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Chapter 1

Overview

1.1 Introduction

TheStateWaterResourceControlBoard’s(StateWaterBoard)missionistopreserve,enhance,and


restorethequalityofCalifornia’swaterresourcesanddrinkingwaterfortheprotectionofthe


environment,publichealth,andallbeneficialuses,andtoensureproperwaterresourceallocation


andefficientuse,forthebenefitofpresentandfuturegenerations.TheStateWaterBoardprotects


waterqualitythataffectsbeneficialusesofwaterintheSanFranciscoBay/Sacramento‐SanJoaquin


RiverDeltaestuary(Bay‐Delta)inpartthroughitsWaterQualityControlPlanfortheBay‐Delta


(Bay‐DeltaPlan).TheBay‐DeltaPlanidentifiesbeneficialusesofwaterintheBay‐Delta,water


qualityobjectivestoreasonablyprotectthoseusesandaprogramofimplementationtoachievethe


objectives,includingactionstheStateWaterBoardwilltake(e.g.,implementingflowrequirements)


andactionstheStateWaterBoardwilltakewithothersorrecommendationstoothersforactions


theyshouldtake(e.g.,habitatrestorationactions).


TheStateWaterBoardisconductingareviewandupdateofthe2006Bay‐DeltaPlantoensurethat


beneficialusesofwaterintheBay‐Deltawatershedarereasonablyprotected.PhaseIaddresses


potentialchangestoSanJoaquinRiverflowrequirementsfortheprotectionoffishandwildlifeand


potentialchangestosouthernDeltasalinityrequirementsfortheprotectionofagriculture.1PhaseII


addresseschangestotheBay‐DeltaPlantoprotectnativefishandwildlifeintheSacramentoRiver,


Delta,andassociatedtributaries.


ThisScientificBasisReport(ScienceReportorReport)isbeingpreparedtosupportthePhaseII


updateoftheBay‐DeltaPlan.ItdescribesthescienceonwhichproposedchangestotheBay‐Delta


Planwillbebased.AworkingdraftversionoftheReportwasreleasedonOctober19,2016,to


receiveearlyscientificandpublicinputonthesciencerelatedtoPhaseIIpriortosubmittalofthe


Reportforexternalpeerreview.TheStateWaterBoardreceivedinputfromanumberofinterested


partiesincludingwaterusers;environmentalgroups;andlocal,state,andfederalagencies.In


recognitionofthevisionfor“oneDelta,onescience”articulatedintheDeltaStewardshipCouncil’s


(DSC)DeltaPlan,theStateWaterBoardalsorequestedthattheDeltaIndependentScienceBoard


(DeltaISB)conductareviewoftheReport.TheStateWaterBoardappreciatesthevaluable


commentsandsuggestionsthathavehelpedfurtherstrengthenthescientificcontentinthisversion


oftheReport.


Inaddition,commentsrelatedtoregulatoryandpolicyissueswereraisedthathavefurther


informedthedevelopmentofproposedchangestotheBay‐DeltaPlan,includingimplementation


approaches.Thegeneralcomponentsofthesechangesaresummarizedbelowandinmoredetailin


Chapter5forcontext,andwillcontinuetoberefinedastheplanningprocessmovesforward.This


Reportandthepeerreviewers’responseswillbepostedontheStateWaterBoardwebsiteand




1PhaseIisaseparateprocessfromPhaseII.Theterm“Phase”todescribethesedifferentprocessesisusedfor


administrativeconveniencetodistinguishthedifferentproceedings.Thetwowaterqualityproceedings,PhaseI

andPhaseII,forexample,involvedifferentwaterqualityobjectives,largelydifferentgeographicareas,andcanbe

developedandimplementedindependentlyofeachother.



State Water
Resources
Control
Board
 Overview


Phase
 II
Update
of the
2006 Bay‐
Delta
 Plan

Scientific
Basis Report

1‐2

Final


becomepartoftherecordforthisBay‐DeltaPlanupdate.ContentfromthisReportwillbeincluded


inalargerStaffReportthatwillalsocontaininformationonenvironmental,economic,andother


analysesofpotentialchangestotheBay‐DeltaPlan,includingregulatoryandpolicyconsiderations


ofcompetingusesofwater(includingmunicipal,industrial,agricultural,powerproduction,and


otherenvironmentalusesofwatersuchaswetlandandwildliferefugesupplies).Theseissuesare


notaddressedinthisScienceReport.Further,whileadescriptionoftheapproachforproposed


changestotheBay‐DeltaPlanisprovided,theexactregulatorylanguageisstillunderdevelopment


andwillbeinformedbythescienceinthisReportandotherinformationthatwillbeincludedinthe


StaffReport.Thepublicandagencieswillcontinuetohaveopportunitiestoprovideinput


throughoutthisprocess.


TheproposedPhaseIIchangestotheBay‐DeltaPlaninclude:newinflowrequirementsforthe


SacramentoRiver,itstributaries,andeastsidetributariestotheDelta;newandmodifiedDelta


outflowrequirements;newrequirementsforcoldwaterhabitat;newandmodifiedinteriorDelta


flowrequirements;recommendationsforcomplementaryecosystemprotectionactionsthatothers


shouldtake;andadaptivemanagement,monitoring,evaluation,specialstudy,andreporting


provisions.


WhilethesciencesummarizedinthisReportclearlysupportstheneedfortheflowandassociated


waterprojectoperationalrequirementsfortheprotectionoftheecosystemandnativefishand


wildlifebeneficialuses,therearesignificantchallengesthatexisttoestablishingflowrequirements


forawatershedofthissizeandcomplexity,particularlygiventheimportanceofthewatershedto


theState’swatersupplyneeds.Atthesametime,theneedforactioniscriticalgiventhedegraded


statusoftheecosystemandthelackofacomprehensiveregulatorystructureinthefaceof


increasingwaterdemandsandclimatechange.Thus,thetaskbeforetheStateWaterBoardrequires


craftingtheflowrequirementswithenoughflexibilitytoworkandadapttonewinformationand


changingcircumstances,butalsowithenoughspecificitytopromptmeaningfulandtimely


improvementinflowconditionsandhabitat.


TheproposedchangestotheBay‐DeltaPlanarestructuredtoaddressthecomplexitiesofthe


watershedwhilerespondingtonewinformationandchangingconditionsandprovidingfor


meaningfulactionintheneartermtoprotecttheBay‐Deltaecosystem.Theproposedchangesare


structuredtoworktogetherandwithotherplanning,science,restoration,andregulatoryeffortsina


timely,adaptive,flexible,andcomprehensivemannersothatmeaningfulactioncanbetakento


ensuretheprotectionoffishandwildlifebeforeimperiledspeciesinthewatershedarenolonger


abletoberestored.


InkeepingwiththeStateWaterBoard’sauthorityandresponsibilitytoprotectthequalityofthe


watersofthestateandthebeneficialusesofthosewaters,thisBay‐DeltaPlanupdatefocuseslargely


onflow‐relatedissues.However,theStateWaterBoardrecognizesthatotheractions,suchas


habitatrestoration,areimportanttoprotecttheBay‐Deltaecosystem.TheStateWaterBoardwill


workcooperativelywithotheragenciesandorganizationstopromotesuchactions,whichmayor


maynotbewithintheStateWaterBoard’sauthorities.Theprogramofimplementationwillfurther


addresstheseactionsinrecommendationstootherentities,anddescribethetoolsthattheState


WaterBoardwillemploytoensurethatneededcomplementarynon‐flowmeasuresarepursued,


includingthosethatmayresultintheneedforlessflowtoachievetheprotectionofnativefishand


wildlife(e.g.,temperaturecontrolmaybeachievedwithatemperaturecontroldevicemore


efficientlythanthroughflowalone,habitatalterations/restorationcanyieldfoodorpredator


evasionortakelesswatertocreatefloodplainhabitat).
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TheStateWaterBoard’sBay‐Deltaplanningandimplementationeffortsarepartofamulti‐faceted


approachneededtoaddressthesystemicecologicalandwatersupplyconcernsintheBay‐Deltaand


reconcileanalteredecosystem.TheStateWaterBoardiscommittedtocollaboratingand


coordinatingwithotherscience,regulatory,andrestorationeffortsthatinformadaptive


managementandfuturedecisionsregardingneededflowsandoperationalmeasures.TheState


WaterBoardencouragestheongoingeffortsofvariouspartiestodevelopmeaningfulandeffective


voluntaryagreementsthatcanachievegreaterandmoredurablebenefitsfortheBay‐Deltainthe


shortandlongtermthanregulationalone.TheproposedchangestotheBay‐DeltaPlandescribedin


thisScienceReportaredesignedtoencourageandfacilitatesuchagreements.


1.2 Final Draft Scientific Basis Report

ThisScienceReportprovidesareviewandsummaryofthebestavailablesciencesupporting


potentialchangestotheBay‐DeltaPlan’sflowandwaterprojectoperationalrequirements,building


onsciencecontainedintheDeltaFlowCriteriaReportandotheranalyses.Italsoprovidesa


summaryofthescienceonothernon‐flowstressorsandproposedactionstoaddressthosestressors


inconcertwithflowactions.Whileperfectscienceisnotavailableandexactmechanismsbehind


flow‐relatedfunctionsandotherstressorsarenotfullyunderstood,thereisasignificantand


compellingamountofinformationsupportingtheneedfornewandmodifiedflowandrelated


measurestoprotectfishandwildlifebeneficialusesintheBay‐Delta,oneofthemostwidelystudied


estuariesintheworld.Adaptivemanagementandimplementationprocessesareproposedtoensure


flexibilityinmanagingflowsonareal‐timeandlong‐termbasistobestprotectbeneficialusesandto


betterrespondtoevolvingscientificinformationandchangingconditions.


Thischapter(Chapter1)introducestheScienceReportandprovidesasummaryofitsmajor


findings.Chapter2providesananalysisoftheflowregimewithintheSacramentoRiverandits


tributaries,theDeltaeastsidetributaries,andtheDelta,includinghowthemagnitude,frequency,


duration,timing,andrateofchangeofflowshavebeenaltered.Chapter3providesasummaryofthe


underlyingsciencesupportingtheneedforflowandflow‐relatedoperationalrequirementsforthe


protectionoffishandwildlifebeneficialuses.Itincludesgeneralinformationregardingthe


ecologicalneedsforflows,lifehistoryinformationandpopulationinformationforseveralindicator


fishspeciesofconcernandinformationaboutflowneedsforthesespeciesfocusedonpopulation


growth.Chapter4summarizesthevariouscategoriesofotheraquaticecosystemstressorsinthe


Bay‐Deltawatershed,howthosestressorsinteractintheecosystemandactionsthatarebeingtaken


orshouldbetakentoaddressthosestressors.Chapter5describeshowthebiologicalandhydrologic


informationprovidedinearlierchaptersoftheReportweresynthesizedtodeveloppotential


modificationstotheBay‐DeltaPlan.ToassisttheStateWaterBoardinevaluatingarangeof


environmentalflows,theReportincludesacomparisonofarangeofflowswiththeflowneedsof


multiplespeciestoidentifytherangeofprotectionthatcouldbeachievedatdifferentflowlevels.


Theseprotectionsareexpectedtobeenhancedthroughtargetedadaptivemanagementandwhen


combinedwithothermeasures.


1.2.1 The Bay‐Delta Watershed

TheSacramentoandSanJoaquinRiversystemsdrainwaterfromabout40percentofCalifornia’s


landareaandsupportavarietyofbeneficialusesofwater,includingdrinkingwaterformorethan


two‐thirdsofCalifornians,irrigationtothelargestagriculturaleconomyintheU.S.,andrecreational
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opportunitiesforathrivingtourismindustry.TheDeltaisthehubofCalifornia’swatersupply


system,servingasthesourceofwaterfortheState’stwolargestwatersupplyprojects—the


DepartmentofWaterResources’(DWR)StateWaterProject(SWP)andtheU.S.Bureauof


Reclamation’s(Reclamation)CentralValleyProject(CVP)(collectively,theProjects)—aswellas


manyotherlargeandsmalldiverters.WaterisessentialtotheeconomyofCalifornia.Theeconomy


hasprovenresilienttofluctuationsinwatersupply,butfacesprofoundmanagementchallenges


(Hanaketal.2012).


