normally distributed. The pattern of the residuals suggests that some type of
transformation of the data would help to define a better fitting model (FigureTh&.
analysisdid not explore different data transformations. For gaiveg predictions, the

FMWT values in the model were held constant at 280, the median value over which the
model was built. This was done for all iterations in order to make the results comparable
across the scenari os exraind®eTNS thaalugsd ortise & ,h a
are those predicted with the model using actual historic X2 values from 1967 to the
present.This approach was necessary in order to examine the likely effects of the

different scenarios on presetfiy delta smelt populatiodynamics

The median values for the predicted TNS index based upon X2 values generated across
the CALSIM Il modeled scenarios were 80 percentsmaller than those predicted from
actual historic X2 (Figure 29). The median value for the TNS indedigted based

upon historic X2 was 5, while median values predicted from X2 values generated from
the CALSIM Il modeled scenarios ranged from 1 to 2. These results were also consistent
across water year types (Figure 29) with the differences becomingmureh

pronounced as years became drier. Thus, the proposed project operations are likely to
negatively affect the abundance of delta smelt.

Additional long-term trends and potential mechanisms

There has been a loitgrm shift upstream for actual X2 dhg fall that is associated with
a similar upstream shift in the E:l ratio (Figure 30). X2 is largely determin&khg
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outflow, which in turn is largely determined by the difference between total delta inflow
and the total amount of water exported, coonly referred to as the E:l ratio. During

fall, the E:l ratio directly affects X2, slightly less so when the E:l ratio reaches
approximately 0.45 (Figure 30). The leveling off is due to the need to mee4 D

salinity standards. Thus, the lotegym paitive trend in X2 and the associated negative
affects on area of suitable abiotic habitat and predicted delta smelt abundance appear to
be related to the loAgerm positive trend in E:l ratio. X2 in the time series for each of the
CALSIM Il model runs iven greater than the peak of the actual historic values (Figure
31). Based on the proposed operations, the upstream X2 shift will persist.

While the above results demonstrate the likely effects of project operations on X2
averaged over the fall pedpthe modeling scenarios indicate that X2 in individual

months will vary by water year type classification and by the specific modeling scenario
(Figure 32). In wetter years of Studies 7.0, 7.1, and 8.0 (wet and above average water
year types), X2 tend® diverge from historic conditions in that it shifts upstream in
September, October, and November, and shifts downstream in December. This pattern is
much less pronounced in the climate change scenarios, Stud®$ 9. all model

studies there is sb a general decrease in interannual variability across all of the months.
In drier years (below normal to critical water year types), the model scenarios indicate
that for all months X2 will generally be shifted upstream and that much of the interannual
historic variability will be lost.

The effects of project operations outlined above on X2 during the fall months have
considerably altered the hydrodynamics of the estuary in two important ways other than
which have already been described. First, thg-term upstream shift in fall X2 has
created a situation where all fall seasons regardless of water year type now resemble dry
or critical years (Figure 33). Second, the effects have also manifested in a divergence
between X2 during fall and X2 during tpeevious spring (Aprilluly spring averaging
period), and the modeling studies indicate this condition will persist in the future (Figure
34). With one exception in 1967, the historic X2 during fall was always less than 10km
upstream of X2 during the spg, regardless of water year type (Figure 35). However,
since 1993, X2 during fall has moved considerably further upstream than X2 during
spring in wet and above normal years. In wet and above normal years, fall X2 was, on
average, 3km upstream of siX2 from 1967 to 1992, while it was 19km upstream

from 1993 to 2007.

Combined, these effects of project operations on X2 will have important direct and
indirect effects on delta smelt. Directly, these changes will substantially alter the amount
of suitable abiotic habitat for delta smelt, which in turn has the possibility of affecting

delta smelt abundanc®elta smelt is probably not currently habitat limited given its
extremely low abundance. However, it is clear that delta smelt has becomeingtyeas
habitat limited over time and that this has contributed to the populgidiming to

recordlow abundance levels (Bennett 2005; Baxter et al. 2008; Feyrer et al. 2007, 2008;
Nobriga et al. 2008). Therefore, the continued loss and constricti@baéhproposed

under future project operations significantly threatens the ability of ss&ifining delta

smelt population to recover and persist in the estuary at abundance levels higher than the
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current recordows. Indirectly, changes such as tiaetremely stable low outflow
conditions resembling dry or critical years proposed for the fall across all water year
types will likely a) contribute to higher water toxicity (Werner et al. 20@®ause the
proposed flows are always low in all water ysguess b) contribute to the potential
suppression of phytoplankton production by ammonia entering the system from
wastewater treatment plants (Wilkerson et al. 2006; Dugdale et al. R&€a)se diluting
flows are minimalc) increase the reproductive susxef overbite clams allowing them

