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Anadromous Fish Restoration Program
Draf~ Justification of 1997 Delta Flow and Habitat Objectives

using CVPIA tools [Section 3406(b)(1)(B), (b)(2), (b)(3)]

INTRODUCTION

The goal of the Anadromous Fish Restoration Program (AFRP) is to make all rea~c~nabl~efforts
to at least double ’,natural production of anadromous fish in Central Valley rivers and streams.
Presently the Delta is governed by the 1995 Water Quality Control Plan (WQCP; SWRCB, 1995)
whose basis was the Delta Accord (1994). A portion of the Central Valley P.roject Improyement
Act (CVPIA) water resources are being used to meet conditions of the Delta Accord and WQCp
and the remaining portion is proposed for use to increase production of anadromous fish in the
Delta in addition to that provided by the Delta Accord. This document describes proposed flow
and habitat objectives for the 1997 water year in addition to those occurring as a result of the
Accord, using resources provided by the CVPIA.

Most of~e proposed AFRP actions in the Delta would result in extending the time i~eriod for
protective measures contained within the Delta Accord. These include limiting expgrts to 35%
ofinflo .w, moving the X2 position downstream, and closing the cross, channel gates.. The Delta
Accord targets protective measures during the late winter and spring period when .the majori .t-7 of
anadromous fish are presentl ..... .      .           ~.... ..... ..

Extending the time period of Delta Accord p~otective measures would increase the I~mtection of
anadromous fish in the fall, winter and summer months. For instance, protecting both the. early
and late outmigrants of the various salmon races wguld provid+ greater life history diversity
relative to o.utmigration timing. . Providing life history div.ersity would decrease the risk of
artificially selecting a segment of the population based on dutmigration timing, a trait possibly
under genetic .control. Extendi~ag Delt~ export limitations through the month Of July.w6u. ld
likewise extend protection to juvenile striped b~s and other fish poPu!atio.ns,.which. N.e....
vulnerabIe to entrainment in the summer.                            .     ...... :

We have selected actions in the Delta to increase the natural production of anadromous fish, but
ot.her r~sident species would likely benefit as well. We believe that the Delta Ac.cord provides
some p~d~ection to anadromous fish. Given the additional water resources available through the
CVPIA, we believe the proposed actions will further improve the natural production of

.- -.., . : ana.d.romons:fts.h.migra..tingor.residingin.the D~Ita~.and_contribute to.Ihegoal of the AFRP to "
.... -,,.. ~:~: - :-..ihake all. reasohabl~ ~fforts~to-at~ l~t~ doable tl~e natttrat..:.prodtictidn of- anadromous fish in the

Central Valley.

]~ach action is described {n a template that provides a description of the action, including
background information, the species and life history stages benefitted, selected key supporting
data, monitori.ng and evaluation needs, and sources of information.
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Introductiotz

Biological justification for the protective measures contained within the Delta Accord are
available in a variety of documents, such as EPA’s "Review of State of California Water Quality
Control Plan for the San Francisco Bay/Sacramento-San 3"oaquin Delta Estuary Under Sectioa
303 of the Federal Clean Water Act" (EPA, 1995), the USFWS’s "Measures to Improve the
protection of chinook salmon in the Sacramento./San Joaquin River Delta" (USFWS, 1992),
California Department of Fish and Game’s exhibits to the 1992 SWRCB hearings, .and a.variety
of reports by the Interagency Ecological Program (IEP).

The AFRP is requesting that the interested parties review the actions and relative priorities and
make comments to facilitate the most effective use of our water resources in ifl, creasing .t.h~
natural production of anadromous fish in the Delta.

Citations

Delta Accord, 1994. Principles for Agreement on Bay-Deita Standards Between the~ Sta~e of
California and the Federal Government." December 15, 1994. .........- ’¯~ " "¯ .~. ~, ,., , _:,. : ~ ... ::_-;., ....:. ¯ . .,.

EPA, 1995. Technical Support Memorandum: Review of State’0f California W~ter Quality
Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary Under ’
Section 303 of the Federal clean..:Water Act.                      .    ...~::.: .,..-

SWRCB; 1995. Environmental Report. Appendix 1 to W~i~r Quality .Cdnirol Plari for th~ San
Francisco Bay/Sacrament0-San~Joaquin Delta Estuary." ’                " :’ "

usFWS, 1992 . Measures t~ Improve tI~ Protection Of Chi~o0k Salmon in theSacram, ent.6./S~
/oaquin River Delta:~ Expert Testimony of U.S~ Fish and Wildlife S~ivice on C~nook" "
Salmon Tectmical Infonriation for State Water Resources CoiatrolBoard.Water.Rights
Phase of the Bay/Delta Estuary Proceedings. July ~, 1992 ..WRINT-USFWS.-7." :,.,.::

o°
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Octoter 22, 1996
~, , ~, ,, ~, ,, , ......

List of Delta actions

PROPOSED DELTA ANADROMOUS FISH RESTORATION PROGRAM
ACTIONS FOR THE 1997 WATER YEAR REQUIRING WATER

ABOVE THE BAY/DELTA ACCORD AND 1995 WQCP.

Priori .ty.                  .    ~                                                                ..
1.    Limit the combined SWP and CVP exports so as to maintain a San Joaquin Ri.ver at Vernalis

inflow total ~xport ratio during the 30 day, April through May pulse flow period (4/15 to 5/15)
by water year type as follows: 5:1 wet, 4:1 above normal, 3:1 below normal, 3:1 .d~/cri.fical.

Note: The Service and Bureau of .Reclamation are working in conjunction with the Interagenoy
Ecologica.1 Program (IEP) agencies, the San Joaquin Tributary group and the California Urban
Water Association (CUWA) to determine how best to evaluate the benefits of th~ propos.al
action and if the action should be modified to some degree.     : " " "

2. Co~ntinue to evaluate.a temporary rock barrier at the head of Old River to improve Conditions
for chinook salmon, migration .and stirvi~,al during the April 15- May 15,oi other 3 0 day pulse
period, consistent with ths. Corps of Engineers Permit.to the Dep.artment Of Water Resources
and Fish and Wildlife Sei~ices’ Biological Opinion on Delta smelt. :.

3. Increase the level 0fprotection targeted by the May and JuneX2 requirements to a 1962level of
d~velopment; This represents an increase in numbers of days when X2 is required at Chipps
Island in Table A of the 1995 WQCP as described below. PMI is p~evious m.,on~s index.

1962 LOD IN WQCP
PMI.. MAY JUNE MAYJUNE                   -.

500 0 0 0 " 0 .- "
750 0 0 0 0
1000 0 0 O" 0
1250 0 0 0.. 0
1500’0 0 0 0 :

.~.. 1750 1 0 0 0
2000 4 0 1 0
2250. 13 1- 3 0 ".

".:’,.~..- - ...-~-= - : 2500 :. 24 3 11 1 "
;7~!"-’;":~: :~i - :2750 "-29 7 20 2
;..........." ....., -3000 ~30 12 27 4

3250 31 18 29 8
3500 31 23 30 13
4000 31 28 31 18
4250 31 29 31 25
4500 31 29 31 27
4750 31 30 31 28
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List of Delta actions

4. Maintain at least 13,000 cfs daily flow in the Sacramento Riverat the I street Bridge during
May to improve transport of eggs and larval and striped bass and other young anadromous fish
and to reduce egg settling and mortality at low flows. Provide 9000 cfs daily flow minimum at
Knights Landing during May.

Note: The 9,i300 cfs is requested at Knights Landing since striped bass spawn above the mouth
of the Feather and flow is needed there initially.

5. Ramp (linearly) the total CVP/SW’P eXpor~ level from whatever it is on 5/15~o meet Action 1
to those export levels proposed by pioject.s to meet tile 1995 WQCP (in June 1, when salmon
are present.

Note: This’ is a new action and meant to prevent a quick rise in exports afterMay.i 5 when
salmon and other anadrbmohs fishes could beviilnerable to such ~ o..perational c.hange.

6. Clo~e the Delta Cro~s Channel (DCC) starthag0n N0vembe’r 1. " ’" :~ " " ...." "

Note: This action is m~ant to supplement that in the Accord and 1995 WQCP where it asks for.
a closureof up to 45 days based on the NMF. S draft guidelin..es. " .

7. Limit the average CVP/SWP exp~rts to no greater than. 35%ofDeita inflow in July. Sub
priorities: 1) July 1- July 15, 2) July 16 - July 31.

8. Establish conditions for a CWT late fall run smolt survival experimen.t in Dec .’97/Jan ’98 at
exports of 65 and 35%.of DOF, respectfully.                   . :.

9. Limit the average CVP/SWP exports to no greater than 35% of Delta lnflow in the November-
Ja~.~uary period. Sub priorities: 1) January, 2) December, 3) November.
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Delta Action 1

Delta Action 1: Limit the combined SWP and CVP exports sis as to maintai~.a San Joaquin
River at Vernalis inflow total export ratio during the 30 day, April through May pulse flow
period (4/15 to 5/15) by water year type as follows : 5:1 wet, 4:1 above normal, 3:1 below
normal, 3:1 dry/critieal.

.Description: The proposed action establishes ratios of Vemalis flow to combined SWP and
CVP exports (VFER) from mid-April to mid-May.. Three values of VFER are proposed and vary
with water-year type. Attaining the ratios will depend on coordination, among S.WP. and CVP
operators that co~atrol exports and the USBP,. and private reservoir operators that regulate dam
releases influencing flow at Vemalis. Three tools provided by Section 3406 of the Central
Valley Project Improvement Act (CVPIA), that is reoperati0n 3406(b)(1)(B), 800,000 af of
dedicated water 3406(b)(2), and acquir.ed water 3406(b)(3), will be used to implement the action.
We acknowledge there is some uncertainty to using a ratio of variables to describe protective¯
criteria. However, it is our intent to increase flows and decrease exports to levels that will
benefit the fish. Thdratio is a convenient method of identifying conditions to benefit fish even
though evidence suggests that the difference between inflow and exports may be a more useful
variable.~                   ~ "

Background: Recommendations for VFER were addressed in the 1995 water Quality Control
Plan for the San Francisco Bay/Sacramentg-San Joaquin Delta.Estuary (WQCP; SWRCB 1.9.95) .
and a formal consultatio.n, pursuant to ..section 7(a)(2) of the federal Endangered Species Act;.-...-:
between the USFWS and USBR concerning delta smelt (USFWS 1995a). The 1995 WQCP
water quality objectiv.es for fish and wildlife beneficial uses include limiting export.rate to 1,500
cfs or 100% of San Joaquin River flow at Vema!is, whichever is greater. The objective applies
to the pe.riod 15 April to 15 May, but.the time period can. be. varied depending on real-time ~. ,
monitoring and the.operatio.nsgrotipr A recommendation from the consultation for delta smelt .:.
was to institute.a. 1,5:1. VFER..A higher VFER tl~an in the 19~5 WQCP was inte.nded to reduce
entrainrbient of deR~i smelt into the Ca/P mad SWP facilities pumps..    .    ~. o : . ::...... :..::.

¯ . . ..:,; : .’. ~,:.
The San Joaquin River Tributaries Association (SJTAi filedsuit challenging the 1995 WQCP,
and proposed a settlement together with other water.interests (SJTA et al. 1996). The U.S. ¯.
Environmental Protection Agency (EPA) and others are developing studies to reduce uncertainty.
noted in the proposed settlement.                ...                    .....-,.     ¯

The proposedaction is intended to provide greatd) protection to fish than afforded by the
........ regulatory documents noted above.

° -~.. Fish sp.~ci.e_’s~ali.d:life stages benefited:

¯ juvenile fall-run chinook salmon
¯ .,-juvenile steelhead
¯ juvenile striped bass
¯ juvenile American shad
¯ adult white and green sturgeon
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Delta Action 1

¯ juvenile delta smelt and other resident fishes

Supporting data: We present data to support the proposed action from various sources. Three
categories of data are present here: 1) survival indices of juvenile chinook salmon.deriv.ed from
studies using smolts marked with coded-wire-tags (CWT), 2) stock and recruitmentrelationships
relative t.o environmental conditions, and 3) timing of smolt emigration from the San Joaquin
River tributaries and through the Delta.

Survival in’dices--The US1z WS has calculated survival indices of CWT jt~;~nile ehir~ooksalmon
in the San 3"oaquiri Delta since early in the last decade (Table 1; see USFWS 1987, 1992; and
SSJEFRO data files). The studies have investigated survival offish released from various
locations to Chipps Island, effects of a barrier at the head of Old River on fish survival, mad
differential survival offish from the Merced Fish Facility and F~ather River Hatc.hery. Data
from the studies were also used to develop a San ,~oaquin salmon smolt survival model (-Brandes.
1994).

:

Most data generated by the studies have been highly variable and open to multiple ...    "
interpretations.’ We believe some of the data provide suEicien~ informatioli for biglc~gistS to ’-
develop manag~mgnt recommendations for improving protection0f aquat(e resources. All.
recommendations are considered in the context of adaptive management, "            .. ¯ : : ~ -

.~., , : .~.:’,.,.,.’-., , ,....~ -.’.    . : .:..:,:..":~ , .:.’. ,,

Flow at Stockton has generally b~en correlaied to survival ifl~ices of CWT Sln01tS relehs~d at

Dos Reis between 1982, 1985 to 1991 (USFWS, 1992), although in re~ent Ye~s that .re.l.a.f!gnship.
has appeared to break-down (Figure 1). :We believe the r.,e!ati0nship ~~ still present, based ~n ..
other evidence, but is masked by 6bmbining smolts of Feather River stock with those from
Merced River stock. The ~roups released since 1990 l~ave been from Feathe~ River Stock~
whereas those released prior to 1989 we~ all from Merced River stock~:

In 1995, undervek’y high flOWS (20,000. 25,000 cfs); the avera~e~t~-vivai index f~rsmolt~ :
relea:s, ed, at Dos Reis was 0.23, much less than would have been estimated using oilr previous
relations~li’p between survival and flow. Exper.iments performed in 1996 indicated that smolts
released at Dos Reis from Merced River stock stawived 5 times greater (0.10 versus 0.02) than
those released at the same time and plac.e using Feather River smolts. If we assume that this is a
true difference in survival and had Merced River smolts been released in 1995, their expected
survival iiadex would have been over 100 percent. The relation between survival offish released

...... at Dos Reis and flow-at-Stockton data...__d..[.ff.e..,.r.e,d__fqr;Os .h...,fro_~ .t.h.e.F. eather and Merced rivers
., -..~. i ..:.~’..~(Fi~ures ~ and.B)s::Stt~iv...al.!_..W.~ :.9,.~ti~g~.’O:eat~in. ’.-.t 9,9_.5~ ~.-..--flO, ws of 20,000 - 25,090 cfs than in
.- .’- ’..-~ ’,,’,-:..! 99.6~mhen.flb-W. ~ ranged bet_~e.exL,.6+Qff....~dZl~2~)_O_0z£oxL~t_s 0riginating from Feather River

(Fall 1996 IEP Newsletter, in press).

Stock and recruitment relationships--Annual escapement estimates for chinook salmon (i.e., the
number of 2- and 3-year-old fis!x that return to spawn) have been made by the CDFG for San
J’gaquin River’tributaries. The CDFG used these data and spring flows of tributaries and the San
Joaquin River at Vemalis when three-year-old fish were emigrating a~ smolts, to perform

2
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Delta Actiott 1

regression analyses (CDFG 1987, 1992). The analyses indicat’~d significant (~<0.05) positive
correlations between spring flow in the tributaries and at Vernalis and escapement of fish 2.5
years later (Figures 4, 5, and 6), Moreover, analyses conducted before state and federal water
projects began operation resulted in regression equations for the Stanislaus and Tuolumne rivers
with greater slopes and intercepts than equations calculated for the periods after operations,’
ind!cating negative effects of water export on salmon survival.