TheBay‐DeltaiswhereCalifornia’stwomajorriversystemsmeettoformthelargestestuarine


ecosystemforfishandwaterfowlproductiononthewestcoastoftheAmericas.TheBay‐Delta


includestheDelta,SuisunMarsh,andtheSanFranciscoBay.TheDeltaisabout738,000acresof


whichabout48,000acresarenowopenfreshwaterandtheremainderisagriculturalorurban,


reflectinganalmostcompletelossofwetlandhabitatssinceCaliforniabecameastate(Whippleetal.


2012).SuisunMarshcomprisesapproximately85,000acresofduckclubs,gamerefuges,and


sloughs.LandformsinSuisunMarshhavechangedlittlefromnaturalconditions,butsalinitieshave


generallyrisen(Whippleetal.2012).SanFranciscoBayincludesabout306,400acresofopenwater,


withalmosthalfofitswetlandhabitatshavingbeenrestoredinthelast20years(SFEP2015).


TheBay‐Deltasupportsanexceptionallydiversearrayofmigratoryandresidentfish,birds,and


othervaluedwildlifeandplants.TheestuaryisacrucialpartofthePacificFlyway.Somebirds,


particularlysandhillcranes,Canadageese,andsnowgeese,over‐winteronfloodedDeltafields


whilemanyotherwaterfowlrelyonhabitatsinSuisunMarshandSanFranciscoBay.Migratoryfish


includegreenandwhitesturgeon;spring‐run,winter‐run,fall‐runandlate‐fall‐runChinooksalmon;


andsteelhead.Thesenativespeciesincludeimportantcommercialandsportfisheriesaswellastaxa


listedundertheCaliforniaandfederalEndangeredSpeciesActs(CESAandESA,respectively).Unlike


birds,migratoryfishmusttravelthroughtheentireestuarytogettoandfromtheirspawning


habitatsintheupperwatershed.Tomigratesuccessfully,fishmustfindsuitablehabitatsand


withstandmultiplestressorsthroughouttheestuary.Almostallresidentnativefishspeciesinthe


Bay‐Deltahavedeclinedinabundance,particularlythelongfinsmelt(listedunderCESA)andthe


Deltasmelt(listedunderbothESAandCESA).Tworesidentspecieshavebeenextirpated:


Sacramentoperchandthicktailchub,primarilyduetolossofsuitablehabitat.Themostabundant


fishesoftheupperestuaryarenowallintroducedanddonotrelyonthehabitatsandconditions


historicallyfoundinCalifornia.Thesenonnatives,includestripedbass,largemouthbass,andcarp


thatwereintroducedforharvestandotherspeciesthatinvadedbyvariouspathways.Habitat


restorationandtheeffectsofclimatechangearelikelytofurthershifttheabundanceand


distributionsofspeciesthroughouttheestuary(GoalsProject2015).


1.2.2 Purpose and Need for Bay‐Delta Update

ItiswidelyrecognizedthattheBay‐Deltaecosystemisinastateofcrisis.Changesinlandusedueto


agriculturalpractices,urbanization,andfloodcontrolcombinedwithsubstantialandwidespread


waterdevelopment,includingtheconstructionandoperationoftheProjects,havebeen


accompaniedbysignificantdeclinesinnearlyallspeciesofnativefish,aswellasothernativeand


nonnativespeciesdependentontheaquaticecosystem.Fishspecieshavecontinuedtoexperience


precipitousdeclinessincethelastmajorupdateandimplementationoftheBay‐DeltaPlanin1995


thatwasintendedtohaltandreversetheaquaticspeciesdeclinesoccurringatthattime.Intheearly


2000s,scientistsnotedasteepandlastingdeclineinpopulationabundanceofseveralnative


estuarinefishspeciesthathascontinuedandworsenedduringtherecentdrought.Simultaneously,
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naturalproductionofallrunsofCentralValleysalmonandsteelheadremainsnearall‐timelow


levels.


Thesedeclinesareattributedinparttoflowmodificationsduetodamsandwaterdiversionsand


relatedoperations.Atcertaintimesinsomestreams,flowsarecompletelyeliminatedor


significantlyreducedbydirectwaterdiversionsandimpoundmentinreservoirs.Atothertimes,


flowsareincreasedfromreservoirs,butthenexportedfromthewatershedbeforecontributingto


Deltaoutflows.Atthesametime,thedamsthatimpoundthatwaterblockaccesstoupstreamcold


waterhabitatandmaycausesignificantwarmingofwaterdownstream.Further,waterproject


operationsinthesouthernDeltaaltercirculationpatterns,interferingwithfishmigration,changing


waterquality,andentrainingfishandotheraquaticorganisms.Asignificantandcompellingamount


ofscientificinformationindicatesthatrestorationofmorenaturalflowfunctionsthroughoutthe


watershedfromnatalstreamstothenearshoreoceanisneedednowtoreversethespeciesdeclines


inanintegratedfashionwithphysicalhabitatimprovementsandotheractions.Whileitisnot


possibletoreplicatenaturalflowsorthenaturallandscapesinwhichthoseflowsoccurredand


interactedintheBay‐Delta,itispossibletotakeactionstoprovidemorenaturalfunctionalflowsin


coordinationwithothercomplementaryactionstoimproveandrestorehabitatfunctionstosupport


aresilientecosystem.Thesciencesummarizedinthisreportdocumentstheseneeds.


AsdescribedinChapter2,upstreamdiversionsandwaterexportsintheDeltahavereducedJanuary


toJuneoutflowsbyanestimated56percent(average),andannualoutflowbyanestimated52


percent(mean).Inthedriestcondition,incertainmonthsoutflowsarereducedbymorethan80


percent,JanuarytoJuneflowsarereducedbymorethan70percentandannualflowsarereduced


bymorethan65percent.Richteretal.(2011)concludedthatflowmodificationsgreaterthan20


percentlikelyresultinmoderatetomajorchangesinnaturalstructureandecosystemfunction.


Studiesofriver‐delta‐estuaryecosystemsinEuropeandAsiaconcludethatwaterqualityandfish


resourcesdeterioratebeyondtheirabilitytorecoverwhenspringandannualwaterwithdrawals


exceed30and40–50percentofunimpairedflowrespectively(Rozengurtetal.1987).Nativefish


andwildlifeintheBay‐Deltawatershedhavebeensignificantlyimpactedbythesereductionsof


flow,withmanyspeciescurrentlyonthevergeofextinction.AsdiscussedinChapter4,thereare


otherfactorsinvolvedinthedeclineofthesespecies,butwaterdiversionsandthecorresponding


reductioninflowsaresignificantcontributingfactorsforwhichtheStateWaterBoardhas


regulatoryresponsibilitytoaddress.Assuch,theproposedchangestotheBay‐DeltaPlanfocuson


flow‐relatedissueswhileacknowledgingtheimportanceofcoordinationwithotherscience,


planning,regulatory,andrestorationefforts(discussedbelow)toprotecttheBay‐Deltaecosystem


aswhole.


WhilevariousstateandfederalagencieshaveactedtoadoptrequirementstoprotecttheBay‐Delta


ecosystem,thereisnocomprehensiveregulatorystrategyaddressingthewatershedasawhole.


Instead,therearevariousregulatoryrequirementsthatcoversomeareasofthewatershedandnot


others.ManyoftheserequirementsarethesoleresponsibilityoftheProjectsundertheBay‐Delta


Plan,asimplementedthroughRevisedWaterRightDecision1641(D‐1641),andtwobiological


opinions(BiOps)addressingDeltasmeltandsalmonidsandanincidentaltakepermitaddressing


longfinsmelt.Thebestavailablescience,however,indicatesthattheserequirementsareinsufficient


toprotectfishandwildlife.Further,theserequirementsaddressonlyportionsofthewatershed;


thereareanumberoftributariesthatdonothaveanyrequirementstoprotectfishandwildlifeor


thathaverequirementsthatarenotintegratedwithotherrequirements,includingtheBay‐Delta


PlanandCESAandESArequirements.Whileconditionsmaybeprotectiveoffishandwildlifein


someofthesetributaries,actionisneededtoensurethatconditionsarenotdegradedinthefuture.
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TheproposedchangestotheBay‐DeltaPlandiscussedinthisScienceReportareintendedtobegin


toaddresstheseissuesinamorecomprehensivewaybylookingattheSacramentoRiverwatershed


andrelatedtributariesandtheDeltaasawholeinterconnectedsystem.


1.2.3 Bay‐Delta Water Quality Control Planning Background

TheStateWaterBoardhasauthoritytoadoptstatewidewaterqualitycontrolplansandadoptsthe


Bay‐DeltaPlanbecauseofitsecologicalandwatersupplyimportancetothestate.TheBay‐Delta


Planaddresseswaterdiversionsanduseinthewaterqualitycontrolplanningcontext,in


accordancewiththestatePorter‐CologneWaterQualityControlActandotherlaws.Thecurrent


Bay‐DeltaPlanrequirementswereestablishedin1995basedinpartonanagreementbetweenstate


andfederalagenciesregardingmeasuresforecosystemprotectionintheBay‐Deltaestuary.The


StateWaterBoardupdatedthe1995Bay‐DeltaPlanin2006withminormodifications.


TheBay‐DeltaPlanidentifiesvariousbeneficialusesofwaterintheBay‐Deltaandestablisheswater


qualityobjectivesdesignedtoreasonablyprotectthoseuses.Certainobjectivesareexpressedas


flowsandothersassalinity(electricalconductivity[EC]orchloride)anddissolvedoxygen(DO)


levelsthatarelargelyachievedthroughflowsandProjectoperations.TheBay‐DeltaPlanalso


includesnarrativefishandwildlifeprotectionobjectivesforsalmonandtheSuisunMarsh.TheBay‐


DeltaPlanincludesaprogramofimplementationidentifyinghowtheobjectiveswillbeachieved,


includingadescriptionofactionsnecessarytoachievetheobjectives;atimeschedulefortakingthe


actions;andmonitoring,evaluation,andreportingmeasurestodeterminecompliancewiththe


objectivesandevaluatetheeffectivenessofimplementationmeasures.


Currently,theProjectshaveprimaryresponsibilityformeetingBay‐DeltaPlanobjectives,including


existingDeltainflow,outflow,salinity,andotherrequirements.InD‐1641,theStateWaterBoard


acceptedvariousagreementsbetweenDWRandReclamationandotherwateruserstoassume


responsibilityformeetingspecifiedBay‐DeltaPlanobjectivesforaperiodoftimethrough


conditionsonDWR’sandReclamation’swaterrightsfortheSWPandCVP,respectively.As


evidencedintherecentdrought,theProjects’abilitytomaintainresponsibilityformeetingallBay‐


DeltaPlanflowandwaterqualityrequirementsinthewatershedwhilepreservingwaterforcold


waterpurposesisnotrealisticinthefaceofclimatechangeandincreasingwaterdemands.


Currently,theProjectssupplementflowsduringmuchofthesummerandfallwithstoragereleases


attheexpenseofcoldwaterandotherreserves,particularlyduringdroughtperiodswhenwater


demandsareincreasedandflowsarediminished.ThecurrentBay‐DeltaPlandoesnotprovide


sufficientflexibilityintheprogramofimplementationtoaddresstheseandotherconditions.


In2008,theStateWaterBoardadoptedthe2008Bay‐DeltaStrategicWorkplan,whichprioritized


StateWaterBoard,CentralValleyRegionalWaterQualityControlBoard(CentralValleyRegional


WaterBoard)andSanFranciscoBayRegionalWaterQualityControlBoard(SanFranciscoBay


RegionalBoard)(collectivelyreferredtoasWaterBoards)Bay‐Deltaplanningandregulatory


activitiestoaddressenvironmentalandwatersupplycrisesintheBay‐DeltawithintheWater


Boards’authorities,includingthereviewandupdateoftheBay‐DeltaPlan.In2009,theStateWater


BoardconductedaperiodicreviewoftheBay‐DeltaPlan,andpreparedaPeriodicReviewStaff


ReportrecommendingfurtherreviewofexistingandpotentialnewBay‐DeltaPlanrequirements


including:DeltaoutflowandSuisunMarshparameters,variousinteriorDeltaflowlimits,floodplain


habitat,andmonitoringandspecialstudies.Inflowswereaddedtothewaterqualityplanning


considerationsconsistentwiththe2010DeltaFlowCriteriaReportfindingsthatproportionate


inflowsshouldgenerallybeprovidedfromtributariestotheDeltawatershedtoprovidefor
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continuityanddiversificationofflowsandincreasedDeltaoutflowsformigratoryandestuarine


species.