to establish yearound populations further eas¢cause salinity is consistently high with
low variability (Jan Thompson, USGS, unpublished data), d) correspond with high E:I
ratios resulting irelevated entrainmewf lower trophic levels, e) increase the frequency
with which delta smelt encounter unscreened agricultural irrigation diversions in the
Delta (Kimmerer and Nobriga 200Bgcause the eastward movement of X2 will shift the
distribution of delta smelt upstreaandprovideenvironmental conditions for nonnative
fishes that thrive in stable conditions (Nobriga et al. 20@&houghthere is no single
driver of delta smelt population dynamics (Baxter et al. 2008), these indirect effects will
exacerbate any direeffects on delta smelt and hinder the ability of the population to
recover and maintain higher levels of abundance in the future (Bennett and Moyle 1996;
Bennett 2005; Feyrer et al. 2007).
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Water transfers
Seeprevious effects discussion

American River Bmands
Seeprevious effects discussion

Delta Cross Channel
Seeprevious effects discussion

Komeen Treatment

The Department of Boating and Waterways (DBW) prepared an Environmental Impact
Report (2001) for a twgear Komeen research trial in the Delthey determined there
were potentiaéffectsto fish from Komeen treatment despite uncertainty as to the
likelihood of occurrence. Uncertainties exist as to the direct impact that Komeen and

Komeen residues may have on nfofiKeneensspeci es. AT
|l ower than that expected to result in mortal
(Huang and Guy 1998). However, there is evidence that, at target concentrations,

Komeen could adversely impact some fish species. The possibibtg é€xat Komeen

concentrations could be lethal to some fish species, especially during the first nine hours

following application. Although no tests have examined the toxicity of Komeen to

Chinook salmon or steelhead, LC50 data for rainbow trout sudgestdlmonids would

not be affected by use of Komeen at the concentrations proposed for the research trials.

No tests have been conducted to determine the effect of Komeen on splittail, green
sturgeon, pacific | amprey asmelt.i ver | amprey. o

In 2005, no fish mortality or stressed fish were reported during or after the treatment. The
contractor, Clean Lakes, Inc was looking for dead fish during the Komeen application. In
addition, no fish mortality was reported in any of the previdameen or Nautique
applications. In 2005, catfish were observed feeding in the treatment zone at about 3 pm
on the day of the application (Scott Schuler, SePro). No dead fish were observed. DWR
complied with the NPDES permit that requires visual monitogisgessmentDue to the
uncertainty of the impact of Komeen on fish that may be in the Forebay, we will assume
that all delta smelt in the Forebay at the time of application are taken. The daily loss
values vary greatly within treatments, between montiasteetween yeargigure XX

illustrates the presence of delta smelt in the Forebay during treatments. There are no loss
estimates for delta smelt, so the relationship between salvage and true loss of delta smelt
in the Forebay in unknown.
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Figure XX May-September delta smelt salvageDatQIE§SWP Banks Pumping Plant, 1996-
2005, with the start and end dates of Komeen or Nautique aquatic weed treatment
indicated by the red diamonds.
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Studies atBanks and Jonedish facilities

A number of studies are conducted atBamksand Jones fish facilities to evaluate the
efficiency of these facilities and study if there are operational modifications that can
increase these efficiencies.

Effects to Delta Smelt Critid Habitat

The Servicebs primary objective in designati:i
components of delta smelt habitat that support successful spawning, larval and juvenile
transport, rearingand adult migration. The Service identified the following primary
constituent elements as essential to the conservation of the species: physical habitat,
water, river flow, and salinity concentrations required to conserve the species. These
conditionsmay occur in different regions of the Delta at different times, and provide
habitat for different life stages, but these conditions must be present when needed, and
have sufficient connectivity to provide for the flow of energy, materials and organisms
amag the habitat components. The entire legal Delta plus Honker, Grizzly and Suisun
Bay and Marsh and Carquinez Straight to the confluence with the Napa River is
designated as critical habitat; over the course of a year, different life stages occupy all the
critical habitat.