T̄he ratio of Vernalis flow to water export has been suggested as’a factor influencing salmon
escapement in ~e San ,loaquin River basin, primarily by affecting smolt survival during the peal~
emigration period, e.g., the AFRP Working Paper (USFWS 1995b). The USFWS performed a
regression analysis to describe the relation between adult escapement (3-year-old fish) and VFER
during 15 April to 15 May the year fish were smolts (Figure 7). The resulting regression
equation was significant (p<0.01) and VFER accounted for 40% of the variande in escapement.

To better understand factors affecting chinook salmon in the San J’oaquin River basin, Carl
Mesick Consultants (CMC 1994, 1995, 1996) performed correlation analyses onexisting data to
investigate relations among streamtlow, exports, VFER, water temperature, stock size
(escapement of 3-year-old fish), ocean harvest, water quality, ocean conditions, and recruitment.
of chinook salmon cohorts .(co .mbined number of 2- an_d. 3-year-old fish returning inl.5 and 2.5
years).     ... ~.:., ::. ..... -:.-~? ...... : .. ’~ ’:.:.:, ": ~."~ ..:"’-.~

-. ., -.-, : :. , .... ... ,.. :;..: ,:": : , !

Each report offered further refinements to the analyses, especially concerning discrimination¯
between cohorts. All reports analyzed data from the Stanislaus and Tuolumne rivers separately,
and differed from earlier analyses conducted by the CDFG (CDFG 1987, 1992) by accounting
for differences in age .structure offish in escapement estimates. Data were analyzed for various
time. periods within the years !951-1989, depending’ on data availability, and the latter two
repo..rts (CMC 1995, 1996) developed stock and recruitment relationships, and presented time-
series pgpulation models to predict recruitment relative to potentialrestoratiofi~ctiviti~.

Overall, the analy.ses indicated that three variable accounted for most of the variance in -
recruitment of chinook salmon in the Stanislaus and Tuolurrme rivers..The variables were
VFER, ext4".emely low tributary flows during smolt emigration; and stock lev+ls below. 1,000 fish.
For e.x, grnple, VFER was typically m6st closely associated with recruitment., f0r:_Ai~ril, May, find
Juneof ~ilI years of record (1951-1989; CMC 1994), VFER alone accounted for ¢70% of the
variance in recruitment for the San Jo.aquin River, and >50% of the variance in the Stanislaus and.

...... :Tuol .ugme rivers,: The tater.reports arialyzed data set.s truncated at 1960 and reaffirmed
::,-~J:,easgo ciations, i.ndiizati~.d:...earli.er:;-..:__O.~_er,. 80%: off the varianq~.ifi’-~:et~t’q.itin~hl~:was explained by VFER

..... ¯ ..:...~....:nwhe~a.st’~c~fa~g~d...~m:...~;~0.~t~9.;~.~sh~f~r-~Ft.~‘.~t~is~I~s?.Ri~m.d. 1,000 to 7,000 fish for
the Tuolumne river.,, Furt. hermore, recruitment appeared to be a nonlineai" function of spring
VFER, and can be illustrated by holding stock constant (Figures 8 and 9).

Because the proposed action applies only to a 30-day period in April and May and the predictive
equations devhloped by CMC (1994, 1995, 1996) were derived for April through June, we expect
that, if the equations are correct, implementing the action would result in recruitment lower than.
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Delta Action 1

predicted. However, because the 30-d period encompasses the period of peak smolt emigration
(see below), we believe that the action would improve smolt survival and recruitment. The
action would als0 provide an opportunity to evaluate the response of chinook salmon to habitat
conditions and project operations, and can be integrated with proposed investigations.

Migration timing--The 30-day period between 15 April and I5 May was identified in the
Framework Agreement as the time period for export curtailments to allow juvenile salmon to-
benefit from a pulse flow. Since 1988, the CDFG has observed an annual peakmigration of
smolts into the Delta between 23 April .and 7 May, based on sampling with Kodiak trawls during
early April to late June (Figure 10; W. Loudermilk, CDFG, personal communication). In most
years between 1988 to 1993, 75% of all juvenile salmon were collected by 15 May(for details,
see CDFG 1988, 1989, 1990, 1991, 1992).

Monitoring and evaluation needs: The USFWS and U.S. Bureau 0fReelamation are working
in conjunction with IEP agencies, the San 3"oaquin Tributary group and the California Urban
Water Association to determine whether the proposed action should be modified and how best to
evaluate the action. Also, the It~P real-time monitoring program and sampling conducted in the.
spring at Mossdale will provide information to assist in evaluating the proposed adtion..      -
Additional data from CWT fish harvested in the ocean will be used.

Brandes, P. 1994.. +The development ofa r.efined San 3oaquin delta salmon smolt model, draft.
U.S. Fish and Wildlife Servi.ce, Sacramento-San ~loaquin Estuary Fishery ReSource"

California Dep .armaent ofFish and Game. 1987. The status of San ffoaquin drainage chinook "
salmon stocks, habitat conditions and natural production factors. CDFG Exhibit 15 ’~- :-
prepared for the State Water Resources Control Board Bay-Delta Hearing Proceedings,.
September 1987. Sacramento, California.              "          ¯ ::

Califoiaxia Department offish and Game. 1988. Job Performance Report.

California Department offish and Game. 1989. Job Performance Report.

~...~.... i" :.:i..,;,(3..alifomia D~p’ffrtmenl~.Og.F.ish and.,G~,--t 1.990. Job Performance Report.

" ¯ ""-:--"" Cali f6rhia D epai-tment of Fish a~d Gam~-i::-l~991. Job P~rformance Report.

California Department of Fish and Game. 1992. Interim actions to reasonably protect San
Joaquin fall-run chinook salmon. CDFG Exhibit 25 prepared for the water rights phase
of the State Water Resources Control Board Bay-Delta Hearing Proceedings, beginning
22 June 1992, Sacramento, California.
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Delta Action I

Carl Mesick Consultants. 1994. The effects ofminimum’strea’mflow, water quality, Delta
exports, ocean harvest, and El Nino conditions on fall-run chinook sahnon escapement in
the San Joaquin drainage from 1961 to 1989. Prepared for the Stanislaus River Council.

Carl Mesick Consultants. 1995. A reanalysis of the effects of minimum flow requirements,
re.lease temperatures, Delta exports, and stock on fall-run chinook salmon production in
the Stanislaus and Tuolumne rivers. Prepared for Thomas R. Payne & Associates and
Neumiller & Beardslee.                 ..

Carl Mesick Consultants. 1996. The effects of minimum flow requirements, release ¯
temperatures, Delta exports, and stock on fall-run chinook salmon production in the
Stanislaus and Tuolumne rivers., Prepared for Thomas R. Payne & Associates, Neumiller
& Beardslee, and Stockton East Water District.                            . ¯

San loaquin Tributaries Association, Friant Water Users Authority, San Joaquin River Exchange
Contractors Water Authority, City and County of San Francisco, and SWP/CVP Export
Iq,terests. 1996. Hydrological and biological explanation of the letter of intent among

., export interests and San Joaquin River interests to resolve San Joaquin River issues
related to protection of Bay-Delta env.ironmental Resources.. May 7~ 1996.., ..

,.-. ~’...:: ~ "’:.~,~.":. -.... : . . ,.- .." .’. ",.,i .. "
State Water Resources Control Board. 1995. Water quality control plan for the San F~ancisco

13ay/Sacramento-San Joaquin Delta estuary. 95-1WR, May 1995, Sacramento. -

U. S. Fish and Wildlife Service.. 1987. Exhibit 31. The needs of chinook salmon,
Oncorhynchus tshawyt, s.cha in the Sacy .amento-San Joaquin Estuary. Entered by the U.S.

--, Fish and ,Wildlife Sen, ice for the State Water Resources Control Board 1987 water
., .. quality/w;aiter rights prgceeding on the Sari Francisco Bay/Sacramento-San Joaquin delta.

SSJEFRO, ~tockton, California. -~ . : . ~

U.S. Fish and Wildlife Service. 1989. Abundance and survival of juvenile chinook salmon in
the Sacramento-San Joaquin estuary. 1989 Annual Progress Report. SSJEFRO, "
Stockton, California.

U.S. FNI’rand Wildlife Service. 1990. Abundance and survival of juvenile chino6k salmon in
the Sacramento-San Joaquin estuary. 1990 Annual Progress Report. SSJEFRO,

¯Stockton, California.

-.~-;~,:U:S,’Fisfi~and:,Wildlife.Service::.199_1;-.!~" ,Abundhnc~Sand.~.uryS_v_al_of.juvenile chinook salmon inz

the Sacramento-San Joaquin estuary.. 1990 Annual Progress Report. SSJEFRO,
Stockton, California.

U.S. Fish and Wildlife Service. 1992a.Abundance and survival of juvenile cfiinook salmon in
the Sacramento-San Joaquin estuary. 1991 Annual Progress Report. SSJEFRO,
Stockton, California.
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U.S. Fish and Wildlife Service. 1992b. Exhibit 7. Measures to improve the protection of
chinook salmon in the Sacramento/San Joaquin River Delta. Expert testimony of United
States Fish and Wildlife Service on chinook salmon technical inf0nnation for State Water
Resources Control Bo~d water rights phase of the Bay/Delta Estuary Proceedings, July

U.S. Fish and Wildlife Service. 1993. Abundance and survival ofjuvenile chinook salmon in
the Sacrainento-San Joaquin estuary. 1992 Annual Progress Report. SSJEFRO,
Stockton, California.                               :

U.S. Fish and Wildlife Service: 1994. Abundance and survival ofjm)enile chinook salmon in
the Sacramento-San Joaquin estuary. 1993 Annual Progress Report. SSJEFRO,
Stockton, California.

U.S. Fish and Wildlife Service. 1995a. Memorandum from Field Supervisor, U.S. Fish and
Wildlife Service, Ecological Services, to Regional Director, U.S. Bureau of Reclamation.
Formal consultation and conference of effe.cts, of Ion.g-term operation of the Central
Valley Project and S~ate water Project on the threatened delta smelt, delta smelt critical

¯ habitat, and proposed threatened Sacramento splittail.~-Memorandum 1-1-94-F-70; 6
March, Sacramento,California.                  --     "

U.S. Fish and Wildlife Service. 1995b. Worki6g paper on restoration needs: habitat restoration
actions to double na .tpxal production of anadromous fish in the Central Valley, Of
California. volume 3. May 9, 1995. Prepared for the U.S. Fish andWildlife S~rvice
under the direction of the Anadromous Fish Restoration Program cor~ Groui~i:St0ekton,
California                                   ~       - :      ’ "    .-

-..... :.’ :." :~.’,

~ ,. ¯ ":.-: -
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Table 1. Chinook salmon smolt survival indices and associa[ed Della hydrology features for two different slocks of fish,
Feather River and Merced rivers, for different years within the time period 1982 through 1996.

Flow (cfs) Flow (cfs) Vernalis flow to
O_a_Le ¯ ~r.J..gJ8 aLS.tg£,.k[~ at Vernali~ Exp__oj::[8_~c_[~ ~..Z4)ort ratior] Survival Index

Apdl 2, 1989 ¯ Feather 112 2274 10297 0.22 .. 0.14
April 16, 1990 Feather 0 1290 9549 0.14 0.04
May 2, 1990 Feather 490 1665 2461 0.68 ’ -- 0.04
April 5, 1991 Feather 60 676 5153 0.13 0.16
April 17,1945 Feather 7345 18479 3743 4.94 .. 0.15
May 5, 1995 Feather 8940 22353 3911 5.72 ¯ 0.39
May 17, 1995 Feather 9253 23262 4525 5.14 "0.16
May 1, 1996 Feather 2375 6269 1500 ..’ i 4.18 0.02
May 9, 1996 Feather 2715 7206 2200 3.28 0
May 16, 1996 Feather 3702 10443 7000 ..’.: 1.49 ’ " 0.
April 23, 1982 Merced 7861 19233 5598 3.44 ~~_. 0;7,
April 30, 1985 Merced 513 2597 6311 0.41 " 0.59
May 29, 1986 Merced 2514 7215 5386 1.34 !:"-0.34
April 27, 1987 Mercer 471 2386 6093 0.39 , ’-.’.’ .- 0.38
May 2, 1989 Merced 790 2289 2470 : .0.93 " ~-; " 0.1~,
May 1, 1996 Merced 2375 6269 1500 :.4.18 .. "; 0.1
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Smolt
Survival                                                  ¯0.4
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Figure 1" Survival indices for smoits released at Dos Reis between 1982, 1985-1987
1989 - 1991 and 1995. Diamonds represent smolts from Merced River Fish Facility.
All others are from Feather River Hatchery. Stars represent data from 1995 (Feather River smolts).
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~ F’ig~rc 4, ].l, cl~liol; ship ol’Im~:l ¢r :~i:,~,incnt in the San Joaquin drahmg¢ and Vclnalis
bCforc (upper) and all¢.~" (lower) ~I~ existing .~Jlrl~ Waler project in tl~c smHh Della
and major siorago increases in II~¢ San Joaquin d[ainag¢ (sourc¢: CDFG 1987,
17,xhibit 15, The slalus of San Joaquin drainag~ chinook salmon ~Iocks, habilal
conditions and natural production factors).
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Fi~.urc 5. Relationships ofTuolumz~c Rivcr cscnpcmcnt to sl;s’i~8 flow~ prioz" �o DclCa \vatcr
d~vclopmcnls (top), aflcr CVP dcvclol)mcnt in |he ch’ainagc m~d af’icr tho SWP
and additional stoi’aSc dcvcIopmcnt in the drailm~.c (bot[om) (sou~’ce; CDFG
1987, ~xhibit IS, The status of Sm~ Jo~quin draimlgc chinook s~Imon stocks,
habitat condilions and natural production factors).



Figure 6. Rclationships ol+Slat+ilaus F~i\,cr c, scapcmcnt to ~pdng flows bcl~+re. (upper) and
after (lower) Ihe existing Slale Waler Prqiecl in fl~e soufl~ 13cl~a and m~ior storage
enlargements in the San .h~aquin drainage (source; CI)I:G 1987, Exhibil 15, The
status of San Joaquin drainage chinook salmon stocks, habitat ctmditiot~s and

. natural production factors).
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Spawning Fail-run Chinook Salmon during 1969-1989 "
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Figure 7. Numbers of naturally-spawning chinook salmon versus Vcmalis flow to Delta export ratio when fish emigrated, 1959-
1989. Salmon numbers (adults only) were after Mills and Fisher (I 994). Vemalis flow to export ratio was calculated
from DAYFLOW (CDWR data base).
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Delta Actiott 2

Delta Action 2: Continue to evaluate a temporary rock barrier at the head ofiOld River to
improve conditions for chinook salmon migration and survival during the April 15-May 15, or
other 30 day pulse period, consistent with the Corps of Engineers Permit to the Department of
Water Resources and Fish and Wildlife Service’s Biological Opinion on delta smelt..

Description: The proposed action consists of constructing a temporary rock barrier at the head
of Old River and operating the barrier during the spring when juvenile chinook salmon are
emigrating from, the San Joaquin River.