1.2.4 The Delta Reform Act and Delta Flow Criteria Report

TheLegislatureacknowledgedtheecosystemcrisisintheDeltawatershedinadoptingthe


Sacramento‐SanJoaquinDeltaReformActof2009(DeltaReformAct)(Wat.Code,§85000etseq.).


TheDeltaReformActcodifiedtwocoequalgoalsfortheDeltaofprovidingamorereliablewater


supplyforCaliforniaandprotecting,restoring,andenhancingtheDeltaecosystem,bothofwhich


aretobeachievedinamannerthatprotectsandenhancestheuniquecultural,recreational,natural


resourceandagriculturalvaluesoftheDeltaasanevolvingplace.Toachievethis,theDeltaReform


ActestablishedtheDSCandtaskedtheDSCwithdeveloping,adopting,andimplementingan


enforceablelong‐termplanfortheDelta.TheDSC’sDeltaPlan(DSC2013)includespoliciesthatare


legallybindingoncoveredactivitiesaswellasadvisoryrecommendations.2TheDeltaPlanidentified


reducingrelianceontheDeltathroughimprovedregionalself‐relianceforwaterandupdatingthe


Bay‐DeltaPlanflowandwaterqualityrequirementsaspriorityactionstoprotecttheDelta


ecosystemandthereliabilityoftheDelta’swatersupplies(DSC2013,p.19[WRP1andERP1]).The


DeltaPlancallsforadequateseawardflowsinDeltachannels,onaschedulemorecloselymirroring


historicalrhythms(natural,functionalflows),andspecificallyidentifiestheStateWaterBoardasthe


agencychargedwiththistaskunderitswaterrightsandwaterqualityauthority.3TheDeltaPlan


alsoidentifiestheDSC,togetherwithDWRandtheStateWaterBoardastheleadagenciesfor


achievingreducedrelianceontheDelta.Inaddition,theCaliforniaWaterActionPlan,issuedjointly


bytheCaliforniaNaturalResourcesAgency,CaliforniaDepartmentofFoodandAgriculture,andthe


CaliforniaEnvironmentalProtectionAgency,establishesactionstosustainablymanageCalifornia’s


waterresources.TheWaterActionPlanidentifiesimplementationoftheDeltaPlanandcompletion


oftheBay‐DeltaPlanupdateaskeyelementstoachievethecoequalgoalsfortheDelta.


ForthepurposeofinformingplanningdecisionsfortheDeltaPlanandotherefforts,theDelta


ReformActrequiredtheStateWaterBoardtodevelopnewflowcriteriafortheDeltaecosystemto


protectpublictrustresources.InAugust2010theStateWaterBoardcompletedatechnicalreport


ontheDevelopmentofFlowCriteriafortheSacramento‐SanJoaquinDeltaEcosystem(DeltaFlow


CriteriaReport).TheDeltaFlowCriteriaReportmadeanumberoffindingsandidentifiedspecific


criteriaforinflows,outflows,andinteriorDeltaflowsiffisheryprotectionwasthesolepurposefor


whichwaterswereputtobeneficialusewithoutconsideringtheneedforcoldwaterreservesand


balancingofsuppliesforotherbeneficialusesofwater.Thereportnotedthattherearemanyother


importantbeneficialusesthatthesewaterssupportsuchasmunicipal,industrial,agricultural,


hydropower,recreation,andotherenvironmentalusessuchaswetlandsandrefugewatersupplies




2TheDSChasauthoritytoensurethatcoveredactions–projects,plans,orprogramsthatoccurintheDeltaand

haveasignificantimpactonachievementofthecoequalgoals–areconsistentwiththeDeltaPlan.(Wat.Code,§§

85225,85057.5.)TheStateWaterBoard’sregulatoryactions,includingitswaterqualityandwaterright

proceedings,areexemptfromthedefinitionofcoveredactionsandtheDSC’sconsistencydeterminations.(Id.,§

85057.5,subd.(b)(1).)

3OnJune24,2016,theSacramentoSuperiorCourtruledtosetasidetheDeltaPlanandanyapplicableregulations


untilspecifiedrevisionsarecompletedtoincludequantifiedorotherwisemeasurabletargetsassociatedwith

achievingreducedDeltareliance,reducedenvironmentalharmfrominvasivespecies,restoringmorenaturalflows,

andincreasedwatersupplyreliability.TheDSCappealedandtheSuperiorCourt’sinvalidationoftheDeltaPlanis

stayedpendingthatappeal.
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thatmustbeconsideredwhendeterminingregulatoryflowrequirements.Thereportnotedthatthe


StateWaterBoardisrequiredbylawtoestablishflowandotherrequirementsthatensurethe


reasonableprotectionofbeneficialusesandthatinorderforanyflowrequirementstobe


reasonable,theStateWaterBoardwillconsiderandbalancecompetingusesofwaterinitsdecision‐


making.


Withrespecttospecificflowcriteria,theDeltaFlowCriteriaReportfoundthatflowcriteriashould


reflectthefrequency,duration,timing,andrateofchangeofflows,andnotjustvolumesor


magnitudesandproposedcriteriabasedonapercentageoftheunimpairedhydrographasawayof


achievingtheseattributes.TheDeltaFlowCriteriaReportspecificallyidentifiedaDeltaoutflow


criteriaof75percentofunimpairedDeltaoutflowfromJanuarythroughJuneandaninflowcriteria


of75percentofunimpairedSacramentoRiverinflowfromNovemberthroughJune.Thereportalso


identifiedcriteriaforincreasedfallDeltaoutflowinwetandabovenormalyears;fallpulseflowson


theSacramentoRiver;andinteriorDeltaflows.


TheDeltaFlowCriteriaReportfurtherfoundthatinflowsshouldgenerallybeprovidedfrom


tributariestotheDeltawatershedinproportiontotheircontributiontounimpairedflowandthat


studiesanddemonstrationprojectsfor,andimplementationof,floodplainrestoration,improved


connectivityandpassage,andotherhabitatimprovementsshouldproceedtoprovideadditional


protectionofpublictrustusesandpotentiallyallowforthereductionofflowsotherwiseneededto


protectpublictrustresourcesintheDelta.Thereportalsofoundthatitisimportanttoestablish


seawardgradientsandcreatemoresloughnetworkswithnaturalchannelgeometry.Thereport


emphasizedtheimportanceofastrongscienceprogramandaflexiblemanagementregimein


implementingflowrequirements.Thereportalsoincludedanumberofotherfindingsgermaneto


theStateWaterBoard’sBay‐DeltaPlanupdate,includingthefollowing:


 Theeffectsofnon‐flowchangesintheDeltaecosystem,suchasnutrientcomposition,


channelization,habitat,andinvasivespecies,needtobeaddressedandintegratedwithflow


measures.


 Thereissufficientscientificinformationtosupporttheneedforincreasedflowstoprotect


publictrustresources;whilethereisuncertaintyregardingspecificnumericcriteria,scientific


certaintyisnotthestandardforagencydecision‐making.


 RecentDeltaflowsareinsufficienttosupportnativeDeltafishesfortoday’shabitats.Flow


modificationisoneoftheimmediateactionsavailablealthoughthelinksbetweenflowsandfish


responseareoftenindirectandarenotfullyresolved.Flowandphysicalhabitatinteractin


manyways,buttheyarenotinterchangeable.


ThisScienceReportandtheproposedchangestotheBay‐DeltaPlanbuildonandrefinetheflow


criteriaconceptsidentifiedintheDeltaFlowCriteriaReportasdiscussedbelow.


1.2.5 Science and Technical Workshops to Inform Phase II

ToinformtheupdateoftheBay‐DeltaPlan,theStateWaterBoardheldaseriesofthree


informationalworkshopsin2012toreceiveadditionalinformationandconductdiscussions


regardingthescientificandtechnicalbasisforpotentialchangestotheBay‐DeltaPlan.The


workshopsfocusedon(1)EcosystemChangesandtheLowSalinityZone,(2)Bay‐DeltaFishery


Resources,and(3)AnalyticalToolsforEvaluatingtheWaterSupply,Hydrodynamic,and


HydropowerEffectsoftheBay‐DeltaPlan.Eachworkshopincludedtheparticipationofan
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independentexpertpanelorganizedbytheDeltaStewardshipCouncil’sDeltaScienceProgram


(DSP),technicalpresentationsbypanelsrepresentinginterestedparties,andpubliccomment.The


workshopsweresummarizedinareportthatcategorizedissuesintoareasofagreement,


disagreement,anduncertainty(ICF2013).TheStateWaterBoardrequestedinputfromtheDSP


leadscientistontheareasofdisagreementoruncertaintythatshouldbefurtherprioritizedfor


evaluationtoinformthePhaseIIupdateoftheBay‐DeltaPlan.Deltaoutflows,interiorDeltaflows,


andpredationwereidentifiedasissuesthatshouldreceiveadditionalreview.Asaresultofthis


recommendation,theStateWaterBoardcollaboratedwithDSPtoholdtwoindependentscience


workshopsonDeltaOutflowsandRelatedStressors(February2013;summarizedinReedetal.


2014)andInteriorDeltaFlowsandRelatedStressors(April2014;summarizedinMonismithetal.


2014).AnadditionalindependentscienceworkshopwasheldbytheCaliforniaDepartmentofFish


andWildlife(CDFW),DSP,andtheNationalMarineFisheriesService(NMFS)toaddressfish


predationonCentralValleysalmonidsintheBay‐Deltawatershed(July2013;summarizedin


Grossmanetal.2013).


Theinformationpresentedineachoftheseworkshopsaswellasthesummaryreportshave


informedthedevelopmentofthisScienceReport.Numerouspartiesparticipatedandcontributed


valuableinputintheworkshopsandotherprocessesdescribedabove.TheStateWaterBoard


appreciatesthecontinuedeffortsandpublicinputasreconciliationoftheBay‐Deltaecosystemwill


requireanunprecedentedlevelofcoordinationandcooperationwithinterestedparties,including


theDSP,fisheriesandwatermanagementagencies,waterusers,environmentalgroups,andother


parties.


1.3 Response to Comments on Working Draft Report

TheStateWaterBoardreceivedwrittencommentsthroughDecember16,2016,ontheOctober


2016workingdraftversionofthisScienceReportandheldatechnicalworkshoponDecember7,


2016,tohearrecommendationsfromthepublicandotheragenciesregardinganyadditional


scientificinformationthatshouldbeconsideredduringdevelopmentofthefinalScienceReport.


Belowisasummaryoftheprimarytopicsraisedbycommentersontheworkingdraftandhow


thesecommentshavebeenaddressedinthisversionoftheScienceReportorwillbeaddressedin


upcomingrelatedprocesses.


1.3.1 Flow Requirements

Duringtheworkshopandinthewrittencomments,therewassignificantdiscussionregardingthe


proposedapproachtodevelopingflowrequirements,includinguseofunimpairedflows.Many


commenters,includingCDFW,NMFS,andtheU.S.FishandWildlifeService(USFWS)(collectively


“fisheriesagencies”),weresupportiveoftheproposedapproach,butothersrequestedmoreclarity


ontheuseofunimpairedflowsandtheconceptualframeworkforchangestoflowrequirements.In


particular,somecommentersarguedforafunctionalflowapproachandtheconsiderationof


tributaryspecificcircumstancesandagreementswhileothersfocusedonthedifferencesbetween


unimpairedflowsandnaturalflows.Othercommentersexpressedconcernsabouttheproposed


newDeltaoutflowrequirementsassumingthatthoserequirementswouldonlybeimplementedby


theProjects.ThisReportprovidesadditionalclarityregardingtheStateWaterBoard’sproposed


approachforestablishingenvironmentalflowsthatisbasedonaholisticmethodologythat
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recognizestheimportanceoftheflowregimeandprovidingfornaturalflowfunctionsthataddress


theecosystemasawholeincontextwithhumanneedsforwater.