The primary constituent elements (PCEs) are affected by water project operations that
have altered seasonal flows in the Delta. Springtime flows are decreased relative to the
natural hydrograph, as reservoir operations change oveffivothmanagement to water
storage. Further, summer and early fall flows may be increased over the natural
hydrograph as reservoirs release stored water to support export operations (Kimmerer
2004). Changes in inflow affect the location of the highgductive lowsalinity zone,
affecting habitat volume and quality. Within the Delta, water diversions alter water
circulation patterns and flushing times and change salinity fidltie. combined

influence of recent hydrologic and other changes upon chamgesed in the 1980s and
earlier has had the effect of moving the distribution of delta smelt to areas that are
generally upstream of where they once occurred. The effects to delta smelt critical
habitat are discussed largely in terms of how the propmsgelct will affect the location

of X2. The location of X2 varies both between and within years, according to hydrology
and project operations.

Whether considered a surrogate variable for freshwater flow or an indicator of habitat
conditions, changindhe location of X2 changes physical conditions in the upper estuary
(Kimmerer 2004). The strategic placement of X2 is intended to have two benefits for
delta smelt (1) improvement of environmental quality and (2) minimization of

entrainment into thBanksand Jonegxport facilities. Temperature, turbidity and

specific conductance (a surrogate for salinity) have been used as variables to describe
favorable environmental conditions in the Delta; as such, they have been shown to be
statistically significanpredictors of fish occurrence (Feyrer et al. 2007). Lmm

trend analysis has shown that environmental quality has declined across a broad
geographical range, but most dramatically in the western, eastern and southern regions of
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the Delta, leaving onla relatively restricted area around the confluence of the
Sacramento and San Joaquin Rivers with the least habitat alteration, compared to the rest
of the upper estuary. This reduced condition may contribute to the observed decline in
delta smelt abundae by shrinking suitable physical habitat and by altering feeding
conditions (availability of prey and efficiency of feeding). Improved inflow conditions
associated with moving X2 westward may maintain the nutrient input that supports
primary productivity(Jassby 2008; Cloern 2007) and the turbidity that delta smelt need to
successfully forage and, in turn, to elude predators. Recent modeling indicates that the
risk of entrainment is related to distribution and to hydrology (Kimmerer and Nobriga
2008; Cuberson et al 2004). In the fall, delta smelt tend to occur in thesédiwity zone

or just seaward of X2, and as they mature, move into freshwater to spawn. Moving X2
westward in the fall therefore reduces the risk of entrainment by increasing the
geogaphic and hydrologic distance of delta smelt from the influence of the Project
facilities.

Spawning. The PCEs required for spawning habitat are physical habitat, water, river
flow and salinity. Changes to delta smelt spawning habitat include humatiaitdrom

a shallow, seasonallyrackish complex of low islands and marshes to armored islands
surrounded by dredged channels kept artificially fresh; invasive species; contaminant
loading; and altered hydrology. There is presently no evidence of hadittiction

during the spawning season (Baxter et al 2008), although no studies have addressed this
qguestion. Construction and subsequent maint
Delta would permanently modify areas that may function as dek# spawning habitat;
however, since the footprint of the disturbance is likely to be minimal and the location is
such that entrainment into the export facilities is all but assured, construction and
maintenance of the gates may have minimal impact opdpelation overall. During the
January to April period, when the bulk of spawning occurs in most years, inflow to the
Delta is expected to remain similar to present conditions; however, Delta outflow is
expected to decrease, with the biggest differencesrong in belownormal, dry and

critical years.

Larval and juvenile transport. The PCEs required for larval and juvenile transport are
water, river flow and salinity. Changes to delta smelt larval and juvenile transport habitat
include water diversiathat create net reverse flows in the Delta that entrain larval and
juvenile delta smelt and prevent their transport to rearing areas, permanent and temporary
barrier installation and operation that alters Delta hydrology and salinity fields, and
diminished river inflows that change the relative location of the-sahnity zone. Both

the current and proposed project operations affect larval and juvenile transport by flow
disruption and by interception (entrainment) of fish. Under the proposed profewillX
usually be located further downstream than historically in March through June, except in
wet years geeEffects Analysis). Larval and juvenile delta smelt move from the areas
where they are spawned and must leave the Delta before water tempeesgitinebeir

critical thermal maximum of 25°€. Flows must be adequate during the period when
larvae and juveniles are being transported. The location of X2 must be west of the
confluence of the Sacramento and San Joaquin Rivers when juveniles are being
transported, to ensure that suitable rearing habitat is available. Flow regulation has
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resulted in an overall decrease in riverine sediment load, as sediment is lost to upstream
reservoirs (Arthur and Ball 1979A turbid environment (>25 NTU) is necessy to elicit

a first feeding response (BaskerviBgidges et al. 2000; BaskervitRridges 2004).
Successful feeding sesto dependn high density of food organismasd turbidity, and
increases with stronger light conditions (Baskerviédgeset al 2000; Mager et al.