Background: As the San Joaquin River er~ters the Delta, its flow bifurcates at the head of Old
River. When CVP and SWP export facilities, which are located in Old River, are not operating,:
about 60% of the total San Joaquin River flow at Vemalis enters the Old River channel,
(Morhardt et al. 1995), However, during export operations, flow in Old River can exceed total ..
flow in the San Joaquin River at Vemalis and cause reverse flows in the San Joaquin River arid...
other channels in the south Delta. Fish entering Old River, which have been assumed to be.
proportional to flow at the bifurcation, are exposed to possible entrainment at the facilities and
incur potentially high mortality due to high water temperature and predators inhabiting the area..
near the facilities, Clifton Court Forebay, and other south Delta channels, To reduce the number
ofjuveni!e chinook salmon that enter Old River during emigration, a barrierat the head of Old
River has been proposed. The barrier has been identified as a potential management tool in the
SWRCB 1995 Water Quality Control Plan (WQCP; sWRCB 1995), the Environmental - :: ....: ¯
Protection Agency’s (EPA) review of the 1995 Water Quality Control Plan (WQCP), and the
Central Valley Project Improvement Act. The barrier has also been investigated by, the. -,. ’ -
California Department offish and Game (CDFG) as possible mitigation for the Soui.h. Delta:., "
Temporary Barriers Project’s agricultural flow control barriers and is a proposed permanent ::,~.
structure in the Interim South Delta project. -    . ~-~-....~. :    ,<    ..- ¯ , .... ~". .. ,.:. ¯ :-

-...:. ... -
o :.., _.. :~.: ~:.    ,.....:", ..,.,., .- ;.-.-....’.., o)!. . .: .

~’ish species andlife.stages benefited::~ .! ...-... ~ .... , ~.. - ’ ,- ~ . -~ ~,-.

¯ juvenile chinook salmon in the San Joaquin River ~..-: ~-" ;: ....°-
¯ juvenile steelhead in the San Joaquin River :~".

Sup!m_r..ting data: We present data to support the proposed action primarily from studies. ¯ ¯
conducted by the Sacr.amento.-San Joaquin Estuary Fishery Resource Office (ssJEFRO) since
1985 (see USFWS 1987, 1989, 1990, 1991, 1992, 1993, 1994; and SSJEFRO data files). The..

............. .’- data are.also sums_ .gized. in draft-issue pape.rs by th_e.C., ali.fomia Departrg. ent Of Fish and Game
¯ ""--"- ::’..? ~d~:’.~-..q~(;DF.C¢iI99,5)~fai6a:tti~¯ rd, sv ~is.h~_fizI’?.Wildlifo.SeNi~ze:(.NS.F.:WS’-. t99.5)~. The categories of data..

..::-,::,~~.i~reseffted~are’£-.l)2d6miSatis6fls Of s .u~. ival;ind~e’es.b~i-w~n_.~juv.ehi!.e, cl~i.nook salmon released in
Old River and the San.Joaquin River at Dos Reis, just downstream from the Old River
bifurcation; 2) comparisdns of survival indices between juvenile chinook salmon released when
the bm"rier was and was not in operation; and.3) nmnber of marked juvenile chinook salmon
recovered at CVP and SWP fish salvage facilities when the barrier was and was not in oper.ation.

1
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Delta Action 2

Comparisons of survival indices between Old River and San Joaquin River--From 1985 to 1990,
the U.S. Fish and Wildlife Service (USFWS) calculated survival indices for juvenile chinook
salmon released in" Old River and in the San Joaquin River at Dos Reis, downstream of the Old ’
River bifurcation. All fish were marked with coded-wire-tags (CWT) and released at each
location, generally both groups within a two day period. The number of CWT fish collected
Chipps Island was used to calculate survival indices from the release location to Chipps Island:

The survival indeX< for fish released at Dos Reis was greater than the index of fish released in Old
River for six of the seven studies (Table 1). For the seven studies, the mean survival index for
fish released at Dos Reis was 0.24 (range 0.04-0.59) and the mean survival index for fish
released in Old River was 0.16 (range 0.01-0.62). Thus, the mean survival index from DOS Reis-
to Chipps Island was almost 50% greater than the mean survival index from Old River to Chipps
Island.                                                     ’    :            : .. ’

The difference in the mean survival indices of fish rel~ased at both locations may actuall~, be
greater because indices for fish released at Dos Reis may be underestimated. Some fish released
at Dos Reis appdrenfly moved upstream 0fthe Old River split, and were coll~cted at Mossdale-:.
(W. Loudermilk, CDFG, personal communication). Fish moving upstream may have th~n " "
entered Old River as they moved downstream.    : ... ¯ ... -.- 5... ¯ ..... " " :~:~

¯ .- . .: "~ :." ’, . _ .... ." .
.. :. ~... .:~’..’ =".’ :~"’_"::-

It should also be noted that the survival indices likely overestimate the benefits of a barrier"iat any
one export rate. ,..Tiffs is due to increased movemefit of water toward the CVP and SWP facilities
from the lower Old and Middle rivers and other south Deltachannels that occurs whSn a b~rier
is operated. When the barrier is not operated, fish released at Dos Reis are exposed to differ flow
dynamics. Thus, we assume that improvements in fish survival due to a barrier at Old Riwr Will
be dependent on export levels and flow in the San ~oaquin River. See discussion of data for "
action 1.concerning the relation between chinook salmon Survival and escapement relativ~ to
flOW and exports.                                         ::,~., " ,.:~- -::: "~- ~.- ..:: ", ,:    =::-:: -,’-.

Comparisons of survival indices between juvenile chinook, salmon released when .�he barrier was
and waS"r~bt in operation--Studies to compare survival indices between juvenile chinook salmon
released whenthe a barrier atOld River was and was not in operation were made in 1992 and
1994." In both years, CWT fish were tel.eased at Mossdale, upstream of the Old River bifurcation,
and collected at Chipps Island. Fish were released before and after a barrier at Old River was
constructed.

~.-I-~ :~.::~ :: ~‘~Five:grbu~.~‘.~f~.fish..wef8~re~as~d;~in:.~993.;.~a>.bef~.re‘’th~ba~-ier~’~nstru~ted and three after
the harner~wa~.~.~.~na~‘.~-T.he-mean;sur~-~a~:..~.n.’-d--ex..:.‘w..~..-.~-:5~f~r’the period before the barrier

--" ’ ";~as constructed and 0.04 afterthe, barrier ~,vas’e0"nstmcted.(Table 2).L..Thes~ values were contrary
to the expected relation between fish survival and barrier operation. We believe that fish survival.
may have been influenced by water temperature. Water temperature was 63 and 64 °F during the
first two studies before the barrier was constructed and increased to 69-72°F during the studies
after the barrier was constructed.

2
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To adjust for the effects of water temperature, a correction fact’or d~veloped fdr fish released in
the Sacramento River (Kjelson and Brandes 1989, USFWS 1991) was applied to the data.. The
mean ~urvival indices of the adjusted data were 0.10 for fish released before the barrier was ..
constructed and 0.28 for fish released after the barrier was constructed. Conclusions based on
these results should be considered tentative because we are uncertain whether, the adjustment is
appropriate.                       ..

In 1994, CWT fish were released at Mossdale on four dates, one before the barrier was      ’
constructed and three afte~ the barrier was operational. Survival indices were low for all fish, 0
for those released before the barrier was constructed and 0-0.04 for those released after.the..    ..
barrierwas constructed (Table 3). Although survival indices were generally greater for fish
released after the barrier was operational than the single value for fish released before the barr!er
was constructed, we believe these data are inconclusive concerning ~he effect of the barrier on
survival indices. It should be noted that survival indices calculated for fish rele~edat other
locations in the San Joaquin River basin and the Sacramento River were relatively low in 1994
(Table 4) and that survival indices offishreleased in the San Joaquig.River basin have b.een ....
relativelb, low in recent years (see tables 1.tt}r., o.ugh 4, Table 5). ..., ...... :; ..... .. ...... .:.....

’ - ". - "°:- i:’.’...:.t." -.. -’., ¯ :.": ’ .’. ~- :’" ~.’,’.-’:" "’ ...~ ..;..’,~ .
Number of markedjuvenile chinook salnion rec~vere.d ht c. v.P and swp fis..h salyage faci!it!es.-.-: -
Numbers of CWT juveniie chiriobk salmon that were released at Mossdale and reco+ered at the.
CVP and SWP fish Salv.age facilities in 1992 and 1994.were grea...ter for .s.~, dies conducted befo.r..e.,
the barrier was constructed than those conducted after the barrier was ?perat:_ional(T~ble 5).
Recoveries before and after the barrier Was constructed differed by at least two orders of
magnitude in 1992 and at least one order of magnitude in 1994.

Relative to the low survival indices observed for CWT juvenil6 salmon released in recent years._
. (1992-1996), the number of marked fish recovered at the salvage facilities have. similarly. ~......
declined (Table 5). The decline does not appear to. be r~lated to whether the barrier was,0r was
not constructed. The recent low surTi.val indices and recovery of fish at Salvage facilit.ies suggest-
that environmental quality in the lower San Joaquin River and southe.m.Delt,a h.asideelined
relative to conditions in the earlier y.ears. 9fthis de.cade:...       " ... ~: -, ,.. . ~ ..... :.. ....

M~n!,t, oring and evaluation needs: Thevariable"results "obtained from stgdies :i.nvestigating the
relatib"n’between survival indices of juvenile chinook salmon and the barrier at the head of Old
River indicate that the barrier may improve salmon surj¢, ival. However, the high variability ¯¯ ¯

.. implies that other facto..r.~._rnay-be impdrtant,, or tha.t problems incontrolling experimental
;,,- " >’..-.~,cc~nditions,limit.dut, abil~ty.-.to~gntte~tand:,the!effeets of--ttie,barrier on smolt survival.

The vdriable results may be influencdd by differeniial ~0rtality +f stud) fish f~ the Merced
River Fish Facility and Feather River Hatchery. Studies in 1995 and 1996 indicated that survival
indices for Feather River fish were consistently lower than indices for Merced River fish.
Existing data are being used to investigate the influence study fish source on survival indices.
See Action 1 For details.
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Delta Actiott 2

Because survival indices can be relatively high when a barrier in not constructed and extremely
low when the barrier is operational, we assume that factors such as river flow, exports, and water
temperature, potentially influence the efficacy of the barrier. The proposed action will evaluate
the relation among these factors and the efficacy of the barrier in improving survival indices.

With a barrier at the head of Old River, flow toward the CVP and SWP export facilities may
increase in south Delta channels, depending on export leveis. The change in flow. dynamics in
these channels is likely to affect other species, such as delta smelt, winter-run chinook salmon,
and striped bass. Improvements afforded by the barrier to survival of chinook salmon emigrating
from the San Joaquin River needs to be evaluated relative to the effects off other species and
races, and relative to expected export levels.                               "

Some biologists believe that increase in net upstream flows in the central and s+uth Delta can
result in fish being drawn toward the export facilities, thus making the fish susceptible t6 indirect
losses such as .high temperatures, agricultural diversions, and predation.~ Losses due to these
factors cart be exacerbated by an increase in export levels..- This may explain the resul~ i:if our
studies in which few CWT fish were, captured atChipp~ Island or savage facilities whenthe
barrier was op~tiorial. Other biologist believe that a benefit 0fth~ barrier is that it reduces ’~ :~:

direct entrainment of juvenile ~hino.ok salmon emigrating from San ~Ioaquin River 5y~.l:ireye.nt’.mg"
fish from entering Old River. Tt~ prol~0sed action "~rill assist ¯in reconciling these views. ’

Citations                          - . .~ ,, .
¯"                                               ..         ¯    ,.
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Table 1. Results of studies comparing survival indices of CWTjuvenile chinook salmon from
Dos Reis and Old River to Chipps Island.

Release at Dos Reis Release at Old River

Date survival index date " survival index

30 April 1985 0.59 29 April 1985 0.62

29 May 1986 0.34 30 May 1986 ’ ~., 0.20

27 April 1987 0.38~ 27 April 1987 0.1.6 "

20 April 1989 .~. 0,I4 21 April,1989 0.09.

2 May 1089 0.14 3 May 1989 " 0.05

16 April 1990 0.04 17 April 1990 0.02

2May 1990. 0.04 -. 13 May 1990 . ....::::... 0.0!. ....

Mean    :. 0.24. ,.. : ~ ......,--.-.. 0.16
, ., .’- - 5 : ,, :.".-’..’~

aOriginal survival estimate (0.82) was modified based on the ratio of ocean recovery rates
between ffie Dos Reis and Old Ri~ver releases.        .            .:. - ,~.. : .~..:..... .~.
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Table 2. Results of studies comparing survival indices of CWTjuvenile chinook salmon from
Mossdale to Chipps Island before and after the barrier at Old River was constructed in 1992.

water temperature
Date (°F) survival adjusted survival"

before barrier was constructed.

7 April 1992 64 0.17 0.13

13 April 1992 63 0.12 0.07

Mean -- 0.15 0.10

after barrier was constructed

24 April 1992 69 0.08 0.25

4 May 1992 71 0.01 0.28

12 May 1992 72 0.02 0.32

Mean -- 0.04 0.28 ~ " " "

~Values were adjusted by a correction factor developed for fish released in the Sacramento River.
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Table 3. Results of studies comparing survival indices of CWT juvenile chinook salmon from
Mossdale to Chipps Island befor~ and after the barrier at Old River was constructed in 1994.

water temperature
Date (°F) survival

before barrier was constructed

11 April 1994 " 63 0

after barrier was constructed
:.

26 April 1994 60 0.04

2 May 1994 66 .0

9May 1994 68 ..... 0.02 ......- " "

Mean - 0.02

g

C--043435
C-043435



Table 4. 1994 chinook salmon smolt survival indices for fish released at sited other than Mossdale.
No values for survival indices indicates that no fish were recovered.

Combined fish
Release Release Water recoveries at the
l.o~atlo_a .d.a~ te.rnpe.~atu~e_(FJ Su mi.v.a.l.i.~d.e.x C V. Pan.d_,S_k,’~

Ryde April 12 62.5 .0.20 0
Georgian Slodgh April 12 62 0,06 0
Jersy Point April 13 64 0.19 " : " " 16
Ryde April 25 62 0.18 0
Georgian Slough Apdi 25 62 0.11 0
Jersy Point April 27 63 0.28 : 0
Miller Park May 3 67 0.07 0
Miller Park May 24 67 ..
Lower Old River April 11 62 .94
Lower Old River Apd126 : 62 . 84
Mossdale Apdl 11 63 752
Mossdale April 26 60 - 0.04 , 0
Moss’dale May 2 66 36
Mossdale May 9 68 0.02 13

New Hope Landing May 23 67 ... 0.16 .. 0
New Hope Landing May 23 67 0.18 0
combined group survival "’ :" 0.17 ..

New Hope Landing May 10 68 0.09 " 12
New Hope Landing May 10 68 0.12 " 31 -
combined group survival 0.11

Merced Hatchery April 22 not available 0.04 27
Merced Hatchery April 22 not available 0.04 . -. 49
Merced Hatchery Apd122 not available 0.08 . 28
Merced Hatchery - April 22 not available 0.04 .- " 24

combined group survival 0.05

Lower Merced April 22 not available 26
LOwer Merced Apd122 not available 0.07 : . 54
Lower Merced April 2~ not available ,~ -. 80
.G~o.m.bined group survival 0.07 ..