Forinflow,theuniqueneedsandcircumstancesofindividualtributariesarerecognizedand


appropriateadaptivemanagementprovisionswillbeproposedtoaddressthese.Whiletributary


inflowrequirementswereoriginallyrecommendedtobebasedonanumericrangeofpercent


unimpairedflowineachtributary,thenumericinflowrequirementsarenowproposedascombined


inflowsfromthetributarieswithinarangethatprovidesmoreflexibilityfortributariestowork


togethertomeetecologicalandoperationalneeds.Thisinflowrequirementwouldbeimplemented


throughtributaryorregionalimplementationplanstailoredtoeachtributary’sorregion’sspecific


circumstances.Thetributaryplanswouldberequiredtomeetanarrativeobjectivethatdescribes


theecologicalpurposeofinflowrequirementsandtocontainaflowelementthatgenerallyprovides


thesamequantitiesofflowasthenumericobjective.Thetributaryplanswouldthenprovideforthat


quantityofflowtobesculptedandshapedasnecessarytomaximizebenefitsforfishandwildlife


withinthetributaryandDelta,includingmanagementofcoldwaterresources.Thetributaryplans


mayalsoincludecomplementarynon‐flowmeasuresthatwillhelptomeetthenarrativeobjective,


potentiallyatthelowerendoftherange.Theplanswouldberequiredtoincludeprovisionsfor


droughtaswellasmonitoring,reporting,andevaluationprovisions.TheStateWaterBoard


recognizesthelocalexpertiseandingenuitywithinwatershedsandthefactthatcoordinationand


cooperationwithinterestedpartiesiscrucial.Assuch,tributaryplansmaybeproposedthrough


voluntaryagreementswithlocals,providedthatthoseagreementsmeettheinflowrequirements


andotherrequirementsregardingrigor.Wherevoluntaryagreementsarenotreached,theState


WaterBoardwoulddeveloptheplanswithinputfromstakeholdersandotheragencies.


CommentsonrecommendednumericDeltaoutflowrequirementswerecriticalofvarioustechnical


aspectsoftherecommendation.IntheworkingdraftScienceReport,recommendedrevisedDelta


outflowrequirements(modificationstoTable4oftheexistingBay‐DeltaPlan)wouldbedetermined


throughacomplexequationsimilartotheexistingDeltaoutflowrequirementsbutupdatedtothe


currentmonth’shydrologyratherthanthepriormonth’stobetterlinktheDeltaoutflowandinflow


requirements.Somecommentersexpressedconcernsovertheoperationalfeasibilityofsuchan


outflowrequirementundertheassumptionthattherequirementwouldlargelybeimplementedby


theProjectsandthepotentialforoverburdeningcertaintributaries.Inresponsetothesecomments


andtobetterintegratetheinflowandoutflowrequirements,whilealsoprovidingflexibility,the


proposedoutflowrequirementshavebeenreplacedbyan“inflow‐basedDeltaoutflow”


requirement.Theproposedrequirementspecifiesthatrequiredinflowsbeprovidedasoutflows


withappropriateadjustmentsforotheraccretions(e.g.,YoloBypassinflows)anddepletions(e.g.,


evapotranspirationandseepage).Similartotheinflowrequirements,aplanforaddressingthe


varioustechnicalaspectsofcompliancewiththeDeltaoutflowrequirementswouldbeproduced


withDeltawaterusers(includingtheProjects),fisheriesagencystaffandothertechnicalexperts.


TheplanforimplementingDeltaoutflowswouldnecessarilyinteractwiththetributaryplans


discussedabove.Theplanwouldalsoberequiredtoaddresslong‐standingtechnicalissueswith


measurementandcompliancewithDeltaoutflows,includingmeasuringandaccountingfor


depletionsandaccretionsintheDelta,whichcurrentlyrequireimprovementasdiscussedin


Chapter2.InresponsetocommentsthatthediscussionoftheeffectofDeltaoutflowshouldnotbe


limitedtoitseffectsontheDeltaandSuisunBay,Section3.2.3wasaddedtodiscussthephysicaland


biologicaleffectsofDeltaoutflowonSanFranciscoBayandthenearshorecoastalocean.
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1.3.2 Adaptive Management

Manycommentersexpressedsupportforadaptivemanagementprovisionsbutrequestedmore


specificityonhowadaptivemanagementwillbeimplemented.Commentsfocusedonstrikingthe


rightbalancebetweenflexibilityandaccountability.TheStateWaterBoardagreesthatstrikingthe


rightbalancewillbecritical.Provisionswillneedtobeflexibleenoughtoaddressthecomplexities


ofthiswatershed,climatechange,andnewandchanginginformationinacollaborativefashionthat


providesfortimelyanddurablesolutions.Atthesametime,thoseprovisionswillneedtobe


rigorousenoughtoensuremeaningfulactionandthereasonableprotectionoffishandwildlife.The


programofimplementationwillincludespecificadaptivemanagementprovisionsand


requirements,monitoring,reporting,andevaluationmeasures,includingprovisionsforthe


developmentofbiologicalgoalsbywhichsuccessatachievingthenarrativeobjectiveswillbe


measuredthatwillinformadaptivemanagementofthenumericrequirements.Guidelinesforthese


measureswillbeincludedintheprogramofimplementationwithspecificmeasuresthatmustbe


includedinthetributaryandDeltaimplementationplans.Processeswillbeestablishedforregular


planning,review,andadjustmentofimplementationmeasuresbasedonnewinformationand


changingconditions.TheStateWaterBoardwillcontinuetoworkwiththeDSC,DSP,DeltaISB,


fisheriesagencies,andotherstoensurethatadaptivemanagementandassociatedmonitoring,


reporting,andassessmenteffortsaresufficientlyrigorous.TheStateWaterBoardwillspecifically


worktocoordinateupstreamactionsontributarieswithdownstreamDeltascienceactivitiesandto


supportacommonDeltascienceprogramasrecommendedbytheDeltaISBinitscommentsonthe


workingdraftScienceReport.TheStateWaterBoardagreesthatacommonscientificandtechnical


programwillgreatlysupporttheeffectivenessofenvironmentalflowregulations,whether


implementedthroughvoluntaryagreementsorothermechanisms.


1.3.3 Climate Change

InitscommentsontheworkingdraftScienceReport,theDeltaISBnotedthattoaddressclimate


changeeffects,“longer‐termadaptability,particularlyinimplementingregulations,willrequire


strategicchangesinregulatoryphilosophyandmethods.”ExistingandpriorBay‐DeltaPlan


requirementswerewritteninarigidandlargelyunadaptablemannerrequiringalengthymultistep


processtoadjustthatpresentedchallengestoimplementeffectivelyatthewatershedlevel.The


proposedchangestotheBay‐DeltaPlanaremeanttoaddresstheseissueswhilealsoretainingsome


ofthemorerigidbackstopsfromthecurrentBay‐DeltaPlan.


Theproposedapproachforenvironmentalflowsisamajorshiftinregulatoryphilosophyand


methods,meanttoaddresstheeffectsofclimatechangeandotherneedsforadaptivemanagement


torespondtonewandchanginginformationandconditions.Inparticular,theproposedapproach


forinflowsandtheinflow‐basedoutflowrequirementsscaletowateravailabilityinawatershed


thatmaychangeasaresultofclimatechangeallowingtheStateWaterBoardtoreasonablyprotect


theenvironmentwhileconsideringotherusesofwater.Arangeforenvironmentalflowsprovides


foradjustmentthatmaybeneededtoprovidemoreprotectionfortheenvironmentormore


considerationoflimitedwateravailabilityduetodroughts.Sculptingandshapingofflowsis


providedinrecognitionthatrainfallandsnowmeltpatternshavechangedandwillcontinueto


change,ashasthephysicalenvironment,andthatconsiderationofandadaptationtothesechanges


areneededtoprotectnativefishandwildlife.Inaddition,coldwaterhabitatrequirementsare


proposedandemphasizedinresponsetothesesameissues.Theserequirementsacknowledgethat
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differenttoolsmaybeneededtoaddressclimatechangeandotherfactors,includingcoldwaterpool


managementinreservoirs,passageprojects,riparianreforestation,andothermeasures.


TheStateWaterBoardalsoacknowledgesthatactionsbyotherswillbeneededtoaddressclimate


change,physicalchangestotheenvironment,andotherissuesandthattheStateWaterBoardhasa


roleinpromotingandsupportingthoseactions.TheDeltaISBspecificallyrecommendedthatthe


ScienceReportdiscusstheeffectofclimatechangeonhydrologicconditionsintheDeltaandnear


termmanagementactionsthatmightbetakennowtosustainnativefishandtheaquaticecosystem


inthelongterm.Potentialmanagementactionsincludepurchasinglandtopreparetidalmarshes


andotherhabitatsforhighersealevellateranddevelopingplansforchangingwatertemperature


controlsatdamsandotherinfrastructuresfacilitiestoaccommodateincreasesinwatertemperature


inthefuture.


InresponsetotheDeltaISB’scomments,Section4.6wasrevisedtomorefullydescribetheeffectof


climatechangeonthehydrologyintheDeltaandhowthesechangesmighthavecascadingeffectson


fishandfoodwebs.Thesectionendswithrecommendedmanagementactionsthatmightbetaken


nowtoamelioratethelong‐termeffectsofclimatechange.Section4.3.4wasalsoexpandedwith


recommendationsonadditionalmonitoringandmodelingthatshouldbeundertakeninreservoirs


anddownstreaminriverchannelstotheDelta.Comprehensivereservoirandstreamtemperature


monitoringandmodelingisneededtoprovideabetterestimateofthemagnitudeandtemperature


ofthecoldwaterpoolavailableatindividualreservoirsfordownstreamprotectionofsalmonid


spawningandrearing.Developmentofthermalmassbalancemodelstopredictrealtime


temperaturesinriverchannelsbetweenreservoirsandtheDeltawouldprovidequantitative


informationonthefactorsresponsiblefortemperaturechangesandhowthesemightbebetter


managednowandinthefuturewithclimatechangetoprotectnativefishspecies.


1.3.4 Water Temperature

Initscomments,theDeltaISBrecommendedmoreemphasisonmanagingwatertemperature,


including(1)furtherassimilationandsynthesisoffishtemperaturerelationshipsandhowthe


informationmightbeusedinmanagement;(2)ongoingtemperaturecollection,modeling,and


monitoringeffortsinmajorriverstoinformfuturemanagement;and(3)recommendationsfor


researchtoaidmanagementofwatertemperatureinrealtime.Inaddition,severalcommenters


notedthatthethermalrequirementsforsalmonidswerescatteredthroughoutthedocumentand


requiredclarification.


Section3.4.2.1,describingChinooksalmonlifehistories,wasrevisedandnowincorporatesallthe


thermalrequirementsofeachlifestageinonelocation.Inaddition,anewSection3.4.4waswritten


ondamandreservoireffectsonsalmonids.ThesectiondescribesthelimitingfactorsforChinook


salmonbelowmajordamsandidentifiesmaintainingcoldwaterstorageasaprimaryfactorlimiting


theabilityofreservoirstomeetwatertemperaturerequirementsforspawningandrearing,


especiallyduringdroughtsandcriticallydryperiods.Thesectionrecommendsadditional


temperaturemonitoringandmodelingtobetterunderstandthefactorsinfluencingthermal


dynamicsinreservoirsanddownstreamchannels.Calibratedmodelswillprovidequantitative


informationonthefactorsresponsiblefortemperaturechangesandmaysuggestreal‐timeoptions


formanagingthesysteminthefuturewithclimatechangetoprotectnativefishspecies,including


implementationoftheproposedcoldwaterhabitatrequirement.
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1.3.5 Non‐Flow Stressors

TheDeltaISBcommentedthatmoreinformationandagreaterscientificunderstandingofnon‐flow


stressorscouldprovideabetterbasisfornegotiatedagreementsamongresponsibleentities.Other


partiesrequestedmorequantitativeinformationontheeffectofnon‐flowstressorsonnativefish,


oninteractionsofeachstressorwithflow,possiblemethodsforreducingtheeffectofstressors,and


identificationofagenciesresponsibleforregulatingstressors.Inresponsetothesecomments,


Chapter4wasupdatedwithanemphasisonastrongerproblemstatementforeachstressorthat


describesitseffectontheaquaticecosystem,interactionswithflow,identificationofactionsthatare


beingtakenorshouldbetakentoaddressthoseissuesandidentificationofwhoisorshouldbe


doingthatwork.WhiletheDeltaISBrequestedquantitativeassessmentsoftheeffectsofdifferent


stressorsonnativespeciesabundanceandtheecosystem,thisinformationisnotreadilyavailable


formanystressors.Whenpossible,however,thisinformationisprovided.Thechapterendswitha


strongerconclusionsectionsummarizingcriticalnon‐flowissues,andpotentialactionstoaddress


problems.Thisinformationwillinformthedevelopmentofrecommendationsforotherentitiesin


theprogramofimplementation.