2004; BaskervilleBridgeset al.2004) Reduced frequency and magnitude of inflow

events under the proposed project will decrease turbidity and affect feeding behaviors.

Rearing habitat. The PCEs required for larval and juvenitsprart are water, river flow
and salinity. Changes to delta smelt rearing habitat include altered flow regimes which
result in seasonalyeduced freshwater inflow; invasive species; and contaminant
loading. For delta smelt, environmental quality as xedeby water temperature,
transparency and salinity is an important predictor of delta smelt occurrence and
abundance (Feyrer et al 2007, Feyrer et al 2008). The position of tpatisper
thousand isohaline, X2, determines the amount of suitabd¢i@babitat for delta smelt.
River flow is the primary driver for the position of the lsalinity zone (Jassby et al
1995). The location of the lowsalinity zone (indexed by X2) is a function of total Delta
outflow, which under most conditions is detened primarily by the operations of the
SWP and CVP. Reduced river inflows under the proposed project will shift the median
location of X2 10percento 15percenturther upstream over historic conditions,
shrinking the areal extent of suitable abidtabitat by 4%ercento 57 percent with the
effect most pronounced in drier years. To provide a productivesrfobanvironment,

and protect rearing delta smelt from entrainment, X2 must be located within an area
extending eastward from Carquinez #jha up the Sacramento River to Thildde

Slough, and south along the San Joaquin River, including Big Break, potentially from
February through the summer.

Adult migration. The PCEs required for larval and juvenile transport are water, river
flow and séinity. Adult migration habitat has been affected by changes in quantity and
pattern (timing) of inflow to the Delta. The proposed project will likely have the greatest
effect on adult migration habitat in wetter years, as a relatively greater propartion

inflow is diverted for export. During the December through March period, when most
adult migration takes place, Delta outflows are expected to decrease relative to present
conditions. During January, when the freshets that cue adult migration actezkp

Delta outflow is expected to decrease in all but critically dry years, which may affect the

timing, magnitude and duration of attraction flgws. ( Formatted:

Not Highlight

Cumulative Effects

Cumulative effects include the effects of future State, Tribal, local, or privet@sic

affecting listed species that are reasonably certain to occur in the area considered in this
biological assessment. Future Federal actions not related to this proposed action are not
considered in determining the cumulative effects, because theylgest to separate
consultation requirements pursuant to section 7 of the Act.
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Any continuing or future nofrederal diversions of water that may entrain adult or larval
fish are not subject to ESA Section 7 and might contribute to cumulative effélots to
smelt. Water diversions might include municipal and industrial uses, as well as
diversions through intakes serving numerous small, private agricultural lands contribute
to these cumulative effect$lowever, a recent study by Nobriga et al. (2005pssted

that these diversions entrain few delta smBlbbriga et al. reasoned that the littoral
location and lowflow operational characteristics of these diversions reduced their risks.
A study of the Morrow Island Distribution System by DWR producedlar results,

with one demersal species and one species that associates with structural environmental
features together accounting for-98 percent of entrainment, and only one delta smelt
observed during the two years of the study (DWR 2007).

State oflocal levee maintenance may also destrogarersely modify spawning or

rearing habitat and interfere with natural long term hali@intaining processes.

Operation of flowthrough cooling systems on electrical power generating plants that

draw water fom and discharge into the area considered in this biological assessment may
also contribute to cumulative effects to the smelt.

Additional cumulative effects result from teéectsof point and norpoint source
chemicakontaminant discharge3.hese cotaminants include but are not limited to free
ammonium ion, selenium, andmerous pesticides and herbicides, as well as oil and
gasoline products associated wdthcharges related to agricultural and urban activities.
Implicated as potential sourcesrmbrtality for smelt, these contaminants may adversely
affect fish reproductive success and survival rates.