Upper Tuo--iumne April 23 not available 0.07 ..                   19
UpperTuolumne April 23 " . not availal~le 0.03 24
Upper Tuolumne..-~.-,: .-~.- April 23 not available .. 4

¯ .: .........~. combined group ~urvival .... .’, :~::.- 0.03
.f

LoUver Tuolumne April 24 not available 0.37 48
Lower Tu~lumne .April 24 not available 0.37 ... 38
c.ombined group survival ,0.37
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Table 5. Water temperature, survival index from Mossdale to Chipps Island, and recovery of
CWT fish at CVP and SWP facilities during 1992-1996. Survival indices adjusted for
temperature are given in parentheses (see text for explanation). Each release group consisted of
about 50,000 fish.

w~’ter temperature "                    recovery at CVP and
Date (°F) survival SWP facilities"

7 April 1992b 64 0.17(0.13) 5451

13 April 1992b 63 ... 0.12(0.07) 3491

24 April 1992 69 0.08(0.25) 56

4 May 1992 71 0.01(0.28) 36

12 May !992 72 : 0.02(0.32) 6

6 April 1993 63 0.04 .. I332

28 April 1993 64 0.07 ~.~ 1106

4 May 1993 61 0.07 " ’~ ¯1033 " ".,":

12 May 1993 65 0.07 1445

1I April 19941~ 63 0 752 " : "

26 April 1994 60 0.04 , , 0 "" ..-’’

2 May 1994 " 66 " 0 ,:. 36. " ~

9May 1994 68 0.02 0 " "

17 April 1995° 57 0.22 2768

5 May:l.995° 62 O. 12 "" 1933

17 M.ay 1995c 63 0.07 1580

15 April 1996c 60 0.02 ¯ 99

30 April?~ 1996~ 64 0.01 134
-Z;,~-~.:-.~.-:-~All-i:eeoyeries,.are:.exp’anded values except those for 1996. ..............

bBarrier operational.
......... .-,’.::CData-are fi~omtwo release grot~ps,’~tLrvival iiatte’x i~ ffiriefisff g_ii~tgiilvageredbvery is a total of the

two groups.
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Delta Action 3: This action wa’s not ready for inclusion here af:the time of prin. ting, but will be
provided separately when available.
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Delta Action 4: Maintain at least 13,000 cubic feet per secon~l (cfs) in the Sdcramento River at
the I Street Bridge during May to improve transport of eggs and larval striped bass and other
anadromous fish, and to reduce egg settling and mortality at low flows. Provide 9,000 cfs at
Knights Landing during May.

Description: This action calls for daily minimum flows in the Sacramento River of 13,000 cfs
and 9,000 cfs at the I Street Bridge and Knights Landing, respectively, to imp.rove survival of . ¯
striped bass eggs. and larvae and to improve downstream transport of all anadromous fish. . . ’

Background: Key involved parties include state and federal resource regulatoryagencieb,’ " ’
affected water interests, and environmental interests. This proposed action has its foundation in
results from long-term monitoring of young striped bass in the Sacramento River. The - :
relationshipbetween an index of survival of Sacramento River ~pawning cohorts and Sacramentb’
River flow at Sacramento indicates that survival between the egg and 6ram larvae stage is low in ’
the Sacramento River when Sacrarn[nto River flows are low, whereas at higher flows (>13,000
cfs) the survival index has been demonstratdd to increase in some years. Greatertransport flow
associated with this standard will also benefit other downstream migrating anadromous fishes..
The following is a summary of some of the pertinent biological information to suppgrt the daily~
minimum flow criteria for the Sacramento River.of 13,000 cfs at Sacramento, and 9,000 cfs at
Knights Landing above the Feather River c6rffluence.-"- " -, -     - ’ "’: ...... ¯ .

: . . :", .... ’5 :: ...

Fish species and lif6sta’ges bdnefited:. Striped bass,Ame, ricaiishad: w..hiie and"green:sturg~oii
egg and larval life stages,, and spring and fall Chinook salmon, and steelhead juveniles are the :.
primarybeneficiaries of th~se minimum flowr~quirements in the Sacramento River during May.

Supporting data: . -.
.-.-.:.." . ..:" ..~.:-’ " . -. ’ . :.:- "-:.:.? "i ¯ --"

Historical ~triped bass population trend-SApersistent d(cline in th.e juvenile Stril~ed has§
abundance since the mid to late 1960’s and adult striped ba~s abundar~cesin~d ~e e-aily l’~70’s
has been documented by the Department offish and Game (CDFG 1987; Exhibi~ 25).. The adult
striped bass population has declined from about 1.8 million to about 600,000.. The juvenile
striped bass index decreased even more, .from indices in excrss of100 in the mid,!ate I960’s to
indice~ averaging less than 20 since the late 1970’s (Figtire 1). Much ofthd suppg, rting "
inforin’~ilon for the proposed action that follows is derived frbm the ongoing annual striped bass
monitoring program and subsequent analyses and modeling efforts that have been reported. For

. more information the reader...s.hould-ref.er.to the-following sumrr~...ary documefits: CDFG 1987;
...,Exli~b~ti:2~’.-’.A., re~ex .aga. ~nat~on:ofi faetors--affectmg..’striped:,bass: abttudance in the Sacramento-S an

... i :-’g::-" ~o~iquiii:E~m_ a2-3/~ ~ffnr:IEP...T~gI~al.~ P;~po’rt.20 -&gB_74..~DEG ._Exhibit_25, Factors affecting striped
bass abundance in the Sacramento-San.Joaquin Riversystem, and the USFWS Working Paper,
1995 (also see reference ~ection).           "

Striped bass spawning--Striped bass primarily spawn in two areas: in the Sacramento River
mainly from t’he city of Sacramento to Colusa, and in the western Delta between Antioch and
Venice Island (CDFG 1987, Exhibit 25). About one-half to two-thirds of the bass spawn in the
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Sacramento River from late April into June (CDFG1992, Exhibit 2).: Survival of eggs and
larvae spawned in the Sacramento River is partially influenced by flows in the river (CDFG ’
1987, Exhibit 25).

¯ , j’, . ..:¯.," -. . , ,_.

Limitations to juvenile striped bass production and its relation to the proposed action--It has .’.
been demonstrated that when abundance of early larval life-history stages is low, abundance of..
the 38ram life stage is also 10w (Figure 2, and CDFG 1987, Exhibit 25). Thus survival of early
larvae partially e~tablishes year class strength in mid-summer, which in turn affects adult ,.: ’
recruitment (CDFG 1992, Exhibits 2 and 3). Setting a minimum daily flow requirement in the
Sacramento River will benefit egg and larvae survival. Other factors affecting system ...
productivity, such as toxicity and factors affecting increased adult s.triped bass mortality also may
warrant inve.stigation and remediation. However, this proposal specifically focuses on improving
river habitat conditions to. increase juvenile striped bass survival with the May minimum flow
criteritim and is consistent with the tools of the CVPIA and its goals for natural fish production. ¯

Relationship between the proposed action and survival of larval striped bass--Information from-
the early 1970’s to the early..1990’s documenting the relationship, between an index of survival of
eggs and larvae in the Sacramento River and flow at.S.acramento indicates that survival between
the egg and 6ram larva stage is low in the Sacramento River when .Sacramento River flows ale
low (Figure 3). Thus given a. minimum dai~ly flow requirement o.f 13,00.0 efs at Sacramento, and.
a concurrent minimum of 9,Q00.cf.s at Knights Landing, a potential for greater egg and larva ~...:- ¯
survival exists f~r fish in the Sacramento system.during some years. There are four possible
mechanisms that may contribute to this relationship.      ¯ ....... _

¯ At lower flows, eggs and larvae may settle to the flyer bottom and die when they ’ -.. ..
encounter near zero .velocity during periods, of flood.tides in tidaJly influenced reaches: -.
(CDFG 1992, E .xhibit.2).:::.~ ..... ~ .......... .:::.,.. :..--~. -....:.:.::.:.: ~.:. :. ,: .... -.

": " ’ " " " "                                                       ’,’ "’,-." :"::7 :.,..’.,..:.. "." ~: .... "..’ .’;: ’. - "’ :’~ .’." ’ ". ~.i ,~,. " : .2:.:" " ..’" 2°
¯ Slower tr .anspor~ at low flows may result in lower survival because larvae are dela~,ed

reaching, downstream ntu?sery areas where feeding conditions .are generall.y, considered to ¯
ge-more favorable (CDFG 1992, Exhibit 2; Figure 4).        ... -. ,.       ¯ . ’ ’- ".;::

¯ " When flows are low, more larvae m@. die due to longer exposures to higher . ,"
concentrations of toxic substances that may enter the river (CDFG 1992, Exhibit 2)..

... ¯ ...- _, . More ~ggs and.!arvae would, be. div.erted fi;pm the: Sacramento River through the Delta
~,.~.~....Ero.s..#~_ .g-’fi ..a~el:and~.~eorgi-~a, Slqug~(F-..xg~e 5’.~d<C-’lgEG 1992, Exhibit 2). While this~,...,,.,~ ~ 3~,.~.g,~-:’:’ ~    .... .. ~. . ~--... .,..~ ....... ~ ....

¯

,. ~-..-.~-.:.:-v.~.~,.~,_~,!.~,~....may: not:.c.ause immed~at~,r~iortality~.-.ffsNiwill:be tran~p.o.rted more rapidly to the south
. . :.--" ,~D’eltii whei~e th~i’e i~a-~,eatei" .risk of.+ntraihrndnt ~;ia export operations at th6 CVP and

the SWP pumps (CDFG 992, Exhibit 2).

The relative contribution of these potential mechanisms cannot be sorted out with the existing
data, but all ate likely to be detrimental (CDFG 1992, Exhibit 2). Thus based on these data, and
data summfirized for Action 7 relative to juvenile entrainment losses, a reasonable and prudent
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biological approach would be to establish the 13,000 cfs Sacrarhento flow stan’dard for the month
of May.

American shad, sturgeon and chinook salmon production considerations--Juvenile American
shad abundance is positively correlated with flow during the primary spawning months, April ¯
through June (USFWS, Working Paper, Volume 2, 1995; Figure 6). While this documented
relationship is based on Delta outflows, outflow is influenced by, and will sometimes positively.
co-vary with, Sacramento River inflow; so to some extent outflow is likely a surrogate for
inflow. Flow assbciated factors that may influence juvenile shad survival are likely similar to
those influencing juvenile striped bass eggs and larvae. Thus the potential neg.ative effects of
!ower flows include:.reduced survival due to egg and larva settling, greater expos~e time.s to
toxins, poor feeding conditions, and greater numbers of juveniles mov!ng to the central and south
Delta (USFWS, Working Paper, Volume 2)...                      .~

Kohlhorst et al. (1991 as cited in the uSFWS’,’Working " ’ ’’Paper, Volume 2) found a significant
positive correlation between year-class strength of white sturgeon and Sacramento River 6utflow ¯
from April to July. D.uri.ng years with high April to July flow (1982 and 1983), white sturgeon
year-class strength was greater than in ye.ars between 1975 and 19.85.wi..th.lower outflows (Figure
7). Mechanisms respon.sib!e for ine~e~ed recruitment are not .wel.1 de.freed but ~e.p~ss.ib. ly
similm: to those mentioned above for striped bass and shad.      .: 0: ..... .., ,..... ~ .:..:~. :

For chinool< salmon, correlation between Sacramento River fig,s during the smoltemigration
period and the number of adults retm-ning tg.Sacramento .River. tributaries indicate that.flow, or-
factors related to flow, .affect eiaino~k salmon sfirvival and abundance (Dettman et .aLl 987).
Likewise, mark-recapture studies of fall-rtm chinook salmon smolts demonstrated., that smolt
survival through the Delta is positively Correlated with Sacramento Rivettemperatures and
negatively correlated with the fraction of Sacramento River flow diverted in to the Delta Cross
Channel and.Georgiana Slough during the April through June emigration period CtJSF.WS 1987).
Though no significant.relationship between chinook salmon smolt survival and Sacramento
River flow has been documented, increases in river flows shouldcontribute to beneficial water"
temperatures for migrating salmon and possibly reduce the magnitude of negative effects. ...
associated with fish migration through the central and south Delta (USF.WS 1992). Thus the
potenti,.~l greater flows in May associated with the proposed May daily:minim .um:fl~ws should be
bendiN~il to chinook salmon smolts emigrating through the Sacramento Riversy’~tem during this
time. Ac6rued benefits should also be similar for migrating juvenile steelhead based on life-

_ history similarities between the two species.                                  - ¯ ’

’.,"~. . Pi’edict, ed. fish.benefits::-~..Thi~ flowi£elat~d habitai ii,~p.rQy_.errient measure, combined with
reductib~as in juvenile striped bass entrainment, and improvements in water quality will enhance
the ability of the striped bass population to recover in future years. The magnitude of striped
bass production increase relative to the proposed action is currently unknown and will vary
depending on the magnitude of flows that would otherwise be in the river. The information
reviewed also" suggests that this proposed minimum May flow target should afford survival
benefits to sturgeon, American shad, and salmon.
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USFWS. 1995. Anadromous Fish Restoration Program, worl£ing paper on re’storation needs,
habitat restoration actions to double natural production of anadromous fish in the Central
Valley of California, Volume 2.
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Figure 4. The mean concentration of crustacean zooplankton sampled in the Sacramento
River above and below Rio Vista from sampling in 1989, a "low flow" year, by .
the striped bass egg and larva survey. Stations 70 to 75 and 725 to 745 are located
above Rio Vista in the reach between Isleton and Freeport. Stations 17 to. 32 are
located in the reach.from Collinsville to Rio Vista with.station~ 32 located at Rio -
Vista. The bars represent two standard errors around the mea’rl concentrai’i’6n
(source" CDFG 1992, Exhibit 2).



SACRAMENTO RIVER FLOW AT SACRAMENTO (CFS)

Figure 5. ¯ Relationship between the ration of cross delta flow (Delta crq~s channel and
Georgiana Slough flows) to the Sacramento River for the month of May for years
1959-1990 (source: CDFG 1992, Exhibit 2).                        "" ’
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Figure 7. White sturgeon year-class index versus mean Delta outflow for April through Ju!
from 1975-1990 (source: Kohlhorst et al. 1991 ).
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Delta Action 5

Delta Action 5: Ramp (linearly) the total CVP/SWP export level from.whatever it is on 5/15 to
meet Action 1 to those export levels proposed by projects to meet the 1995 WQCP on June 1,
when juvenile salmon are present.

Description: This action is meant to overcome a quick rise in exports in late May when juvenile
salmon and other anadromous fish would continue to be vulnerable to a low inflow/export ratio.
If temperatures are high and juvenile salmon do not appear to be migrating into the Delta from
the San Joaquin basin the action would be suspended. If flow levels and permits allow a barrier
at the head of Old River to be used (Action 2), it would continue to be in place with its respective
benefits during the proposed ramping.

Background: Between April 15 and May 15, the San Joaquin inflow to CVP/SWP export ratio
per the AFRP proposed Delta action I can range from 5:1 to 3:1, depending on the water year
type. Between May 15 and May 31, exports can increase to levels greater than during the first
half of May but still meet the monthly average of 35% of Delta inflow. For example in 1996, the
1995 WQCP allowed export rates to increase from approximately 1500 cfs on May 15 to over
10,000 cfs in less than two weeks time. The extreme change and high absolute level of exports
would be detrimental to a variety of anadromous fish that are present in the central and southern
deka. Reducing export levels and increasing gradually would provide additional protection for
these by allowing a greater fraction of the fall run smolt outmigrants and possible other species to
move downstream out of the influence of the pumps.

Fish species and life stages benefited: Juvenile San Joaquin salmon are expected to benefit
from the reduction in exports between 5/15 and 5/31. Juveniles of other species such as Striped
Bass, steelhead, White and Green Sturgeon and American Shad and other resident species may
also benefit.

Supporting data: It is believed that decreasing exports for the later half of May by ramping will
benefit the San Joaquin chinook population. The exact benefit for San Joaquin smolts will be
contingent on the number of smolts migrating through the Delta and the flow and export levels
during the latter half of May.