1.3.6 New Science and Uncertainty

AnumberofcommentletterssuggestedthattheScienceReportreviewandincludemorerecent


informationinatleastthreeareas.First,theCollaborativeAdaptiveManagementTeam’s(CAMT)


SalmonidScopingTeamreleasedtheirGapAnalysisReportinearly2017.Amongotherthings,this


reportsummarizesthemostrecentinformationonsalmonsurvivalintheinteriorDelta.Second,


Fongetal.(2016)publishedresultsoncorrelationsbetweenpyrethroidinsecticideuseinthe


CentralValleyandDeltaandindicesofnativespecies.Theanalysissuggeststhatpyrethroid


insecticidesmaybeacontributortofishpopulationdeclinesintheDelta.Finally,recent


investigationsintothecauseofloweggtofrysurvivalbelowShastaReservoirforwinter‐run


Chinooksalmonindicatesthatexistingtemperaturerequirementsmaynotbesufficientlyprotective


andmayneedtobemodifiedtoaddresselevatedembryomortality.


Section3.4.5.2wasmodifiedtoincludenewinformationonsalmonidsurvivalintheinteriorDelta


fromtheSalmonidScopingTeamGapAnalysisReport.Thenewfindingsdonotsignificantlychange


anyoftheflowproposalsinChapter5.However,inrecognitionthatinformationcontinuestoevolve,


theproposedinteriorDeltaflowrequirementsdiscussedinChapter5havebeenrefinedtoprovide


flexibilitytoaddresschanginginformation.Section4.3.1.1wasexpandedtoincludeadiscussionof


thepotentialimpactofpyrethroidinsecticidesonnativespecies.Regularmonitoringforpyrethroids


intheDeltaandspecialstudiestodeterminetheireffectonfishandwildlifehealthare


recommended.Finally,anewSection3.4.4wasaddedondamandreservoireffectsonsalmonids.


Thenewinformationontemperature‐relatedembryomortalityisdiscussedthere.Asnoted


previously,anewrecommendationismadeforadditionaltemperaturemonitoringandmodelingin


reservoirsandinriverchannelsdownstreamofreservoirstotheDelta.Thesestudiesmayprovide


additionalinformationonhowtomanagereservoircoldwaterstorageandthedownstreamsystem


bettertoavoidthermalimpactsandwillinformimplementationofthecoldwaterhabitat


requirementdiscussedbelowandinmoredetailinChapter5.


SeveralcommentersrecommendedthattheScienceReportprovideestimatesofuncertaintyforthe


flowabundanceandlogisticregressionanalysesinChapter3inaccordancewiththeDSP
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independentpanelreportonDeltaoutflows(Reedetal.2014).Inresponse,theReportnowincludes


95percentconfidencelimitsforallgraphsofstatisticalanalysesinChapter3.


1.4 Potential Modifications to the Bay‐Delta Plan

FollowingisageneralsummaryofproposedchangestotheBay‐DeltaPlantoreasonablyprotectthe


Bay‐Deltaecosystemandassociatednativefishandwildlifebeneficialusesaswellasabrief


discussionregardinghowtheseproposedchangesinteractwithotherrelatedprocesses.The


proposedchangesreflectagencyandpubliccommentsontheworkingdraftScienceReport.The


exactlanguageofproposedchangestotheBay‐DeltaPlanwillbedeterminedbasedonthefinal


ScienceReportandenvironmental,economic,andotheranalysespreparedtodeterminewhatis


reasonablyneededtoprotectfishandwildlifeinconsiderationofalloftheinformationbeforethe


StateWaterBoard.Thepolicyandimplementationdiscussionisprovidedforcontextanddoesnot


containnewscientificfindingsthatrequirescientificpeerreviewunderHealthandSafetyCode


section57004.ThecategoriesofpotentialchangestotheBay‐DeltaPlaninclude:SacramentoRiver


andDeltaeastsidetributary(Mokelumne,Cosumnes,andCalaverasRivers)inflows,Deltaoutflows,


coldwatermanagementandinteriorDeltaflows,aswellasassociatedadaptivemanagement,


monitoring,evaluation,andreportingrequirementsandrecommendationstoothersforactionsthey


shouldtaketoaddressecosystemstressorsandcomplementtheflowactions.Togetherthe


proposedchangestotheinflow,outflow,coldwaterhabitatandinteriorDeltaflowprovisionsofthe


Bay‐DeltaPlan,alongwithotherhabitatrestorationactionsareproposedtoworktogetherto


providecomprehensiveprotectiontonativeaquaticspeciesfromnatalstreamsthroughtheDelta


andBay.TotheextentthatexistingBay‐DeltaPlanrequirementsarenotmentioned,nosubstantive


changesarerecommendedtothoserequirementsatthistime.


1.4.1 Coordination with Other Science, Planning, and

Regulatory Efforts

ThisScienceReportincludesvariousproposedmodificationstotheBay‐DeltaPlanthatarerelated


tootherplanning,science,andregulatoryefforts.Specificallythereportincludesrecommendations


thatareconsistentwithrequirementsincludedinthe2008USFWSand2009NMFSBiOpsonthe


Long‐TermOperationalCriteriaandPlan(OCAP)forcoordinationoftheCVPandSWP(USFWSBiOp


andNMFSBiOp,respectively)andthe2009CDFWIncidentalTakePermit(ITP)forlongfinsmelt


issuedtoDWRfortheongoingandlong‐termoperationoftheSWP(CDFWITP).AnyBay‐DeltaPlan


requirementsthatarerelatedtotheUSFWSandNMFSBiOps,CDFWITP,orotherregulatory


requirementsareproposedtobecoordinatedtoavoidunnecessaryredundancyandinefficiencies


whileensuringthattheStateWaterBoardmeetsitsobligationstoreasonablyprotectfishand


wildlifebeneficialuses.


TheStateWaterBoardwillcontinuetocoordinatewiththeDSPandDeltaISBasappropriate


throughcompletionandimplementationofupdatestotheBay‐DeltaPlan.TheStateWaterBoardis


alsocommittedtocollaboratingandcoordinatingwithotherscienceeffortsincludingtheDeltaPlan


InteragencyImplementationCommittee(DPIIC),InteragencyEcologicalProgram(IEP),the


CollaborativeScienceandAdaptiveManagementProgram(CSAMP)andotherefforts.Inparticular,


theStateWaterBoardisinterestedininputfromthesegroupsonadaptivemanagement,


monitoring,reporting,andanalysisefforts.
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TheStateWaterBoardrecognizesthatecosystemrecoveryintheDeltadependsonmorethanjust


adequateflows,andthatamulti‐facetedapproachisneededtoaddressDeltaconcernsandreconcile


analteredecosystem.The2006Bay‐DeltaPlanrecognizedthatthereareongoingeffortsbystate


agencies,thefederalgovernment,andagricultural,urban,andenvironmentalintereststoidentify,


fund,andimplementmeasurestoaddressmultipleotheraquaticecosystemstressors,including


improvingfisheriesmanagement,addressinginvasiveandnonnativespecies,andrestoringand


protectinghabitat.Aspartofthisupdateprocess,manypartiesprovidedsignificantamountsof


informationregardingotheraquaticecosystemstressorsandpotentialactions.Thisinformationwill


helpinformrevisionstoBay‐DeltaPlan,includingrecommendationtootherentities.Thereare


variousplanningandimplementationactivitiesthatareunderwayorcurrentlybeingplannedby


otheragenciesthattheStateWaterBoardalsoplanstocoordinateandcollaboratewithincluding


measuresincludedinthe:CaliforniaWaterActionPlan;speciesRecoveryPlansrequiredbytheESA;


CaliforniaEcoRestore;theWaterQuality,Supply,andInfrastructureImprovementAct;andothers.


SuccessfulimplementationoftheseactivitiesisexpectedtocomplementtheStateWaterBoard’s


waterqualitycontrolplanningandimplementationeffortsandwillinformadaptivemanagement


decisionsregardingneededflowsandoperationalmeasures.


1.4.2 Environmental Flows, Adaptive Management and

Biological Goals

Thereareseveralmethodsfordeterminingflowsneededfortheprotectionofaquaticecosystems.


Chapter5generallydescribesthesedifferentmethodsandrecommendsanapproach,referredtoas


aholisticflowapproach(discussedinmoredetailinChapter5),inwhichflowsaredevelopedto


addresstheecosystemasawholethatgenerallyresemblethenaturalflowregimetowhichnative


speciesareadaptedwhileprovidingfordeviationfromthenaturalflowregimeinwatershedsthat


havebeenhighlyalteredandsupportavarietyofbeneficialuses.Thisapproachisproposedtobe


implementedinaflexiblewaythatrecognizestherealitiesofthiscomplexwatershedandclimate


changewhilealsorecognizingtheneedforexpedientaction.Newinflowandcoldwaterhabitat


requirementsareproposedfortheSacramentoRiveranditstributariesandeastsidetributariesto


theDelta,andnewandmodifiedDeltaoutflowsandinteriorDeltaflowrequirementsareproposed,


aswellascomplementaryactionstoaddressotherstressorsandmonitoring,evaluation,and


reportingrequirements.


Manyofthestreamsunderconsiderationhavenoinflow,coldwaterhabitatorDeltaoutflow


requirements.Whererequirementsdoexisttheymayonlybeforpartsoftheyearormaybe


inadequate,particularlywithrespecttocontributiontoDeltaoutflows.Theproposedinflow


requirementswouldestablishaunitingregulatoryapproachforinstreamflowrequirementsforall


salmonidbearingtributariesintheBay‐Deltawatershedfortheentireyearthatprovidesfor


contributoryDeltaoutflowsandmaintenanceofcoldwaterhabitat.Theapproachisstructuredto


addresstherealityoftheexistingalteredhydrologyandlandscapeinwhichtheseflow


requirementswillbeestablishedandtherealitythatflowsarealsoneededforavarietyofpurposes.


Simplyput,undertheproposedapproach,aportionoftheinflowtoawatershedwouldbededicated


toenvironmentalpurposes.Thisdedicatedquantityofenvironmentalflowswouldthenbeprovided


basedontheuniqueneedsandcircumstancesofeachtributaryandonaregionalbasistoprovide


forcriticalfunctionswithinthestreamsandascontributoryflowstotheDelta.
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Theenvironmentalflowsarederivedfromtheunimpairedflowofawaterbodythatcouldbe


implementedbasedonthespecificneedsandcircumstanceswithineachtributary.Unimpairedflow


representsthetotalamountofwateravailableataspecificlocationandtime,apercentageofwhich


canbeallocatedtobeneficialusesandtheenvironmentalfunctionssupportingthoseuses.Ina


regulatorysetting,useofunimpairedflowsallowstheStateWaterBoardtoallocateacertain


amountoftheavailablesupplyofastreamtotheenvironmentwhilerecognizingotherconsumptive


usesofwater.Whileunimpairedflowisnotthesameasnaturalflow,itisgenerallyreflectiveofthe


frequency,timing,magnitude,anddurationofthenaturalflowstowhichfishandwildlifehave


adapted.Whereunimpairedflowsmaynotentirelyprovidefornaturalflowfunctions,thoseflows


maybeshapedandsculptedundertheproposedapproach.Rangesfortheunimpairedflowsand


flexibilityinimplementingflowswhileachievingthenarrativeinflowrequirementareproposedto


addressspecificneedswithintributaries,climatechange,droughtcircumstances,coldwaterneeds


andotherfactors.


Thenumericinflowandassociatedoutflowrequirementmaybeimplementedinavarietyofways


dependingonthespecificneedsforflowtoprovidemaximumbenefitstofishandwildlife,including


targetedpulsestocuemigration,summercoldwaterreleases,baseflowsandotherfunctions.Flows


couldbeimplementedinamannerthatgenerallyfollowsunimpairedflowsinwatershedswhere


thereislittlealterationtothelandscapeandwheresuchflowswouldprovideforthenatural


functionalconditionstowhichnativespeciesareadapted.Inmorephysicallyalteredwatersheds,


thepatternoftheseflowswouldlikelybemodifiedfromunimpairedtoachievespecificfunctions.