Two wastewater treatment plants, one located on the Sacramento River near Freeport and
the other on the San Joaquin River near Stockton have edcgpecial attention because

of their discharge of ammonid.he Sacramento Regional County Sanitation District
wastewater treatment facility near Freeport discharges more than 500,000 cubic meters of
treated wastewater containing more than 10 tonnes wifoauia into the Sacramento

River each day (http://www.sacbee.com/378/story/979721.htamBliminary studies
commissioned by the IEP POD investigation and the Central Valley Regional Water
Quality Control Board are evaluating the potential for elevatesldenf Sacramento

River ammonia associated with the discharge to adversely affect delta smelt and their
trophic support.The Freeport location of the SRCSD discharge places it upstream of the
confluence of Cache Slough and the mainstem Sacramento Rlieeatian where delta

smelt have been observed to congregate in recent years during the spawning&eason.
potential for exposure of a substantial fraction of delta smelt spawners to elevated
ammonia levels has heightened the importance of this inaéistig Ammonia discharge
concerns have also been expressed with respect to the City of Stockton Regional Water
Quality Control Plant, but its remoteness from the parts of the estuary frequented by delta
smelt suggest that it is more a potential issue fgrating salmonids than for delta smelt.
Other cumulative effects could include: the dumping of domestic and industrial garbage
may present hazards to the fish because they could become trapped in the debris, injure
themselves, or ingest the debris; gaticses reduce habitat and introduce pesticides and
herbicides into the environment; oil and gas development and production may affect
habitat and may introduce pollutants into the water; agricultural activities including
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burning or removal of vegetation tevees reduce riparian and wetland habitats; and
grazing activities may degrade or reduce suitable habitat, which could reduce vegetation
in or near waterways.

The effects of the proposed action are not expected to alter the magnitude of cumulative

effeds of the above described actions upon the critical habitat's conserfatiotion for
the smelt.

Table XX. Summary of expected effects to critical habitat.

Components of Primary Constituent Element
the Proposed | Physical Water River How Salinity
Action Habitat Concentration
SWP and CVP | Small - Changes to | -Interception and| -Changes in
Operations biotic elements| entrainment of | quality, extent,
of habitat and | fish and location of
changes to - Disruption of | physical pelagic
extent and adult migatory | habitat
quality of behavior
physical - Disruption of
pelagic habitat| larval fish
- Further distribution
spread of - Enhancement
Microcystis of non
indigenous
species
- Concentration
of environmental
toxins
Intertie Small Small -Interception and| Small
Between DMC entrainment of
and CA fish
Article 21 Small Small -Interception and Small
entrainment of
fish
- Disruption of
adult migratory
behavior
- Disruption of
larval fish
distribution
North Bay Small Small Small Small
Aqueduct
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Freeport Small Small Small Small
Regional Weer
Project
South Delta Small Small -Interception and, Small
Temporary entrainment of
Barriers fish

- Disruption of

adult migratory

behavior

- Disruption of

larval fish

distribution
South Delta Small Smal -Interception and, Small
Permanent entrainment of
Operable Gates fish

- Disruption of

adult migratory

behavior

- Disruption of

larval fish

distribution
Suisun Marsh | Small Small Small -Changes in
Salinity Control quality, extent,
Gates and location of

physical pelagic
habitat

CCWD Small Small Small Small
Diversions
Water Transfers Small - Changes to | -Interception and| -Changes in

biotic elements
of habitat and
changes to
extent and
quality of
physical
pelagic habitat
- Further
spread of
Microcystis

entrainment of
fish

- Disruption of
adut migratory
behavior

- Disruption of
larval fish
distribution

- Enhancement
of non
indigenous
species

- Concentration
of environmental
toxins

quality, extent,
and location of
physical pelagic
habitat
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Figures

Figure 1. Relationship between average Decesivisech flow in Old and Middle rivers
and the salvage of delta smeltthe same averaging period.
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Figure 2. Boxplot summary of CALSIM Il operations study outputs of median December
T March flows in Old and Middle rivers for five water year types (1 = wet; 5 = critical).
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Figure 3. Historic mediaim salvage in the 25and 7%' percentile versus the preceding
years FMWT Recovery Index (1987 to 2007..
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Figure 5. Scatterplot of average flow in Old and Middle rivers (upper panel = Mdxahe; lower panel =

April T May) and the percentage of the larval and juvenile delta smelt population entraihe®WP and

CVP export pumps. The entrainment estimates were taken from Kimmerer (2008). The bubble sizes are
scaled to the average Delta outflow for the same averaging periods as the OMR

48



48

| flows.
b
30
E o
En| 8
ol 10 1
¥ -
(4+]
S 10
= 10000 0 10000
o] Avg Mar-Jun OMR
(4} ]
9 30
=
5 20 :
S
ol 10 X |
: o
s -10
= 10000 0 10000

Avg Apr-May OMR

Figure 6. Time trend in average Maificlune flow Old and/iddle river flow, 1967

2007. Data for 198Q006 are empirical data based on ADCP measurements. Data for
19671979 and 2007 are estimated as described in the text. The spline is a LOWESS
regression
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1979 and 2007 are estimated as described in the text. The spline is a LOWESS
regression line.
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