In some years, at least part of the juvenile salmon population from the San Joaquin basin migrate
through the Delta between May 16 and May 31 (figure 1 and 2). Reductions in exports at any
one flow level are expected to increase survival of smolts migrating through the Delta (see action

....... 1),..This added protection would provide better.out_migration conditions for that portion of the
¯ .::-.:~...:~;. :i:7~ n ~a0pLtl~tibr~ migraQi~., g ~through the~Delia..d .uxing, that~.fimes P. rotectiflg a greater proportion of the

. ’ .2±"::2._total polgul.a.ti6n Wbfild.heli~:meet thegoa!s~of.th~-AFRP and assure greater genetic diversity
within the stock.

Monitoring and evaluation needs: Interagency Ecological Program (IEP) real time monitoring
(kodiak trawling) will occur at Mossdale between March 15 and June 30, seven days/week.
Daily rotary screw trapping also is proposed for the at the mouth of the Stanislaus. Both sites
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will provide data to determine if Action 5 is necessary and for how long. See discussions of
actions 1 and 2 for additional evaluations.

Citations

California Department of Fish and Game (DFG), 1995. Annual Performance Repo’rt, Federal
Aid in Sport Fish Restoration Act. Grant Agreement No: F-5 l-R-6, Project No. 38, Job
No. 4: Index and Estimate San Joaquin Drainage Salmon Smolt Production.
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Delta Action 6

Delta Action 6: Close the Delta Cross Channel (DCC) starting on November 1.

Description: The AFRP action is intended to augment the Accord by providing gate closures for
an additional three month period (November I- January 3 I).

Background: The cross channel gates have been closed between February 1 and April 30 as a
winter run protection measure since 1993. The Delta accord further extended closure of the
Delta cross channel until May 20, with provisions for potential closures between November and
January and after May 20 until June 14. The Delta Accord and 1995 WQCP call for the closure
of the Delta cross channel gates for up to a maximum of 45 days between November 1 and
January 31, to be decided by the CALFED operations group. NMFS has provided draft
guidelines on triggers for gate closures during this period. Closures are needed for flood control
when flows at Freeport are above 25,000 cfs and also have been made in the fall when water
quality impacts were negligible (fall of 1995). This action has a potential impact of lessening
water quality in the Delta below that required under the 1995 WQCP unless increases in Delta
outflow*are provided.

Fish species and life stages benefited: Fall, late fall and tributary spring yearling and winter
run fry chinook salmon may all benefit from closing the cross channel starting on November 1.
Figure 1 and 2 document the abundance of juvenile salmon between November and January
entering the Delta and within the Delta.

Supporting data: Several pieces of data based on results of mark and recapture work using
juvenile chinook salmon indicate a benefit associated with closing the cross channel gates at a
variety of lifestages. Specific data for the various lifestages follows:

Fry: Coded wire half tagged (CW1/2T) fall run salmon fry released between 1981 and 19.86,
indicate that smolts released into the Central Delta in low flow years survive at a lower rate than
those released on the mainstem Sacramento River (table 1).

Smolts: Through mark and recapture experiments, it has been found that fall run chinook salmon
smol~ .r.eleased above the cross channel gates on average survive to the western ..Delta at a greater
rate than those released below the cross channel gates. Survival is increased by ~bout 50% by
closing the cross channel gates using two independent estimates of survival (table 2). Although
critics of this result believe the data is biased from results of one group released above the

....... : opened, ct0ss channel.gates (Courtland) at._high te..mperatures, similar high temperatures were
¯ ~:,.-. ;..-~, :i ,’,-, ,,. preserit: for the paired~, below c~r6 ss chaitiael gate; release: making Yel ative comparisons generally

9alid.-,.Furthermo~e a.release into: Ste .ambo~dz Sloughog’the same day at the same high
temperature Survived at a much greater rate than those released at Courtland (USFWS, 1996).

Poor relative survival in the Central Delta versus that in the mainstem river is further confirmed
from marked smolt releases made at Courtland, Ryde and in the North and South Forks of the
Mokelumne river in 1983-1986 (USFWS, 1992) and paired releases made at Ryde and into
Georgiana Slough between 1992-1994 (table 3 and table 4).
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Yearlings: Additional experiments using marked late fall yearlings in December and January,
indicate that survival also is less for late fall juveniles released into Georgiana Slough versus
those released at Ryde. There is no indication that the larger late fall released at low
temperatures survive at a better rate in the central delta than fall run (table 3). Experiments
conducted in December of 1996, also showed high survival for yearlings released at Courtland
and Ryde with the gates closed compared to those released into Georgiana Slough (table 5).

Monitoring and evaluation needs: Kodiak or midwater trawl sampling will be conducted on
the Sacramento River near Sacramento between October and June to index juvenile salmon
immigration into the Delta. Additional.monitoring using a rotary screw trap may be done on the
Sacramento River near Knights Landing. This combined monitoring can be used to determine if
the timing of such action regarding the cross channel gate closure is warranted. Additional mark
and recapture work would be necessary to further document the benefits. It has been suggested
that the benefit of the closing the cross channel be further tested using CWT late fall or fall run
hatchery ~molts released at Coleman National Fish Hatchery. Two groups would be released,
one with the gate open and one with the gate closed and the survival index to the western Delta
(Chipps Island) compared. Both marked late fall and fall run juveniles will be released at
Sacramento to index survival through the Delta under conditions of the Delta accord, ificluding
closure of the cross channel gates.

Citations

USFWS, 1992. Measures to Improve the Protection of Chinook Salmon in the Sacramento/San
Joaquin River Delta. Expert Testimony of U.S. Fish and Wildlife Service on Chinook
Salmon Technical Information for State Water Resources Control Board Water Rights
Phase of the Bay/Delta Estuary Proceedings. July 6, 1992 WRINT-USFWS-7 .....

;,

USFWS, 1996. U.S. Government Memorandum to Lisa Holsinger (NMFS) from Pat Brandes
(USFWS) regarding Benefit of closing the cross channel gates dated July 8, 1996. ".,
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Table 1" Ocean recovery rates of coded wire halftag (CWI/2T) fry released in, the Delta at
Ryde or Islcton on the Sacramento River and in the Central Delta (Lower, North
Fork or South Fork Mokelumne River), The ratio (RydeJMokelumne) reflects the
relative difference in survival between the two areas of the Delta.

RECOVERY NORTH & SOUTH
YEAR RELEASE SITE RATE FORK MEAN RATIO

1981 Isleton 0.001013

Lower Mokelumne River 0.000506
2.0

1982 Isleton 0.000657
1.2

Lower Mokelumne River           0.000539

1983 Isleton 0.000482
0,9

Lower Mokelumne River 0.000557

1984    Ryde 0.002440

Noah Fork MokelumneRiver      0.001447                           2.1
.001156

South Fork MokelumneRiver 0.000866

1985 Ryde 0.001815

North Fork Mokelumne River 0.001506 1.2
.001503

South Fork Mokelumne River       0.001500

~ ratio
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Table 2: Indices of survival to Chipps Island ,and oce,’m recovery rates for CWT fall run
smolts released above and below the Cross Channel gates with the gates open and
closed between 1984-1989. When the below to above ratio’s (B/A) ~e compared
with the gates open versus closed an estimate of the benefit associated with
closing the Cross Channel gates is obtained.

Smolt Survival Estimates

Cross Channel 1984 0.70 0.73 1.0
Open 1985 0.34 0.77 2.3

1986 0.37 0.68 1.8
1987 0.41 0.88 2.1
1988 0.73 1.27 1.7
1988 0.02 0.34 17.0

~ 1989 0.84 1.20 1.4
1989 0.35 0.48 1.4
1989 0.22 0.16 0.7

.~ Average=3.3

Cross Channel 1983 1.22 1.39 1.1
Closed 1987 0.66 0.84 1.3

1988 0.68 0.93 1.4
1988 0.17. 0.40 2.4

Average=1.6
Ocean Recovery Rates.

Ye~        Above       Below. ...... B/A

Cross Channel 1984 .0064 .0045 .... 0.7
Open 1985 .0038 .0086 2.3

1986 .0171 .0195 1.1
1987 .0142 .0203 - - .1.4.".L .. 1988 .0091 .0248 ~.7
1988 .0007 .0053 7.6
1989. .0048 .0082 1.7
1989 .0008 .0016 2.0
1989 .0009 .0002 0.2
.̄.- A-~,~--=.~,~:~;~: ¯ Average=2.2

;~;?.,;-TCrossChann’e-t~;. .....1983~- .0044 ,":~- .0040 0.9.
Closed 1987 .0198 .0315 1.6

1988 .0111 .0204 1.8
1988 .0097 .0046 0.5

Average--1.2
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"Fable 3" Survival indices tbr smolts released at Ryde m~d Georgiana Slough
in 1994, 1993 and 1992 and the ratio of survival between the two paired
groups. Numbers in parentheses are raw recovery numbers at Chipps Island.

Ryde/Georgiana Slough
Date Ryde Georgiana Slough ratio

FALL RUN ..

4/12/94 0.198 (11) 0.054 (3) 3.7

4/25/94 0.183 (11) 0.117 (6) 1.5

4/14/93 0.41 (23) 0.13 (7) 3.2 -.

5/10/93 0.86 (43) 0.29 (15) 3.0

4/06/92 1.36 (78) 0.41 (23) 3.3

4/14/92 2.15 (97) 0.71 (41) 3.0

4/27/92 1.67 (93) 0.20(11) 8.4

LATE FALL RUN

12/2/93 1.91 (37)* 0.28 (5) 6.8

-- 12/5/94 0.57 (15)* 0.16 (4) 3.6

1/4/95 0.33 (11) 0.12 (4) ’ 2.8

1/10/96 0.66 (21) 0.17 (5) 3.9

- "+ Actual release made at Isleton, about 5 miles downstream of Ryde. "
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Table 4: Ocean recovery rates of the Ryde and Gcorgiana Slough release groups ot" 1992.
and 1993 also the ratios (Ryde: Georgiana Slough) of these ocean recovery rates.

Release Date Ryde Georgiana Slough Ryde/Georgiana
Slough Ratio

4/6/92 0.0066 0.0028 2.38

4/14/92 0.0116* 0.0045 2.26

4/27/92 0.0040 0.0006 6.67*

4/14/93 0.0092 0.0033 2.78

5/10/93 0.0204 0.0056 3.64

*The Ocean recovery Rate for the 1992 release made at Ryde is under estimated due to
the fact some (10,500) of the release was inadvertently released at Georgiana Slough by
mistake. The ratio then, is also biased low.
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Table 5: Survival indices to Chipps Island lbr late lhll run CWT yearlings released in
January of 1996.

Release Site Survival Index

Courtland .78

Ryde .66

Georgiana Slough .17
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Delta Action 7

Delta Action 7: CVP/SWP export limitation of 35% or less of Delta inflow during July Action
sub-priority: a) July 1 to July 15 and b) July 15 to July 31

Description: This action calls for State and Federal water contractors to limit Delta exports to
not more than 35% of total Delta inflow during July, extending juvenile anadromous fish
protection from potential entrainment losses at the pumps. This is a continuation of the
protective Delta export:inflow ratio of 35% already in place for February through June according
to State Water Resources Control Board (SWRCB) water quality standards and operational
constraints.

Background: Key involved parties include state and federal resource regulatory agencies,
agriculture and urban water interests, and environmental interests. The Delta habitat objective of
a 35% limitation on export:inflow ratio in July was preceded by a similar February through June
limitation that was established by the 1994 Bay-Delta Accord, and incorporated in the May, 1995
SWRCB Water Quality Control Plan. A goal of these water quality standards is to provide
interim oomprehensive ecosystem protection for the Bay/Delta system. The export:inflow
limitation proposed for the month of July is in addition to the conditions established by the Bay-
Delta Accord, with its main objective the maintenance of more favorable Delta hydrology in an
effort to reduce juvenile anadromous fish mortality associated with water exports. This habitat
objective will further contribute to the goals of the Accord, as well as contribute to the goals of
the Anadromous Fish Restoration Program (AFRP).

The following is a summary of some of the pertinent biological information and justification that
has led to the development of the July export:inflow ratio limitation to support increased survival
of juvenile striped bass and other anadromous fish.

Fish species and life sta~es benefited: Striped bass, American shad, and white’and green
sturgeon juveniles are the primary beneficiaries of maintaining the Delta export!inflow ratio a~
35% through July.                                            ~

Supporting data:

Hi’storz~’c~l striped bass population trend--Persistent declines in the juvenile stripe’d bass index
(38 mm index) since the late 1960’s and in adult abundance since the early 1970’s have been
documented by the Department of Fish and Game (CDFG. 1987; Exhibit 25). The adult striped

........ bass population declined by two thirds,in that time, to a present.population of about 600,000.
...,: .,.~,..i, ...:.. o~ ~.~.~ n:I~he-jwq, i~nileiStriped bas~. index: de~reasgd ev.en~mo/~)from; indices in excess of 100 in the mid to
:.-: :, ~: .=;~_late.:1960’s, to ig.’di.ces.av~ragi_ng lgg~.-thaii:_2.0 since the ta.t_e :197 .0’.s. (Figure 1). During this period,

combix~d Delta exports-~[ State Water: Project iS’q~P) and Federal Water Project (cvP) pumps
have continually increased (Figure 2). Much of the supporting information for the proposed
action that follows is derived from the ongoing annual striped bass monitoring program and
subsequent analyses and modeling efforts that have been reported. For more information, see the
follow.ing summary documents: CDFG 1992; Exhibit 2, A re-examination of factors affecting
striped bass abundance in the Sacramento-San Joaquin Estuary, and IEP Technical Report 20

1
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Delta Action 7

1987, CDFG Exhibit 25, Factors affecting striped bass abundance in the Sacramento-San Joaquin
River system.

Striped bass spawning--Striped bass spawn in two areas: in the Sacramento River spawning
occurs mainly from the city of Sacramento to Colusa; the San Joaquin population generally
spawns in the western Delta between Antioch and Venice Island (CDFG 1987, Exl’ffbit 25).
Most spawning in the Delta occurs from April through May, with ambient salinity conditions
playing an important role in specific location (CDFG 1992, Exhibit 2). After spawning, young
striped bass rear in the Delta and Suisun Bay. The distribution of young striped bass in their first
few months of life is largely influenced by the magnitude of outflow and Delta water exports.
Young striped bass residing in the central and south Delta are vulnerable to being entrained by
SWP and CVP pumping operations (CDFG 1987, Exhibit 2).

Production limitations--For fish abundance to decline,, productivity must decrease or mortality
must ingrease. The thesis that we predicate our July export:inflow ratio on is that recruitment of
3-year-old striped bass has continued to decline based on an increase in mortality, predominately
during the first year of life, and caused largely by increased losses of juvenile fish entrained in
water exports by the State and Federal Water Projects (CDFG 1992, Exhibit 2). Other factors
affecting system productivity, such as toxicity and increased adult striped bass mortality also
may warrant investigation and remediation. However, we propose to create improved Delta
habitat conditions in July using the tools of the CVPIA in an attempt to reduce juvenile striped
bass entrainment at the SWP and CVP pumps.