Withincreasingclimatechange,itisexpectedthatfurthersculptingandshapingofflowswouldbe


needed.Newandexistingtoolscouldbeusedforshapingtheflowsbasedontheavailabilityof


informationforawatershed(e.g.,specificinstreamflowstudies,presenceofreservoirs).Monitoring


andspecialstudieswouldtheninformadaptivemanagementoftheenvironmentalflows.Biological


goalsthatincorporate“SMART”(specific,measurable,achievable,relevant,andtime‐bound)


principlesthataretiedtocontrollablefactorswithinspecificwatershedsareproposedtobe


developedasabaragainstwhichflowandothermanagementactionsaremeasuredfordetermining


adaptivemanagementactionsandassessmentofflowandotheractions.Thespecific


implementationparametersforuseofunimpairedflows,adaptivemanagement,andbiologicalgoals


arebeingdevelopedinthedraftproposedwaterqualityobjectivesandprogramofimplementation


language.


1.4.3 Tributary Inflows

Thisreportdescribesthesciencesupportingproposedinflowrequirementsfortributariestothe


SacramentoRiverbasinandDeltaeastsidetributariestoprotectfishandwildlifebeneficialuses.


ThesetributariesaredisplayedinFigure1.4‐1.
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Figure 1.4‐1. Major Tributaries of the Sacramento River and Eastside Tributaries to the Delta
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InflowstotheBay‐Deltaarehighlymodifiedbyupstreamwaterwithdrawalsandreleasesforwater


supply,powerproduction,andfloodcontrol,aswellasbychannelmodificationsandobstructions,


inwaysthatadverselyaffectfishandwildlife.Currently,therearenoinflowrequirementsincluded


intheBay‐DeltaPlanfortheareawiththeexceptionofminimalfallSacramentoRiverinflow


requirementsatRioVista.Existingoutflowrequirementsresultininflows;however,onlythe


ProjectsareresponsibleforthoserequirementsandthemeansbywhichtheProjectsachievethose


requirementsandotherProjectpurposescanbeincompatiblewithotherfishandwildlifeneeds


withinthetributaries,includingpreservationofcoldwaterresources.Therearesomeflow


requirementsforothertributaries,butthoserequirementsarenotconsistentbetweentributariesor


coordinatedwithBay‐DeltaPlanDeltaoutflowrequirements.Sometributariesalsohaveno


environmentalflowrequirementsatall.Whileconditionsmaycurrentlybeprotectiveoffishand


wildlifeinsomeofthesetributaries,flowrequirementsmaybeneededtopreventfutureimpactson


fishandwildlife.Inaddition,someofthesetributariesmaydryupattimesofyearimpactingfish


andwildlifeduetothelackofflowrequirementsandothersmayhaveinadequateflowandwater


qualityconditionstoprotectfisheriesresources.Accordingly,thescienceandrecommendationsfor


inflows,outflows,coldwaterhabitat,andinteriorDeltaflowsarenecessarilyinterconnected.


ThisReportdescribeshowyear‐roundinflowrequirementsareneededtoprovideforecological


processesincludingcontinuityofflowsandspecificallytoprotectanadromousandotherfishand


wildlifespeciesthatinhabittheBay‐Deltaanditstributariesthroughouttheyearasjuvenilesor


adults.Thoseinflowsareneededtoprovideappropriatehabitatconditionsformigrationand


rearingofanadromousfishspecies(primarilyChinooksalmonandsteelhead)thathaverunsthat


inhabittheDeltaanditstributariesallyear.ThoseflowsarealsoneededtocontributetoDelta


outflowstoprotectestuarinespecies.TheReportspecificallyfindsthatflowsareneededthatmore


closelymimictheconditionstowhichnativefishspecieshaveadapted,includingthefrequency,


timing,magnitude,anddurationofflows,aswellastheproportionalityofflowsfromtributaries.


Theseflowattributesareimportanttoprotectingnativespeciespopulationsbysupportingkey


functionsincludingfloodplaininundation,temperaturecontrol,migratorycues,reducedstranding


andstrayingandotherfunctions.Providingappropriateflowconditionsthroughoutthewatershed


andthroughouttheyeariscriticaltogeneticandlifehistorydiversitythatallowsnativespeciesto


distributetherisksthatdisturbancesfromdroughts,fires,disease,foodavailability,andother


naturalandhumanmadestressorspresenttopopulations.Giventhealteredphysicalandhydrologic


stateofthewatershed,theScienceReportacknowledgesthatadaptivemanagementshouldbe


providedtomaximizetheeffectivenessofflowmeasuresandtorespondtoadditionalscienceand


changingconditions.


Asdiscussedabove,theproposedchangestoinflowrequirementsandotherrequirementsare


structuredtoprovidenecessaryflexibilityandadaptivemanagementprovisionstoaddressthe


complexitiesofinflowneedsandconstraintsinthewatershedinareasonableandprotective


manner.Theproposednewinflowobjectivesareexpressedbothnumericallyandnarratively.4The


narrativeportionoftheobjectivesdescribestheinflowconditionsnecessarytoreasonablyprotect


nativefishpopulations,includingthroughcontributiontoDeltaoutflowstoprotectestuarine


speciesasdiscussedbelow.Thenewnumericinflowobjectiveisproposedtoreasonablyprotect


nativefishpopulations,includingbyimplementingthenarrativeobjectiveandintegratinginflows




4TheexistingSacramentoRiveratRioVistainflowrequirementsduringSeptemberthroughDecemberwouldbe


retainedinordertomaintaintheminimallevelofprotectioncurrentlyprovidedbythesebaseflows.
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andoutflowsinacomprehensivemanner.Thenumericinflowrequirementwouldrequirea


combinedamountoftheinflowfromtheSacramentoRiver,itstributaries,andtheDeltaeastside


tributariestoremaininthestreamforenvironmentalflows.Theproposednumericrequirements


maybemanagedasablockofwaterfortheenvironmenttoprovidefunctionalandother


scientificallybasedflowregimes.Thatblockwouldbeestablishedbasedonapercentageofthe


inflowstothewatershedsassumingtherewerenodiversionsoccurring(unimpairedflows),thereby


allocatingaportionofthewaterinthewatershedtotheenvironmenttobemanagedtooptimize


benefitsforfishandwildlifeforinflowandoutflowpurposes(percentofunimpairedflow


requirement).Throughadaptivemanagement,unimpairedflowscouldbesculptedtoprovide


maximumbenefitstofishandwildlife,includingtargetedpulsestocuemigration,summercold


waterreleases,baseflows,andotherfunctions.Theproposedinflowrequirementsarealso


specificallyintendedtoprovideforincreasingthefrequencyanddurationoffloodplaininundation


toimproveecologicalfunctionsintheBay‐Deltaforthebenefitofnativespecies.Theadaptive


managementprovisionsoftheinflowandoutflowrequirementswillprovideforfloodplain


inundationandtheaccountingandotherfactorsneededforthattooccur.Preservationofflowlevels


insomelessimpairedtributariesisalsoproposedwhereexistingflowsareprovidingimportant


functions.Thiswillensurethatthoseflowsarenotreducedandthuswillmaintainexisting


protectiveconditions.


Thenumericinflowrequirementisproposedtoincludearangefortheflowssuchthatflowlevels


couldbeadjustedupordownwithintherangeinordertoaddresstheuniqueneedsandconditions


ofthetributaries(includingcoldwaterpoolneeds),changinginformation(newscience)and


changingconditions(implementationofnon‐flowmeasures,drought,etc.)inawaythatreasonably


protectsfishandwildlife.Theproposedrangefortheinflowobjectivehasnotyetbeendetermined


andwillbedeterminedafterconsideringtheinformationinthisScienceReport,alongwith


informationtheStateWaterBoardneedstoconsider.Thisincludesthepast,present,andfuture


beneficialusesofwater;theenvironmentalcharacteristicsofthehydrographicunitunder


consideration;economicconsiderations;environmentaleffectsofalternatives;publiccomments;


andotherinformation.Therangeunderconsiderationisfrom35to75percentofunimpairedflows


andgenerallydoesnotprovideforflowslowerthanexistingconditions.Insometributarieswhere


flowsarecurrentlysignificantlyimpaired,thesenewinflowrequirementsareneededtoimprove


conditionsforfishandwildlifeinthosetributariesandtoprovideforconnectivityandcontributionof


flowtotheDelta.Inothertributarieswhereflowsarelessimpaired,newinflowrequirementsare


neededtoensurethatthoseflowsdonotbecomeimpairedtothedetrimentoffishandwildlife.


Theexactmethodbywhichtheflowswillbeachievedhasnotbeendetermined.Theprogramof


implementationwouldrequirethedevelopmentoftributaryplans(discussedinmoredetailin


Chapter5),containingaflowelementthatwillachievethenarrativerequirementandfallwithinthe


rangeofthenumericrequirement.Aspecifictributaryflowmayfalloutsideoftherangeofthe


numericiftwoormoretributariesworktogethersuchthattheircombinedflowsmeetthenumeric


requirementandthespecifictributaryflowstillmeetsthenarrativerequirement(e.g.,maintain


connectivityandcontributetooutflow).Inrecognitionofthelocalexpertisewithintributariesand


thepotentialbenefitofcollaborativesolutions,theprogramofimplementationwouldprovidea


periodoftimeforregionalandtributary‐basedflowandothermeasurestobedevelopedby


stakeholdersforapprovalbytheStateWaterBoard.Ifatributaryplanisnotdevelopedorisfound


tobeunsatisfactory,theStateWaterBoardwouldexerciseitslegislativeoradjudicativepowers


involvingwaterrightsandwaterquality,orboth,torequireimplementationoftheobjectives.
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1.4.4 Delta Outflows

ThisreportdescribesthesciencesupportingproposednewandmodifiedDeltaoutflow


requirementstoprotectfishandwildlifebeneficialusesfromtheDeltaouttothenearshoreocean.


MonitoringoffishandinvertebrateabundanceintheBay‐Deltaestuarycontinuestoshowthe


importanceofDeltaoutflowsfortheprotectionofvariousspeciesandtheecosystem.Thelocation


wherelighterfreshwaterfromtheriversmixeswithheavyseawaterfromtheoceanintheestuary


(referredtoasthelowsalinityzoneor“LSZ”)iscorrelatedwiththesurvivalandabundanceofmany


species.Thismixingconcentratessuspendedsolidsandaquaticorganismstocomprisetheestuarine


habitatthatsupportsmultiplelifestagesforadiversityoffishesandotherspecies.Thelocationand


extentofestuarinehabitatfluctuatesinresponsetoriverflows,oceantides,weather,and


geographicfeatures(e.g.,levees,thedepthandbreadthofstreamchannels,connectivitytoadjacent


wetlands).


ThelocationoftheLSZismeasuredbythelocationofthetwopartsperthousandsalinityisohaline


(orX2)(asmeasuredinkilometers(km)fromtheGoldenGate).Generally,thefurtherX2islocated


downstreamoftheconfluenceoftheconfineddeepchannelsoftheSacramentoandSanJoaquin


RiversandtheeffectsoftheProjectexportfacilitiesanddownstreamintothebroad,shallow,cool


channelsofSuisunMarshandSuisunBay,thebetterfishandotherspeciesrespond.Whiletheexact


mechanismsbehindthisrelationshiparenotunderstood,thesemorewesterlyX2positions


generallyprovidesignificantlyimprovedhabitatconditionsfornativespecies.


Therelationshipsbetweenoutflowandestuarinefishabundanceandseveralothermeasuresofthe


healthoftheBay‐Deltaestuaryhavebeenknownforsometime(Jassbyetal.1995)andarethebasis


forthecurrentspringDeltaoutflowobjectives.AmorerecentstudydeterminedthatupdatedDelta


outflowspeciesrelationshipsweresimilartothosepreviouslyreportedandareseeninawide


varietyofestuarinespecies(Kimmereretal.2009).Fishspeciesthatrespondpositivelytoincreased


outflowincludelongfinsmelt,Sacramentosplittail,whitesturgeon,andstarryflounder.Invertebrate


speciesthatrespondpositivelytoincreasedoutflowincludeCaliforniabayshrimp,Eurytemora


affinisandNeomysismercedis.Recentinformationindicatesthatfallandsummeroutflowsarealso


importanttoDeltasmeltandpossiblyotherfishspecies.


StreamflowandDeltaoutflowarealsoimportantfactorsinthesurvivalofChinooksalmonand


steelhead(NMFS2014a).Deltaoutflowsaffectmigrationpatternsofanadromousfishandthe


availabilityofestuarinehabitat.Freshwaterflowisanimportantcueforupstreamspawning


migrationofadultsalmonandotherestuarine‐dependentspecies,andisafactorinthesurvivalof


salmonsmoltsmovingdownstreamthroughtheDelta.Freshwateroutflowinfluenceschemicaland


biologicalconditionsthroughitseffectsonloadingofnutrientsandorganicmatter,pollutant


concentrations,andresidencetime.Whiletheexactmechanismsthatdrivealloftheserelationships


arenotperfectlyunderstood,perfectscienceisnotrequiredtomoveforward.Further,theproposed


changestotheBay‐DeltaPlanareproposedtobedevelopedandimplementedinawaythat


improvesscientificunderstandingandrespondstonewinformation.


Thelast5yearshaveprovidedadramaticexampleoftheimportanceofflowfornativefishspecies.


Followingthewetconditionsof2011,populationabundanceoflongfinsmelt,Deltasmelt,


Sacramentosplittail,andotherspeciesallincreased.Thenext4yearswereverydryandthe


abundanceofeachofthesespecieshasfallenandisnowatornearitsall‐timerecordedlowestlevel.


Highflowshaveresultedingreaterabundanceofnativefishwhilelowflowsproducedpopulation


declines.Theseresultsareconsistentwithearlierobservationsanddemonstratethattheaquatic
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estuarinecommunitystillrespondspositivelytoincreasedDeltaoutflowthatimproveshabitat


conditionsfornativespecies.


Asdiscussedabove,theeffectofDeltaoutflowsinprotectingfishandwildlifeinvolvescomplex


interactionswithotherflowsintheDeltaandwithotherparametersincludingthephysical


configurationoftheDelta.TheproposedoutflowmodificationstotheBay‐DeltaPlanrecognizethe


roleofsourceinflowsusedtomeetDeltaoutflows,Deltahydrodynamics,tidalaction,hydrology,


waterdiversions,waterprojectoperations,andcoldwaterpoolstorageinupstreamreservoirs.For


estuarine‐dependentspecies,thedeclinesinpopulationsizeofSacramentosplittailandlongfinand


DeltasmelthavecontinuedsinceimplementationofD‐1641.Thedeclinessuggestthatthecurrent


Bay‐DeltaPlanasimplementedinD‐1641isnotsufficientlyprotectiveforthesespeciesand


additionalactionsarerequiredtorecoverthespecies.


Basedontheaboveissues,toprotectnativefishandwildlifespeciesrearinginandmigrating


throughtheDelta,thisreportincludesproposednewandmodifiednarrativeandnumericDelta


outflowobjectives.ThenarrativeDeltaoutflowobjectiveisproposedtodescribetheoutflow


conditionsthatreasonablyprotectnativeestuarineandanadromousfishandaquaticspecies


populations.Specifically,itrequiresmaintenanceofDeltaoutflowssufficienttosupportand


maintainthenaturalproductionofviablenativefishandaquaticspeciespopulationsrearinginor


migratingthroughtheBay‐Delta.ChangestothenumericDeltaoutflowrequirementsareproposed


toachievethenarrativerequirementandbetterintegratetheDeltaoutflowrequirementswiththe


proposedinflowrequirements.TogethertheDeltaoutflow,inflow,andotherrequirementsare


proposedtoprovidecomprehensiveprotectionforfishandwildlifefromnatalstreamsthroughthe


DeltaandBayandnearshoreoceanwhileprovidingnecessaryflexibilityandadaptivemanagement


provisionstoaddressthecomplexitiesofprovidingDeltaoutflowsfromthewatershedina


reasonableandprotectivemanner.


ProposedchangestothenumericDeltaoutflowrequirementsincludemaintainingsomeexisting


requirements,removingsomeexistingrequirements,addingnewrequirements,andincorporating


existingBiOprequirementsfortheProjects.InordertoensurethatminimumquantitiesofDelta


outflowareprovidedtotheestuaryinallmonthsandallyears,baseDeltaoutflowsfromthecurrent


Bay‐DeltaPlanwouldbemaintained.Specifically,theexistingbaseDeltaoutflowrequirementsthat


areincludedinTable3oftheBay‐DeltaPlanthatrangefrom3,000to8,000cubicfeetpersecond


(cfs)wouldbemaintained.However,asdiscussedbelow,themethodsbywhichthisrequirement


maybemetareproposedtobereevaluatedtoensurethatintendedprotectionsareprovided,while


providingflexibilitytoreducewatersupplyimpacts.TheremainingexistingDeltaoutflow


requirementsareproposedtobereplacedwithan“inflow‐basedDeltaoutflow”objectivethatis


expectedtobetterachievetheproposednewnarrativeDeltaoutflowobjectiveinanintegrated


fashionwiththeproposednewinflowrequirementsdiscussedabove.


Theproposednewinflow‐basedDeltaoutflowobjectivespecifiesthattherequiredinflowsfromthe


SacramentoandSanJoaquinRiversandtheirtributariesandthethreeDeltaeastsidetributariesare


providedasoutflowswithappropriateadjustmentsfordepletionsandaccretions,including


adjustmentsforfloodplaininundationflowsandothersideflows.Theintentoftheinflow‐based


DeltaoutflowsistoprovidecontinuityofflowsfromupstreamtributariesthroughtheDeltaandout


totheBaytoimproveestuarinehabitatconditions.Liketheinflowobjectives,theoutflowobjectives


arenotproposedtobelowerthanexistingconditions.Alsoliketheinflowobjectives,theinflow‐


basedDeltaoutflowobjectivewouldallowforadaptivemanagementandshiftingandsculptingof


flowsandwouldrequirethedevelopmentofaplanthataddressesimplementationmeasuresby
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Deltausers,includingtheProjects,aswellasmonitoringandevaluationmeasures.Theplanwould


addressaccountingmeasuresfortheexistingandnewrequirements,includingintegrationwith


tributaryplanstotheextentpossible,accretionsanddepletions,andevaluationoftheexistingand


newmethodsofcompliancewithDeltaoutflowstoensuretheyareprotective,includingthe


compliancemethodsforthebaseflowsdiscussedabove.


Inadditiontotheabove,thefallDeltaoutflowrequirementsfromtheUSFWSBiOpwouldbe


incorporatedintotheBay‐DeltaPlan.TheserequirementsincludeadditionalDeltaoutflow


requirementsinSeptemberthroughDecemberwhentheprecedinghydrologicperiodwasawetor


abovenormalwateryear.TheproposedchangestotheBay‐DeltaPlanwouldallowforadjustments


totheserequirementsbasedonnewinformation,includingchangesintheBiOp.


1.4.5 Cold Water Management

Thisreportdescribesthesciencesupportinganewnarrativecoldwaterhabitatrequirementto


ensurethepreservationofcoldwaterforsalmonidsandotherspecies.Specifically,therequirement


wouldensurethatcoldwaterreleasesfromreservoirsaremaintainedandtimedtoprovidesuitable


downstreamtemperaturesandflowsforaquaticspeciesorthatalternatemeasuresare


implementedtoprotectanadromousfishfromtemperatureimpacts(e.g.,passageabovedams).It


wouldalsoensurethatadequatewaterremainsinstorageovertimetoprovideforcriticalflowsat


othertimes,andpreventdrawdownofreservoirsthatmayoccurduetoincreasedandexisting


waterdemands.Elevatedtemperaturesduringthesalmonideggincubationandrearinglifestages


reducesurvivalofjuvenilesalmonids.Neededtemperatureconditionsthroughouttheyearto


protectagainsttemperature‐inducedmortalitydependontheraceofsalmonid,lifestage,andother


factors.Specificactionsneededtoachievetemperaturemanagementintributariesalsodependon


thespecificcircumstancesofthattributary,suchasavailabilityofstoredwater,opportunitiesfor


passagetocoldhabitatareas,andopportunitiesfortheuseofreservoirtemperaturecontrol


devices.Specificimplementationactionswillneedtobedevelopedaccordingtotheneedsofthefish


ineachtributaryandtheactionsthatareavailabletoprotectsalmonidsfromtemperatureeffects.As


such,thisreportincludesarecommendationforageneralnarrativeobjectiveforcoldwater


managementwithspecificimplementationactionstobedevelopedonastream‐by‐streambasisand


includedinthetributaryplansdiscussedabove.


1.4.6 Interior Delta Flows

ThisReportdescribesthesciencesupportingnewandmodifiednarrativeandnumericinterior


Deltaflowrequirementstoprotectfishandwildlifebeneficialuses.Specifically,thisreportdiscusses


thesciencesupportingtheneedforinteriorDeltaflowrequirementstoprovideformorenatural


flowpatternsfromnatalstreamsouttotheoceanandtoprovidemorenaturalecosystemfunctions.


DiversionsinthesouthDeltaandassociatedoperationscauseunnaturalflowpatternswithinflows


travelingtowardtheProjectexportfacilities,ratherthantowardtheocean.Herepoorhabitat


conditionsexistfornativespeciesandmortalityishighduetopredation,impingement,andother


factors.Morenaturalflowpatternsarespecificallyneededtoprotectfishandotherspecies


migratingoutoftheDeltaandrearingintheDeltaandtoprovideforhomingfidelityforfish


migratingupstreamthroughtheDelta.Thenarrativerequirementwouldestablishtheoverallflow


conditionsintheDeltatoreasonablyprotectnativefishpopulationsmigratingthroughandrearing


intheDelta.
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ChangestothenumericinteriorDeltaflowrequirementswouldreasonablyprotectbeneficialuses


andhelptoimplementthenarrativerequirement.Numericobjectiveswouldbeconsistentwith


requirementsthatarealreadyincludedintheUSFWSBiOp,NMFSBiOp,andCDFWITPincluding:


newOldandMiddleRiver(OMR)reverseflowlimitationsandchangestoexportandDeltaCross


Channel(DCC)gaterestrictionstoexpandthelevelofprotectionforthoseexistingrequirementsin


theBay‐DeltaPlan.Similartotheexistingprocess,theinteriorDeltaflowrequirementsforOMR


reverseflows,exportlimits,andDCCgateclosureswouldbedeterminedandbasedonmonitoringof


fishpresenceandaconsultationprocessinvolvingstafffromthefisheriesagencies,DWR,and


Reclamation,withtheadditionoftheStateWaterBoard.Adaptivemanagementprovisionsare


proposedforalloftheinteriorDeltaflowrequirementssuchthattherequirementscanadapttonew


scientificknowledgeasitbecomesavailable,throughtheDeltaScienceProgram,CSAMP,CAMT,IEP,


andotherefforts.


1.4.6.1 Delta Cross Channel Gate Operations

Whenopen,theDCCgatesallowhigh‐qualitySacramentoRiverwatertoflowintotheinteriorDelta


channelstowardtheSWPandCVPexportfacilities.Whenopen,salmonidsandotherfishfromthe


SacramentoRiveranditstributariesmaybedivertedthroughthegatesintotheinteriorDelta,


wherechancesofsurvivalandoutmigrationaregreatlyreduced.TheDCCgatesarerequiredtobe


closedatcertaintimespursuanttoD‐1641andtheNMFSBiOptoprotectfishandwildlife


(specificallymigratingsalmonids).TheScienceReportproposestoextendthetimeperiodwhenthe


DCCgatesmayberequiredtobeclosedinthefalltoincludeagreaterportionofthesalmonid


migrationperiod.ThegateswouldbeclosedattimesinOctoberwhenmonitoringinformation


indicatesthatmigratingsalmonidareinthevicinityoftheDCCgatesconsistentwiththeNMFSBiOp


andincoordinationwiththeimplementationoftheBiOpandanymodifiedBiOpthatmaybeissued


inthefuture.


1.4.6.2 Old and Middle River (OMR) Flows

NetOMRreverseflowsarecausedbythefactthatthemajorfreshwatersource,theSacramento


River,entersonthenorthernsideoftheDeltawhilethetwomajorpumpingfacilities,theSWPand


CVP,arelocatedinthesouth.ThisresultsinanetwatermovementacrosstheDeltainanorth‐south


directionalongawebofchannelsincludingOldandMiddleRiversinsteadofthemorenatural


patternfromeasttowestorfromlandtosea.Anegativevalue,orareverseflow,indicatesanet


watermovementacrosstheDeltaalongOldandMiddleRiverchannelstotheexportfacilities.