Limitations to juvenile striped bass production and its relation to the proposed actionz-To
support the hypothesis that entrainment losses of larval .and juvenile striped bass.can partially b.e
mitigated by the July export:inflow limitation, we primarily rely on informatio.nl.s.ummariZed and
presented by the CDFG in their exhibits presented to the State Water Resources Control B, 9~d,
1992.                                                             - " -

¯ Losses of young bass entrained in the water project diversions constitute a signlfican’t pdrtion
o -~Ihe population. Since 1970 annual total estimated losses of juvenile striped bass (2 l mm to
150mm) have been conservatively estimated to constitute 14% to 58% of the estimated
abundance of young bass in the Estuary depending on assumptions related to sampling
efficiencies (CDFG 1992, Exhibit 2, Page 35). The magnitude and annual trend in estimates
ofj.uvenile striped bass losses at SWP and CVP Delta pumping facilities from 1957 to 1989

:.-~0~is p"re.s.ented "_re:Figure 3....In..terms o.f year.!ing e..quiv_,_al..e.n~kp_e...a~., losses occur in July. Large -
¯ ," ",,:. ~.4..~y:. r’~m~,.-.’,logsOa.:~.ak_~,occfirin, M~y~;.Jgq~ati&,~agtks~anffa.~gn~ peak o~curs later in the year

:-.-:~.-~,~fr6f-g4gov~mber through January (Brown 1992; Figure 4).

¯ Prior to 1970, j uveniie striped abundance was closely related to the percentage inflow
diverted (Figure 5). As percent of effective inflow diverted increased striped bass abundance
decreased. This relationship explained nearly 80% of the dependent variable (juvenile striped
bass index) response. As export:inflow ratios increased above 35% the YOY index declined.

2
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While these percentages include internal Delta use, this relationship indicates that juvenile
striped bass entrainment losses would be reduced if water exports were reduced.

¯ After the SWP began pumping large amounts of water in about 1970, the abundance of
striped bass began to decline (Figure 1). This decline has persisted through the early 1990’s
and has been most distinct in the Delta, the area most affected by diversions, compared to
downstream habitats such as Suisun Bay (CDFG 1992, Exhibit 2, page 19 and Figure 6).

¯ Regression analysis suggests that during the period of 1959-1990, April through July and
May through July, outflow and water exports account for 65% and 73%, respectively, of the
variability in the fraction of the young striped bass population residing in the Delta (CDFG
1992, Exhibit 2, Table 4). Delta outflow and water export rates interact to affect the
distribution of juvenile striped bass residing in the Estuary and entrainment losses. Over a
range of flows, similar export reductions will have a greater relative benefit in drier years,
when greater proportions of juvenile striped bass reside in the Delta (Figure 7).

¯ The magnitude of estimated percentage reductions in abundance due to losses of striped bass
eggs and larvae entrained in water projects is substantial. Such losses have been estimated
(CDFG 1987, Exhibit 25, pages 70 to 78) to cause from 31% to 99% reductions in the
population before young bass reach the 20 mm stage (also see CDFG 1992, Exhibit 2, page
34). This is significant as it has been demonstrated that mid-summer juvenile striped bass
abundance, as described by the 38mm index, is at least partially determined by the abundance
of larvae. This juvenile index, and subsequent entrainment losses, in turn largely determines
subsequent recruitment of adults (CDFG 1992, Exhibits 2 and 3).

Based on these data, water exports reduce abundance of young striped bass, and if a year class
ge~s off to a poor start it reduces adult recruitment. These results are consistent with a conclusion
that more restricted July exports will provide additional protection to juvenile striped bass which
in turn will benefit adult recruitment. "                                     ’ " ~; ~c

American shad and sturgeon production considerations--Juvenile American shdd are the third
most,c..ommon fish species salvaged at the CVP and SWP pumping facilities witll thousands of
fish s~qaged annually and thousands more lost to other diversions (USFWS, Working Paper,
Volume 2, 1995). The bulk of the juvenile American shad entrainment at these facilities occurs
from July through December. However, Evaluations of screening efficiencies comparable to
studies for. striped.bass have not bee.n con, due.ted, .consequently.the proportion of entrained

~mjuv..~hil~s ;h~,not.been quantafie~t~:;ft has.been:.estimated~th~it sal.v.age American shad suffer

:̄.._---.:~.: mort~..._ity~..fa.t.e~ i_nL~.x.gess¯:gf."5Q% .in..’the..-s .ummei inonths:.and thezproposed July export limitation
would li~l~"r~edh"6-~’thisv-alii~-(USFWS; Wisi-lfffi~g Paper, Volume 2, 1995).

Larval and juvenile sturgeon are transported downstream primarily by river currents and are
susceptible to entrainment associated with water export pumping. Magnitude of these
entrainment losses and effects on population abundance are currently unknown (USFWS,
Working Paper, Volume 2, 1995).

3

C--043465
(3-043465



Delta Action 7

Benefits: The magnitude of striped bass production increase relative to the proposed action is
currently unknown but could be addressed through modeling simulations using estimates of
juvenile entrainment for various water year scenarios. Sturgeon and American shad will also
likely benefit from reduced export pumping in July. Changes in flow patterns associated with
reduced export pumping also may result in fewer young fish being transported to the south Delta
where entrainment and associated losses are great.

Monitoring and evaluation needs: Current fisheries monitoring implemented through the
Interagency Ecological Program (IEP) will document effects of the proposed action. Currently,
the striped bass monitoring efforts ass+ss both juvenile and adult population attributes and
provide valuable long-term population trend information relative to Delta and estuarine
conditions.

Summary: The loss of juvenile striped bass to July export pumping in the Delta is well
documgnted. This information suggests that providing additional protection to juvenile striped
bass from entrainment losses in July by limiting the export:inflow ratio at 35% will provide
increased survival during their first year of life. This is turn will contribute to increased adult
abundance which along with other coordinated improvements to Delta operations for the benefit
of anadromous fish, will likely allow fishery production benefits to accrue more rapidly.

Citations

Brown, R.L. 1992. Bay/Delta fish resources. WRINT DWR-30, State Water Resources Control
Board, 1992 Proceedings, Sacramento, CA.

California Department ofFish and Game. 1987. Factors affecting striped bass abundan~-~
Sacramento-San Joaquin River system. Exhibit 25, entered by the California Department
of Fish and Game for the State Water Resources Control Board 1987 water rights..
proceeding on the San Francisco and Sacramento-San Joaquin Delta.

California Department of Fish and Game. 1992. A re-examination of factors affecting Striped¯
bass abundance in the Sacramento-San Joaquin Estuary. WRINT-DFG-Exhibit 2, entered
by the California Department of Fish and Game for the State Water Resources Control

¯Board, 1992, water rights phase of the Bay-Delta estuary proceedings.

:..’.. ~ ........̄ -,’,:.’~i-.KohIKoi~’; D!.~:; D!E:.:Ste,¢ens;’ finbl’.’E.W~: Miller~l~99-2,~:m, odel for evaluating the impacts of
¯ - .................¯ .......fresh.water outflow:and export.on.sMp ".e.cl.b~.m:_. " the:S.acramento-San Joaqmn estuary.

WRINT-DFG-Exhibit 3, entered by the California Department of Fish and Game for the
State Water Resources Control Board, 1992, water rights phase of the Bay-Delta estuary
proceedings.

4

C--043466
(3-043466



Delta Action 7

USFWS. 1995. Anadromous Fish Restoration Program, working paper on restoration needs,
habitat restoration actions to double natural production of anadromous fish in the Central
Valley of California, Volume 2.
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Figure 6. Annual index of young striped bass abundance by area. There has been an unsteady but
persistent decline in young bass from the mid-1960’s to the present. Lowest abundances have
occurred in five of the last seven years presented. The most pronounced decline is in the Delta

, but it is also clearly visible in Suisun Bay despite greater year to year fluctuations there. No
’sampling was conducted in 1966, and in 1983 the index was omitted because extrcmely high
flows moved fish downstream of the area efficiently sampled by the tow-net survey (source:

CDFG 1992, Exhibit 2).
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Figure 7. The proportion of striped bass 38-mm index located in the Delta in relation to the -,.-
¯ mean April through July Delta outflow for two different time periods: from 1959-

1969 and from 1970-1990 (source: CDFG 1992, Exhibit 2).



Delta Action 8

Delta Action 8: Establish conditions for a CWT late fall mn juvenile survival experiment in
Dec’97/Jan ’98 at exports of 65 and 35% of Delta inflow, respectively.

Description: This action would entail manipulating CVP and SWP exports and potentially flow
at Sacramento to meet the desired export/inflow ratios for testing. This action was proposed to
estimate the value of the lower export/inflow (E/I) ratio (35%) to survival of juvenile salmon
migrating through the Delta between November and January.

Background: The experiment planned for the winter of 97-98 would be the second of three
annual experiments designed to determine if survival to Chipps Island is greater for CWT late
fall yearlings released at Sacramento during the low export/inflow ratio period than for those
released during the higher export/inflow ratio period. To broaden the objectives of the study,
releases made as part of this experiment will be timed, if possible to coincide with late falI
production releases made at Coleman National Fish Hatchery. The production also is tagged so
estimates of survival between Battle Creek and Sacramento can also be made. Estimates of
survival are generated from recoveries of marked fish recaptured at Chipps Island. An additional
release will be made at Port Chicago/Benecia to allow survival to be estimated from differential
recoveries of adults in the ocean fishery from the two groups released at Sacramento.
Unfortunately, release group sizes are relatively small and sample variation could influence our
ability to detect small differences in survival should they exist. Replication of the experiment in
1998/1999 will provide additional results to test the hypothesis.

Since flows may be variable between the December and January releases, exports will be
modified to meet the proposed ratios. The higher ratio was selected for the December period,
since inflows will likely be less in December than January, thereby making the ratio more
attainable using export modification. The fish may be slightly larger for the later release
increasing their survival irrespective of the export/inflow ratio. This is somewhat problematic.
The cross channel gates would be closed during both test periods, to minimize the effect of other
factors between groups.

The specific proposal has been out for review since June 11, 1996. Specific comments on the
propgsal included the suggestion of redefining the hypothesis and using a particl.e tracking model
to delft-nine test conditions that are a better reflection of flow movement to the ~buth delta
project export facilities than that of the E/I ratio (USFWS, 1996b and 1996c).

...... Fish. speei.es-and .life.stages benefited: ,Iftherlower export/inflow ratio increases survival
, ! ,.~..--~’ : --,":..--;o thrbiagk .tha,Delta~fo~; yeitrling~ ~hino.o.k:Salmon it: would"~uggest,..thi~t:~i lower E/I ratio of 35%

- ,~.- :::" would b6flefit20.utmigran.tjtivehile salinon during.the No#em. b.’..e_r., ~:.January period and add
justification for implementation of Action 9,

Supporting data: There is some evidence that indicates that marked late-fall chinook salmon
released at Ryde (or Isleton) and into Georgiana Slough survive more similarly when the
export/inflow ratio is lower, both when the cross channel gates are open and when they are
closed (table 1). This analyses assumes the Ryde groups are a good index of survival through the
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Delta without impacts associated with the pumps. Although some recoveries are made at the fish
facilities from fish released at Ryde, indicating they are still influenced to some degree by project
pumping they are much less influenced than the releases made into Georgiana Slough. " : " ’ .

The experiment proposed is designed to index survival through the Delta with late fall yearlings
released at Sacramento with the gates closed at the two ratios. It is uncertain how much
decreasing the export/inflow ratio from 65% to 35% would increase survival for juvenile
salmon migrating through the Delta.

Monitoring and evaluation needs: Evaluation of the effectiveness of this action will be
determined from the results oft_he experiment. Confirmation of the Chipps Island survival
indices will be provided by recovering marked fish in the ocean fishery as adults.

Citations

USFWS, 1996a. Proposal to compare survival indices of coded-wire tagged (CWT) late-fall
released in the Delta in December, 1996 and January, 1997 under two levels of Delta
export/inflow ratio. Draft 11 June 1996.

USFWS, 1996b. Letter from William J. (B J) Miller, Consulting Engineer to Marry Kjelson
(USFWS), regarding comments on June 11 draft proposal to index juvenile late fall
survival at two different export/inflow ratios. Dated July 2, 1996.            ’

USFWS, 1996c. Response from USFWS (Marry Kjelson ) to BJ Miller regarding (omments on
the June 11 late fall proposal. Dated July 23, 1996.    .-              "         - -
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Table 1: Sun’ival indices for late fall yearlings released at Rvde and into Georgiana Slough in 1993-1996 and mean Qwest, CVP and SWP exports and flow at
Vemalis for 17 days after release. The cross channel gate status, export/inflow ratio and the Ryde/Georgiana Slough survival index ratio are also
included.

Date Rvde Georgiana Rvdc/ Qwest Exports Vernalis Cross Channel .,. Export/ Sacramento Flow
Survival Slough Georgiana Flow Gate Status Inflow Ratio at Freeport

Index Survival Slough
Index ,-.~. ’:

12/2/93 1.91 0.28 6.8 1054 [0660 1618 Open 50% 21440

12/5/94 0.57 0.16 3.6 -165 7075 1297 Open 37% 19133

114195 0.33 0.12 2.8 10024 11763 3444 Closed 18%i 62,900

1/10/96 0.66 0.17 3.9 37 1137{) 2665 Closed 32%’i:i 33,85;I

* Actual release made at Isleton, about 5 miles downstream of Ryde.
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Delta Action 9: Limit the average CVP/SWP exports to no greater than 35% of Delta inflow in
the November- January period. Sub priorities: 1) January, 2)December, 3)November.

Description: This action is designed to protect a variety ofanadromous fish that migrate
through the Delta between November and January by reducing the export/inflow ratio from 65%
per the Delta accord to 35%. The action would require reduction in exports by the CVP and
SWP or an increase in delta inflow or both.

Background: Reducing the export levels to no greater than 35% is designed to reduce the direct
and indirect entrainment affects of export pumping. January is given the highest sub-priority
because more juvenile salmon are in the system during that month (figure 1) with December of
next priority and November being of lowest priority. Fewer fish were observed in November
than in December or January.

There is considerable uncertainty as to the quantitative benefits of this action. Based on the late
fall experiment conducted in December 1996 and January 1997 and experience with make up
pumping, the justification for this action should be better understood. A problem occurs in
implementing sub priorities because if one does not take action in November the chance is lost.
However, water conditions in early fall may enable operators to determine if November or
December reductions are a possibility.

Fish species and life stages benefited: Fall, late fall and spring mn yearling chinook migrate
through the Delta during these months. Winter and fall run fry may also enter the Delta during
this time and rear in the Delta for up to several months. Actions to protect late fall, tributary
spring and winter run are of high priority since these races are at extremely low population
levels. Other species that could benefit would include juvenile striped bass, steelhead, American
shad, white and green sturgeon and adult San Joaquin basin fall-run chinook salmon.

Supporting data: Annual expanded recoveries at the CVP and SWP fish facilities of late fall
run yearlings released at Coleman National Fish Hatchery have ranged between 0.09 and 0.26
percent between 1994 and 1996 (table 1). Although, these numbers are relatively low, the fact
that th...e2¢ reach the fish facilities is of concern. Assuming that the indirect losses)i.n the Delta
associated with being diverted off their main migration path towards the pumps are much greater
than the direct losses (estimates have ranged between 4 and 7 times greater) the total impact
associated with exports could range as high as 1 to 2 percent of the release.

.... ," ~:’!~ :-.’.~_’: .Model’ing :based: or~’.f~ill~n smolt~s i~dic’ate that.after ~he:va2riability due to temperature is
~:-.,2 removed; :177A ~o£the.variabilit5~ in~zentral-dblta-survival 4wig-:due to combined CVP/SWP

exports (Kjelson, et al., 1989).

Depending on the length of curtailment benefits would vary. It is expected that indirect and
direct losses (salvage) of all anadromous fish would decrease during the months of reduction in
the export/inflow ratio. Decreases in exports relative to Delta inflow, with the cross channel
gates closed would increase QWEST. Increases in QWEST during the November - January
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period could help juvenile anadromous fish diverted into the Central Delta via Georgiana Slough
find their way to the ocean. Limited data has affected our ability to understand the importance of
reverse flows in the western San Joaquin River on smolt survival in the central Delta

Monitoring and evaluation needs: Sampling for late fall CWT tags will occur at the fish
facilities and at Chipps Island to assess entrainment and survival under the various export/flow
conditions between November and January. Salvage also occurs for the other species and races
of anadromous fish. Additional work using juvenile salmon with radio tags may assist in
understanding the influence of QWEST flow levels on smolt migration in the Delta.

Citations

Kjelson, M.A., Greene, S. and P. Brandes, 1989. A Model for Estimating Mortality and
~urvival of Fall-Run Salmon Smolts in the Sacramento River Delta Between Sacramento
and Chipps Island.
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"Fable 1 : Expanded recoveries at the CVP and SWP fish facilities, total number released and
the total percent recovered of late - fall run juveniles released in the upper
Sacramento River in 1994-1996.

Year Total Nmnber Expanded Expanded Total Number Percent
Released SWP CVP Salvaged Recovered at

Expanded SWP & CVP

1995 497,129 868 246 1,114 0.224

1994 613,565 99 433 532 0.087

1996 797,243 1602 468 2,070 0.259
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Stanislaus River

Stanislaus River Action 1: Implement an interina river regulation plan that meets the following
flow schedule (Table 1) by supplementing the 1987 agreement between USBR and CDFG,
through reoperation of New Melones Dam, use of (b)(2) water, and acquisition of water from
willing sellers as needed.

Description: The implementation of AFRP flow objectives on the Stanislaus River continues to
require balancing among improving river flows for the aquatic ecosystem in the basin, meeting
temperature criteria, and providing adequate carryover storage in New Melones Reservoir. We
recommend that releases from Goodwin Dam be maintained at not less than the flows identified
by the AFRP (Table 1) to help the declining salmon and steelhead populations in the Stanislaus
River continue to recover from the adverse effects of the recent drought. We are participating in
the ongoing process to evaluate the "sustainable" CVP yield in the Stanislaus River basin
available for helping to meet the AFRP flow objectives, as well as the potential Of acquiring
water from willing sellers.

Our flow objectives include the release of increased springtime flows (April to June 1997) to the.
Stanislaus River below Goodwin Dam. The springtime releases from Goodwin Dam should
result in an increase in Stanislaus River flows, lower San Joaquin River flows, and Delta
outflow. Combined with the Merced River and Tuolumne River flows; our intention is that
these springtime flows will contribute to meeting the Vemaiis flow standard for April and May
consistent with the Bay-Delta Agreement and the Fish and Wildlife Service’s March 6, 1995
biological opinion for delta smelt (USFWS 1995a).

In addition to the springtime flows, the objectives for the Stardslaus River include: 1) flows
belowGoodwin Dam during October through March to provide spawning and rearing habitat for
salmon and steelhead; and 2) minimum base flow in the summer. A fall attraction pulse flow
using approximately 15,000 to 30,000 afis being considered for release during October 1997 t~
facilitate upstream migration of adult fall-run chinook salmon. - If we wish to pursue this measure
or use the water in another fashion, as indicated by the results of real-time monitor,ing, we will
advise the agencies, stakeholders, and the public at a later date.               :        ¯

Back.ground: Although New Melones Reservoir is,the largest impoundment (2..4 mat’) in the
¯ StamNlfius River basin, Goodwin Dam is located downstream of New Melones Dm-n and is the
upstream barrier for salmon migration (Reynolds et al. 1993, USFWS 1995b). Existing releases
to meet needs of chinook salmon in the lower Stanislaus River are specified in a 1987 study
agreement between CDF.G and USBR (CDFG and USBR 1987, USFWS 1995b). This

:~:: -~ ,.: :~, :.: agreem ~ht~sp~ifies’-:iiaferirff ~iai. flo. ~iiI16c~tioiisiS~98~ 00 af~to 302,100 af, depending on
.:. ~ : ’-: New-Melones Re~ervbir catiTove~4.atorage andinflow~.Since the agreement was signed, water

shortages have limitedthe quakr~tity of’v)at~r allocated ~d meeting fish needs to 98,300 af in all
years except 1996. Thisquantity has proven to be inadequate for survival of all life stages of
chinook salmon (Loudermilk 1994, USFWS 1995b).

The 1987 agreement provides for a 7-year study with seven study elements that are in various
stages of completion. To date, results of smolt survival studies by CDFG and a 1992 instream
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Stanislaus River

flow study by USFWS (Aceituno 1993) has yielded sufficient data to allow formulation of
minimum stream flow schedules with increased allotments for fish. In August 1992, CDFG
submitted revised flow schedules to USBR and CDWR. The revised flows range from 185,280
afto 381,498 af (Reynolds et al. 1993). CDFG has indicated that these are minimum flows that
are subject to revision upon completion of the remaining studies (Reynolds et al. 1993). The
purpose of establishing minimum flows is to maintain the current population or prevent further
decline as water demands increase (Reynolds et al. 1993). Therefore, a key assumption of the
AFRP was that increasing natural production of chinook salmon in the Stanislaus River would
require flows higher than the specified minimum flows.

Fish species and life stages benefited:

¯ spawning adult chinook salmon
¯ rearing and outrnigrating juvenile chinook salmon
¯ spawning adult steelhead
¯ juvenile striped bass
¯ juvenile American shad
¯ juvenile delta smelt and other estuarine species

Supporting data: Escapement of adult chinook salmon into the Stanislaus River is associated
with spring outP.ow in both the San Joaquin River at Vemalis and the Stanislaus River at Ripon
(CDFG 1987, USFWS 1995b). Annual escapement estimates for chinook salmon (i.e., the
number of 2 and 3-year old fish that return to spawn) have been made by the CDFG for San
Joaquin River tributaries. The CDFG used these data and spring flows ofixibutaries and the San
Joaquin River at Vemalis when three year old fish were emigrating as smolts, to perform
regression analyses (CDFG 1987, 1992). The analyses indicated significant (p<0.05) positive
correlations between spring flow in the tributaries and at Vemalis and escapement of fish 2.5 i. ¯
years later (Figures 1 and 2). An additional concern is that low flows in the fall may delay adult
migration and spawning (CDFG 1992, USFWS 1995b).                                ~

The ra.,tio of Vernalis flow to water export has been suggested as a factor influenc.ing salmon
escapement in the San Joaquin River basin, primarily by affecting smolt survival:during the peak
emigration period, e.g., the AFRP Working Paper (USFWS .1995). The USFWS performed a
regression analysis to describe the relation between adult escapement (3 year old fish) and the
Vernalis flow to combined SWP and CVP exports (VFER) during 15 April 15 May the year ,fish
were smolts. (Figure 3). The resulting regression equation was significant (p~0.01) and VFER

g
.... = --. ,-:-n~--’=-.aecounted-for~40% of the variance in escapement.

.........,:-~’. ,,--4,-T0"b~tfer-understand factrrs iiffedfing’chirirok°salmon-ir~the San Joaquin River basin, Carl
Mesi(k Consultants (CMC 1994, 1995,. 1996) performed correlation analyses on existing data to
investigate relations among streamflow, exports, VFER, water temperature, stock size
(escapement of 3 year old fish), ocean harvest, water quality, ocean conditions, and recruitment
of chinook salmon cohorts (combined number of 2 and 3 year old fish returning in 1.5 and 2.5
years).
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Each report offered further refinements to the analyses, especially concerning discrimination
between cohorts. All reports analyzed data from the Stanislaus and Tuolumne rivers separately,
and differed from earlier analyses conducted by the CDFG (CDFG 1987, 1992) by accounting for
differences in age structure of fish in escapement estimates. Data were analyzed for various time
periods within the years (1951-I 989, depending on data availability, and the latter two reports
(CMC 1995, 1996) developed stock and recruitment relationships, and presented time-series
population models to predict recruitment relative to potential restoration activities. Overall, the
analyses indicated that three variables accounted for most of the variance in recruitment of
chinook salmon in the Stanislaus and Tuolumne rivers. The variables were VFER, low tributary
flows during smolt emigration, and stock levels below 1,000 fish.

The CDFG (Reynolds et al. 1993) provided interim flow recommendations for the Stanislaus
River (Table 2). Recorranendations were intended to improve conditions for fall-run chinook
salmon, and were based on results of an instream flow study conducted by the USFWS (Aceituno
1993) for October through March and smolt survival studies conducted by CDFG for April
through, May (CDFG 1992). Recommendations are provided for five water-year types in the San
Joaquin 60-20-20 index, ranging from 185,280 to 381,498 a£ The recommendations also include
blocks of water to be used for spawner attraction in October and outmigration in April and May.

Recommendations from the instream flow study were thought to provide adequate spawning,
incubation, and rearing habitats for fall-run chinook salmon. A total of about 155,000 af was
recommended, irrespective of water-year type. However, the study noted that to protect and.
preserve chinook salmon in the Stanislaus River, a comprehensive instream flow regime would ,.
need to consider factors that were not included in the study, such as water quality, temperature,
attraction flows, and flow for juvenile emigration.

:
The AFRP identified flow needs that, in conjunction with other restoration actions, would result
in at least doubling natural production of fall-run chinook salmon relative to the average attained
during 1967-1991 (USFWS 1995b). The needs were based on Aceituno (1993), the proportion
of unimpaired flow that the Stanislaus River contributes to the San Joaquin River, and the    . ..
historic hydrological regime. Assumptions were that flows greater than historical flows in the
lowe!~ reach of the fiver are needed to compensate for elimination of access to up.stream habitat,
and f~vs should not be reduced between spawning and outmigration to prevent ~dd dewatering
and stranding of rearing juveniles. Needs were then identified for five water-year types,
according to the San Joaquin 60-20-20 index. The identified flows ranged from 290,000 to
943,000 afper year.

¯ ... -. ~.:~, .::.:-~= ~.=The’AFRP_-flow~objectives were ~deriVed fr6m ~omments and-additional information received on
. the fIiS~v’needg identified ]i~ the Working Paper(USFWS 1995b)..-The resulting flow objectives

are consistently higher than the CDFG recommendations, especially in the spring, but overall,
they are similar at other times.

Monitoring and evaluation needs: The monitoring and assessment of these proposed AFRP .
flow objectives for the Stanislaus River is essential to obtain data on anadromous fish production
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and to facilitate an evaluation of the effects of this restoration action. The AFRP recommends
that CDFG continue its existing monitoring programs, such as escapement surveys. The AFRP
also encourages the water districts to continue monitoring juvenile salmon emigration using the
rotary screw traps in partnership with the AFRP. Finally, the AFRP recommends the completion
of the study elements identified in the 1987 agreement between CDFG and USBR, including
CWT smolt survival studies and linking the existing USBR temperature model (Rowell 1993)
with the USFWS instream flow model (Aceituno 1993). These proposed monitoring and study
efforts can be coordinated with other monitoring and assessment programs in the San Joaquin
basin and integrated through the Comprehensive Assessment and Monitoring Program (Section
3406(b)(16) of the CVPIA) with all CVPIA restoration actions and evaluations.
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Table 1. Flow objectives for the Stanislaus River downstream of Goodwin Dam during 1 April
1997 through 31 March 1998. Water year type is based on the San Joaquin 60-20-20 index.

Stanislaus River flow objectives (cfs) by water year type

Above Below
Month Wet normal normal Dry Critical

October 350a 350a 250a 250a "200a

November-
December 400a 350a 300a 275a 250~

January-March 400b 350b 300b 275b 250~’

April 1~-15 1500c 1500c 1500c 300 300

April 16-30 1500~ 150& 150& 1500c 1500c

May 1-15 1500~ 150& 1500~ 1500~ 1500¢

May 16-31 150& 1500c 300 300 300

June 1500d 800d 250 200 200

July-September 300 300 250 200 200

Total (tar) 467 410 313 257 247

’Flow based on IFIM recommendations and the assumption that greater than historic flows are needed to
compensate for elimination of access to upstream habitat. A pulse flow using approximately 15,000 to 30,000 afis
being considered during October to attract adult chinook salmon.

bFlow t~ased on the recommendation that flow should not be reduced between spawning and out~nigration to prevent
redd dewateri~.g and stranding of rearing juveniles.

CRecommended springtime flows to improve survival of emigrating chinook salmon smolts in the Stanislaus River
and San Joaquin River basin, benefit delta smelt and other estuarine species, and aid in the downstream transport of
striped bass eggs and larvae. The timing, magnitude, and duration of the April-May and October flows must be

~.~flexibl.e..’~md responsive,to, changing hydrologic conditions and_coordinated with flows on the Toulumne and Merced
rivers,

¯ ~.qThe~unere~eas~s.maybeadjustedin’c~perati~n.withCDFG:andUSBR~depending~n‘‘rea~-time~chin~k
salmon monitoring, water temperatures in the Stanislaus and San Joaquin rivers, and concurrent flow releases in the
Merced and Tuolumne rivers.
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Table 2. Flow recommendations for the Stanislaus River downstream of Goodwin Dam (after
Reynolds et al. 1993). Water year type is based on the San Joaquin 60-20-20 index.

Stanislaus River flow objectives (cfs) by water year type

- Above Below
Month Wet normal normal Dry Critical

October 1-14 300 300 250 250 200

October 15- 400 350 300 275 250
December 31

January-March 350 300 250 225 200

April-May 500 450 400 350 300

June-S*eptember 350 300 250 200 200

April-May pulse~ 89,100 68,310 47,520 26,730 5,940

October pulse (at) 15,000 15,000 I5,000 15,000 15,000

Total (af) 381,498 325,959 269,034 221,811 185,280

abased on 30 day flow of 400 cfs (100 cfs for 30 days in addition to spring base flow f300 cfs)
for critical year. Stanislaus River flow contribution at Vemalis = 20 percent.
Based on 30 day flow of 800 cfs (450 cfs additional flow for 30 days from base spring flow of
350 cfs) for dry year.
Based on 30 day flow of 1,200 cfs (800 cfs for 30 days in addition to spring base flow of 400 cfs)
for bNow normal year.                                                "
Based on 30 day flow of 1,600 cfs (1,150 cfs for 30 days in addition to spring base flow of 450
cfs) for above normal year.
Based on 30 day flow of 2,000 cfs (1,500 cfs for 30 days in addition to spring base flow of 500
cfs) t~o.r wet year.
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Figure 1. Relation ship of total escapement in the San Joaquin drainage ~md Vemalis flows
before (upper) and after (lower) the existing State Water project in the south Delta
and major storage increases in the San Joaquin drainage (sourc z: CDFG 1987,
Exhibit 15, The status of San Joaquin drainage chinook salmo.’., stocks, habitat
conditions and natural production factors).
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Figure 2. Relationships of Stanilaus River escapement to spring flows before (upper) and
after (lower) the existing State Water Project in the south Delta and major storage
enlm’gements in the San Joaquin drainage (source; CDFG 1987, Exhibit 15, The
status of San Joaquin drainage chinook sahnon stocks, habitat conditions and
natural production factors).
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Vernalis ,Flow to Delta Export Ratio and Estimates of Naturali~
Sp.awnin~ Fall-run Chinook Salmon durin9 1969-1989

00:~!         ,:’~
fU

-- " ¯ r -0.40 p<0.01
~ ’.

~- 500

40,

~= 20 000 ¯

O

II ,           ,           I      ,, ~           ~ .....

0 2.    4    6    8    I0 12
Vernalis flow. to expo~ ratio from April 15 - May 15
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1989. Salmon numbers (adults only) were after Mills and Fisher (1994). Vernalis flow to export ratio was calculated



American River

American River Action 1: Develop and implement a river regulation plan that meets the flow
objectives in Table 1 by modifying CVP operations, using (b)(2) water, and acquiring water from
willing sellers as needed.

Description: To improve immigration, spawning, incubation, rearing, and emigration conditions
for chinook salmon and steelhead in the lower American River, develop and implement a river
regulation plan that meets the following flow objectives below Nimbus Dam.

Table 1. Flow Objectives (cfs)1 for the American River for
April 1, 1997 through March 31, 1998.

Year type

Above Below Critical
~ Month Wet     normal normal Dry dry

April-June 4500" 3000 3000 2000 2000

July 2500b 2500 2500 1500 1500

August 2500b 2000 2000 1000 1000

September 2500b 1500 1500 500 500

October-Decembera 2500c 2000 2000 1750 1750

January2February 2500c 2000 2000 1750 1750

March 4500a 3000 3000 2000 2000

~A multi-agency and interested party management team should be formed to review and ~tev£1~p flow objectives in
consideration of reservoir carryover storage and hydrologic conditions as needed to provide for the long-
term needs of anadromous fish.                                             - :.    ¯

aReeommended flows to provide appropriate juvenile rearing habitat availability and out migration flows, and
temperature control during May and June (i.e., maintain mean monthly.river water temper.atures below

,..- 65°F at H-Street) ....
bRecoNrgended flows to provide some thermal protection(i.e., maintain mean monthly river temperatures at or

below 70°F) for steelheadjuveniles.
~Minimum flows for October 1 through December 31, 1997 will be based on the water year type for 1997 and

reservoir storage conditions as of September 30, 1997. To be responsive to changing hydrologic
....... ~. .....-. ......_ conditions, flows may be ramped up or down in cooperation with ~DFG .and USBR in January 1997 and

,~, I998.
:. : ,’.:: ::~SFlowsneeded for chinook, salmon spawning..%The 25.00 cfs:. flow; recommendati0fi approaches the maximum release

" rate that can be ~hstained through6~ this"andsulS~equenrmonth’gwith~ut exceeding water availability.

We hnderstand that operating primarily to meet new water quality standards pursuant to the Bay-
Delta Agreement and water supply demands south of the Delta will determine flows in the
American River from April through September 1997. This will depend on reservoir inflow,
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storage, flow in the Sacramento River and other hydrologic conditions. In any event, American
River flows (i.e., Nimbus releases) should be maintained at no less than the schedule in Table 1.

Depending on hydrologic conditions, a carryover storage of not less than 600,000 AF at the end
of September 1997 should be retained in Folsom Reservoir. This would provide for releases
below Nimbus Dam of not less than 2,500 cfs from October 1997 through February. 1998, and
not less than 4,500 cfs in March 1998. Carryover storage greater than 600,000 AF will help
supply the water to meet these instream flow objective, and to meet fall water temperature
objectives. We are continuing to work on the relationship among October 1997 through March
1998 flow objectives and the 1997 reservoir storage, inflow and hydrologic conditions. We will
coordinate with the agencies, stakeholders, and the public regarding the flow objective in the
event Folsom Reservoir is less than 600,000 AF at the end of September. To be responsive to
changing hydrologic conditions, flows may be ramped up or down in cooperation with CDFG
and Reclamation in January 1997 and 1998. These flow objectives will provide spawning and
rearing habitat for salmon and steelhead, improve survival of downstream migrating late fall-run,
winter-run, and spring-run chinook salmon through the Delta; and assist in meeting the needs of
estuarine species consistent with the Bay-Delta Agreement.

To the extent possible, flow fluctuations should be eliminated during this period. Interim criteria
on significant flow thresholds and ramping rates are being prepared by CDFG and the Service in
cooperation with Reclamation to assist Reclamation staff in minimizing adverse fishery impacts
due to flow fluctuations. We will continue to work together to develop ramping criteria for the
long-term.

Fish species and life stages benefited:

¯ Spawning adult fall-run chinook salmon
¯ Incubating, rearing and outmigrating juvenile fall-run chinook salmon
¯ Spawning adult steelhead -
¯ ~ .I.ncubating, rearing and outmigrating juvenile steelhead 2.
¯ Spawning adult American shad
¯ Juvenile American shad
¯ Adult and juvenile striped bass
¯ Other anadromous and resident fishes (including splittail)

.: ~-...: ~.:z;2-.~Back~r.oimd~ Eff6Hs-to.implem~ent’the American :Ri~ifl6.w.;_0bjectives are consistent with the
objectives of the Water Forum, a broad-based regional.planning effortthat includes business and
agricultural leaders, environmental groups, citizens groups, regional water managers, and local
governments (letter of comment on the draft Anadromous Fish Restoration Plan dated March 1,
1996 and signed by Melvin Johnson, Executive Director of the Sacramento City-County Office
of Metropolitian Water Planning).
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The American River flow objectives and models for implementation of the objectives were
developed and refined by teams of biologists and hydrologists with representation from Save the
American River Association, the Water Forum’s Surface Water Negotiation Team, the California
Department of Fish and Game, the East Bay Municipal Utility District (EBMUD), business
interests in the Water Forum, State Water Resources Control Board, Service, Reclamation, and
others. The objectives and models for implementation where generally supported by the
participants, although concerns were raised about potential effects on over-summering steelhead
and late-fall-run chinook salmon.

Prior to development of the American River flow objectives (in 1972), the Environmental
Defense Fund (EDF) filed suit against EBMUD challenging a proposed diversion of water from
Nimbus Dam through the Folsom South Canal, bypassing the lower American River. A 1990
court decision resulting from this case ,(known as the Hodge decision) ordered the following
flows for the protection of salmonid resources in the lower American River: 2,000 cfs between
15 October and 28 February; 3,000 cfs between 1 March and 30 June; and 1,750 cfs between 1
July anti i4 October.

The Hodge flows prescribe conditions that must be met prior to diversion of American River
water by EBMUD. In most dry and critical years, those flow conditions could not be met and
therefore EBMUD could not divert water. We recommend higher flow objectives to provide
greater benefits than the Hodge flows in wet, above, and below normal years and lower flow
objectives in drier year.s, such that flows could reasonably be met in almost all years. In addition,
the Hodge flows were to protect all public trust resources and therefore the summertime flows
included consideration of recreational activities, including wading, swimming and rafting.

Supporting data: The Hodge flows were established after extensive review of available
scientific data concerning the relationship between lower American River flows and salmonid
production. Additional information addressing optimal instream flows for salmonid spawning
and incubation, rearing, outmigration, and temperature control has been developed subsequent to
the Hodge decision, either as part of the retained jurisdiction associated with EDF et al.
EBMUD (Williams 1995), as part of AFRP Technical Team efforts to develop the AFRP
Worki._n.g Paper (USFWS 1995), or as part of the Water Forums regional planning efforts
(Bratovich et al. 1995). Bratovich et al. (1995) listed over thirty studies offish ai~d related
hydrology on the lower American River and Williams (1995) summarized and discussed many of
these studies, focusing on evidence and analysis bearing on the flows and water temperatures

.... :--;.,~,needed. to. protect chinook salmon in the lower American River...This additional information was
¯ ~ ’.9 ’ ’::~ !:~.~t~sed- t6-: develop’ tl~edt~tr~ani flow."redbmmehdatibns,f6~’the lowe~-.Amevican River that appear in

Table 1.

Monitoring and evaluation needs: Monitoring the effectiveness of the American River flow
objectives is essential to obtain data on anadromous fish production and to facilitate an
evaluation of the effects of this restoration action. We recommend that existing monitoring
programs continue, including escapement surveys, redd surveys, emigrant trapping, and seine
surveys. Refinement of existing methods should continue and additional studies should be
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conducted (see Williams [1995] for a discussion of potential additional studies). In a letter of
comment on the draft Anadromous Fish Restoration Plan dated January 12, 1996, John Williams
identified several assumptions he felt should be the focus of an adaptive management approach
to the American River flow objectives. The monitoring and study efforts should be coordinated
with other monitoring and study programs in the Central Valley and integrated through CAMP
with all CVPIA restoration actions and evaluations.
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Sacramento River

Sacramento River Action 1: Minimum Keswick releases of 5,300 from April 1, 1997 through
September 30, 1997 and between 3,250 and 5,300 from October 1, 1997 to March 30, 1998
based on October 1, 1997 Shasta Reservoir carryover storage.

Description: During April, 1997, we recommend that releases from Keswick Dam be
maintained at not less than 5,300 with such flows to remain in the river below Red Btuff
Diversion Dam. Flows from May to September should be determined by operations required to
meet temperature control criteria for winter-run chinook salmon. In any event, Sacramento River
flows (i.e. Keswick releases) should be maintained at not less than 5,300 through September 30.
Flows from October, 1997 through the following March should be based on October 1, 1997
Shasta reservoir carryover storage according to the following table.

Carryover storage (mat’)Keswick Release Carryover storage (maf) Keswick Release
(Oct2ber 1, 1997) (cfs) (October 1, 1997) (cfs) "

less than 1.9~ 3250 2.6 4,500

1.9 to 2.1 3,250 2.7 4,750

2.2 3,500 2.8 5,000

2.3 3,700 2.9 5,250 ~.

2.4 4,000 3.0 or greater 5,300.

2.5 4,250

Background:
The flow schedule recommended addresses fluctuations by limiting flow reductions and
fluctuations to less than have previously occurred. During the fall, prior to passage of CVPIA, it
was noV..uncommon to have flows nmning at 5-6 k cfs during October-November.primarily for
cross-delta deliveries (e.g. to refill San Luis Reservoir). When fall rainfall and natural accretions
increased sufficiently to satisfy cross-delta needs, the flows from Shasta were dropped to
minimums (3k cfs) regardless of the storage conditions in Shasta (i.e. maximizes storage for

........ next summer’s releases),_The, flow reduction would usually occur over a very short time period
. ;.:,;-: - ~,, :.:’-" :.-’, and: §trfinffrnanyeig~s,and j uveniles~ This:w~O~d ~c~ur,:everi~ flood~¢ontrol operations in January-
....~~-.~.‘ ¯ March required:floWs.to.be gre~itly inei?eased.::, However;. it- also makes no sense to drain the

reservoir during the wint(r with increas6d in-stream releases and not have enough cold water to

i In the event forecasted carryover storage drops below 1.9 maf, USBR must reinitiate

consultation with NMFS.
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provide for winter run spawning during the following summer. The recommended flow schedule
is a balance between needs for storage and instream flows is realized.

Fish species and life stages benefited:

¯ Spawning adult chinook samon
¯ Rearing and outmigrating juvenile chinook salmon
¯ Spawning adult steelhead
¯ Rearing and outmigrating juvenile steelhead

Supporting data: The proposed flow schedule provides the most productive and stable
environment that can be attained under the reservoir storage, runoff, and project operation
conditions during the water year. Specifically this flow recommendation will provide for
improved spawning and rearing of chinook salmon and steelhead, and improved survival of
downstream migrating late-fall ran, winter-run, and spring-run chinook salmon.

The algorithm for flow is built on the minimum flow and carryover requirements established in
the Biological Opinion (BO) for CVP and State Water Project (SWP) effects on Sacramento
River winter-run chinook salmon (NMFS 1993, CVPIA Working Paper, Vol. 3) and Water
Rights Order 90-5 stipulating minimum instream flows. The BO also requires a minimum
instrearn flow of 3,250 cfs from October 1 to April 30 and temperature ~ontrol operation from
May 1 to September 30 (NMFS 1993).
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Clear Creek Action 1: Release a minimum flow into Clear Creek from Whiskeytown Dmn of:
150 cfs from April 1, 1997 through May 30, 1997;
50 cfs from June 1, 1997 through September 30, 1997;
150-200 from Oct 1, 1997 through May 30, 1998; and
Release a spring pulse flow in May 1997.

Description: The recommended releases from Whiskeytown Dam to Clear Creek are 150-200
cfs from October to April and 50 cfs for the remainder of the year with variable spring-time
releases depending on water year type.

The recommended flows provide habitat and temperature requirements for fall-run and late fall-
run chinook salmon and steelhead and, to a lesser extent, for spring-run chinook salmon, which
are presently extirpated from the stream. If the spring-run chinook salmon population becomes
successfully reintroduced, it may require an even lower summer water temperature regime,
necessi~ting increased flows. The releases are measured at Whiskeytown Dam to provide more
precise tempgrature regulation and prevent harmful flow fluctuations.

A springtime flushing flow recommendation will be developed empirically to accomplish
sediment removal, prevent riparian vegetation encroachment, maintain the proper channel
configuration, distribute new spawning gravel, facilitate timely juvenile outmigration, and attract
adult spring-run salmon and steelhead into the stream. The schedule and amount of flow would
be determined by a series of experiments designed to intensify and augment a storm flow at
strategic times. The flushing flow releases would not exceed the natural inflow into
Whiskeytown Reservoir during the storm.

Background: The cumulative effects of water diversion, gold mining, gravel mining, logging,
road building, residential development, and the construction of Whiskeytown Dam have
contributed to the decline of the Clear Creek anadromous fishery habitat.

Existiiag Clear Creek habitat supports an estimated 2% of the Sacramento River’s..salmon
population. Restoration of habitat and increased flow releases from Whiskeytown Reservoir
could triple the present production of salmon in Clear Creek. Steelhead populations would
similarly benefit.

,:.~.-~ McC~fi’nick- Saeltz~r (S~eltzer)Dam?is46~ated~ix’~ites~upstreSfia-~om the Sacramento River on
Clear Creek:, Wtiiskeytt~rn.Dm’n.is. ten mileg:.upstr~am~from:Sa~lt2zer Dam. Because the fish
ladder on Saeltzer Dam doesn’t function +ery well, the upper ten miles of Clear Creek is currently
inaccessible to most if not all salmon and steelhead.

Increased flows were provided in Clear Creek from October I, 1995 to April 28, 1996, with
benefits to the fishery including: 1) improved fish passage into Clear Creek; 2) improved Clear ¯
Creek water temperatures in October; 3) increased the amount of spawning and rearing habitat in
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Clear Creek; and 4) record numbers of fall-run chinook salmon spawning in Clear Creek. The
Service distributed a report (Brown 1996) in the summer of 1996 on the fishery impacts of th’e
flow release, based on field studies conducted by FWS, CDFG and DWR. The FWS and CDFG
and again requested similar flows in 96-97 and flows were again increased in October, 1996 and
are expected to continue through May, 1997.

Fish species and life stages benefited:

¯ Spawning adult chinook salm6n
¯ Rearing and outmigrating juvenile chinook salmon
¯ Spawning adult steelhead
¯ Rearing and outmigrating juvenile steelhead

Supporting data: The recommended flow releases can nearly double available fall-run and late
fall-run chinook salmon habitat over that provided by the present minimum releases of 50 cfs.
By increasing the flows below Whiskeytown Dam, it is possible to add back approximately five
miles of spring-run habitat and 10 miles of steelhead habitat and to possibly reintroduce, spring-
run chinook salmon. If successful, another distinct and genetically viable population of spring-
run chinook salmon and steelhead could become established in the Central Valley, which would
reduce the probability of these species going extinct.. In addition, Clear Creek is one of two .
tributaries in the upper Sacramento River that can provide habitat for three races of salmon and
steelhead.                                                             -,      . -

These recommendations (CDFG correspondence report 1993, Working Paper, Vol. 3) are based
on attainable temperature objectives and habitat requirements that were determined by an ~... : ’
instream flow study (DWR 1986, Working Paper, Vol. 3) and the Clear Creek hydrologic data at.
Whiskeytown Dam for 1923 to 1994 (USBR Central Valley Project Operations Hydrolggie .Data,
Working Paper, Vol. 3).
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