HighnetOMRreverseflowshaveseveralnegativeecologicalconsequences.First,netreverse


OMRflowsdrawfish,especiallytheweakerswimminglarvalandjuvenileforms,intotheSWP


andCVPexportfacilities.Second,netOMRreverseflowsreducespawningandrearinghabitatfor


nativespecies,likeDeltasmelt.Third,netOMRreverseflowsresultinaconfusingenvironmentfor


migratingjuvenilesalmonidsleavingtheSanJoaquinRiverBasin.Finally,netOMRreverseflows


reducethenaturalvariabilityintheDeltabydrawingSacramentoRiverwateracrossandintothe


interiorDelta.NetOMRreverseflowrestrictionsareincludedintheUSFWSBiOp,theNMFSBiOp,


andtheCDFWITP.TheScienceReportproposesinclusionoftheBiOpandITPOMRreverseflow


limitsintheBay‐DeltaPlaninacoordinatedfashionwiththeBiOpsandITP(andconsiderationof


anynewfederalESAorCESArequirements)toprotectnaturalecosystemfunctionsandspecifically


fortheprotectionofsalmonids,Deltasmelt,andlongfinsmelt.
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1.4.6.3 Project Export Limits

ProjectexportshaveasignificanteffectoncontinuityofSanJoaquinRiverflowsouttotheocean


becauseofthelocationoffacilitiesinthesouthDeltaimmediatelyadjacenttotheSanJoaquinRiver


andtherelativelylowerflowsoftheSanJoaquinRivercomparedtotheSacramentoRiver.The2006


Bay‐DeltaPlanincludeslimitationsthatconstrainexportsduringa30‐dayperiodinthespringtoa


ratioof1to1betweenSanJoaquinRiverflowsandexports,orminimalspecifiedpumpinglevels


(1,500cfs),tominimizeentrainmentandsalvagelossesofoutmigratingjuvenilesalmonidsfromthe


SanJoaquinRiver.TheNMFSBiOpincludesmorestringentconstraintsthatarebasedonwateryear


typeandthatextendfor60daysinthespring.Thelimited30‐dayperiodincludedinthe2006Bay‐


DeltaPlanonlycoversafractionofthetimeperiodwhenjuvenilesalmonidsoutmigratefromthe


SanJoaquinRiver.Inaddition,thecurrentrequirementsdonotprovideformuch,ifanyoftheSan


JoaquinRiverwatertoflowtotheDeltasothatsmallerweakerswimmingjuvenilefishhavepositive


flowcuestoguideoutmigration.TheScienceReportproposesmorerestrictiveexportconstraintsas


afunctionofSanJoaquinRiverflowsuptotheNMFSBiOplevelsofbetween4to1and1to1ofSan


JoaquinRiverflowstoexportsduringthespringtoprotectoutmigratingjuvenileChinooksalmon.


Adaptivemanagementprovisionsareproposedsuchthattheconstraintscouldbeadaptively


managedforupto60daysbetweenFebruaryandJunetimeperiodincoordinationwithNMFS.The


requirementwouldalsobecoordinatedwiththeNMFSBiOp,PhaseI,andinstallationoftheHeadof


OldRiverBarrierdiscussedinmoredetailinChapter3.


1.5 Next Steps

Thescientificbasisofanystatewideplan,basinplan,planamendment,guideline,policy,or


regulationmustundergoexternalscientificpeerreviewbeforeadoptionbytheStateWaterBoard


orRegionalWaterQualityControlBoards(Health&Saf.Code,§57004).TheStateWaterBoardhas


maderevisionstotheworkingdraftScienceReportandhasrefinedthedescriptionofproposed


changestotheBay‐DeltaPlaninthisversionofthereport.Thisreportwillbeupdatedasneeded


basedonthepeerreviewandthesubstanceofthisreportwillprovideaportionoftheStaffReport


supportingtheproposedchangestotheBay‐DeltaPlan.Therewillbeadditionalopportunitiesfor


publicparticipationandcommentontheStaffReportastheplanningprocessmovesforward.


Inestablishingwaterqualityobjectives,theStateWaterBoardmustensurethereasonable


protectionofbeneficialuses,andconsidervariousfactorsincludingotherbeneficialusesofwater,


theenvironmentalcharacteristicsofthearea,andeconomics.Inaddition,theStateWaterBoard


mustcomplywiththeCaliforniaEnvironmentalQualityAct(CEQA)inevaluatingtheeffectsofthe


projectontheenvironment,aswellasotherapplicablelaw.


StateWaterBoardregulations(Cal.Code.ofRegs.,tit.23,§3777)requirethatanywaterquality


controlplanproposedforapprovaloradoptionbeaccompaniedbyenvironmentaldocumentation.


TheStateWaterBoard’swaterqualitycontrolplanningprogramiscertifiedbytheSecretaryofthe


CaliforniaResourcesAgencyasexemptfromCEQA’srequirementsforthepreparationof


environmentalimpactreports,negativedeclarations,andinitialstudies(Pub.ResourcesCode,§


21080.5;Cal.CodeRegs.,tit.14,§15251,subd.(g)).Agenciesqualifyingforsuchexemptionsmust


stillcomplywithCEQA’sgoalsandpolicies,includingthepolicyofavoidingsignificantadverse


effectsontheenvironmentwherefeasible.
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TheStaffReportfortheproposedamendmentstothe2006Bay‐DeltaPlanwillincludeidentification


ofanysignificant,orpotentiallysignificant,adverseenvironmentalimpactsoftheproposedproject,


analysisofreasonablealternativesandmitigationmeasurestoavoidorreduceimpacts,


environmentalanalysisofthereasonablyforeseeablemethodsofcompliance,andotheranalyses


anddocumentstheStateWaterBoardmaydecidetoinclude.TheStaffReportwillincludethe


identificationofanypotentiallysignificantenvironmentalimpactsofanyneworchanged


requirementsinthewatershedsinwhichDeltaflowsoriginate,intheDelta,andintheareasin


whichDeltawaterisusedorfromwhichDeltawaterisimported.Itwillalsoincludeananalysisof


theeconomicimpactsthatcouldresultfromchangestotherequirements.Thepublicwillhavethe


opportunitytoreviewandcommentontheStaffReportandassociatedanalyses.
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Chapter 2

Hydrology

2.1 Introduction

ThischapterprovidesadescriptionofthehydrologyoftheDelta,mainstemSacramentoRiver,its


tributaries,andthethreeeastsidetributariestotheDelta.Throughoutthewatershed,current


hydrologicconditionsarecomparedwithunimpairedconditionstoassessthetypesofchangesin


theflowregimethathaveoccurred.Thisinformationisprovidedasbackgroundandsupporting


informationforsubsequentchapters.


ThehydrologicanalysisofDeltaoutflowsindicatesthatdiversionsandexportshavereduced


averageannualoutflow,reducedwinterandspringoutflow,andreducedseasonalvariability.The


hydrologicanalysisalsoindicatesthatwaterdevelopmentinregulatedtributaries,suchasthe


SacramentoRiveratFreeport,hasgenerallyresultedinreducedannualDeltainflow,areductionin


springinflow,anincreaseinsummerinflow,andadecreaseinhydrologicvariability.Theanalysis


indicatesthattributarieswithoutlargereservoirsgenerallyhavelowerflowsinlatespringand


summer.FinallythehydrodynamicanalysisindicatesthatProjectpumpinginthesouthDeltaand


associatedoperationshaveincreasedthemagnitudeandfrequencyofreverse(upstream)flowson


OldandMiddleRiversandotheralterationsinthehydrodynamicsoftheDelta.


2.1.1 Natural and Unimpaired Flow

Unimpairedhydrologyor“unimpairedflow”representsanindexofthetotalwateravailabletobe


storedorputtoanybeneficialusewithinawatershedundercurrentphysicalconditionsandland


uses.Unimpairedflowisdifferentthanthe“naturalflow”thatwouldhaveoccurredabsenthuman


developmentoflandandwatersupply.TheuseofunimpairedflowsintheBay‐Deltawatershedis


oftenmisunderstoodandtosomedegreecontroversial,owinginparttogenuineuncertainty


regardingtherelationshipbetweenunimpairedandnaturalflowsandtheirintendedusefroma


regulatoryperspective.Differencesbetweennaturalflowsandunimpairedflowsarethoughttobe


relativelysmallintheupperwatershedswherefewerphysicalmodificationstothelandscapehave


occurredandmorenaturalrunoffpatternsexist(Figure2.1‐1)(DWR2016a).Whileunimpaired


flowsandnaturalflowsmaybeverysimilarintheseareas,flowmanagementmuststillconsiderthe


effectsofdamsandotherphysicalmodificationsthatblockaccesstohistoricalhabitatsandalter


temperaturesandotherconditionsimportanttoaquaticspecies.OnthevalleyfloorandintheDelta,


wherethegreatestlandusechangeshaveoccurred,thedifferencesbetweenunimpairedflowand


naturalflowsmaybesubstantialattimes(DWR2016a),butarenotknownwithcertainty.


Estimatingnaturalflowrequiresmakingassumptionsaboutmanyphysicalattributesofthepre‐


developmentlandscape,includingthedistributionofwetlandandriparianvegetation,channel


configurations,detentionofoverbankflows,andgroundwateraccretions.Alloftheseconditions


differfromthecurrentphysicalconditionandlanduseofthewatershedtounknowndegrees(DWR


2016a).Estimatesofevapotranspirationbynaturalvegetation(Howesetal.2015)anditscombined


effectswithotherelementsofahypotheticalpre‐developmentconditiononnetDeltaoutflow(Fox


etal.2015)andthroughouttheBay‐Deltawatershed(DWR2016a)havebeenpublishedrecently.


Theseestimatesareproducedbyroutinghistoricalunimpairedflowsfromtheupperwatersheds


overahypothetical,reconstructedvalleyfloorandDelta(Foxetal.2015;DWR2016a),producing
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estimatesoftheflowthat“wouldhave”occurredoverthehistoricalrecordintheabsenceofhuman


development.DWR(2016a)concludesthat“relativeseasonal(i.e.,monthly)distributionsof


unimpairedandnaturalDeltaoutflowestimatesarenotwidelydifferent,”butthat,duetoan


imperfectscalinganddifferenceinannualmagnitude,“unimpairedflowestimatesarepoor


surrogatesfornaturalflowconditions.”







Figure 2.1‐1. Quartile Distributions of Natural and Unimpaired Flows at Two Sample Rim Dam

Locations, as Estimated by DWR (2016a). Monthly patterns and magnitudes are similar, but not

identical.




Toevaluatethepotentialdifferencesbetweenunimpairedflowandnaturalflow,themonthly


distributionsofDWR’s(2016a)estimatesofthetwo,alongwithestimatesofhistoricalflow(also


providedbyDWR(DWR2017)arecomparedovertime.Figures2.1‐2and2.1‐3showthese


comparisonsforDeltainflowandnetDeltaoutflowasquartiledistributionsonamonthlytimescale.


Aswithaboxandwhiskerplot,theblackhorizontallineshowsthemedian,andtheboxspansthe


rangebetweenthe25thand75thpercentile;whiskersandoutliersareomittedforclarity.The


figuresshowthemostsignificantdifferencesbetweenunimpairedandnaturalDeltaflowsduring


thepeaksnowmeltseasonofAprilthroughJune,andgenerallythroughoutthedriermonths,due


largelytotheassumedpresenceofsignificantadditionalvegetationinthenaturalflowestimates.At


thesametime,thefiguresalsoshowothersignificantdifferencesbetweenhistoricalflowsand


estimatesofunimpairedandnaturalflowsovertime,particularlyduringthewetmonthsofwinter


andspring,duetowaterdevelopment.Thisincreasingalterationofflowsidentifiesapatternof


decreasingDeltaoutflowovertimethatcanbeexpectedtocontinuewithoutadditionalregulation.
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Figure 2.1‐2. Quartile Distributions of DWR Estimates of Historical, Natural, and Unimpaired Delta

Inflow. Water supply development has reduced wet season Delta inflow and increased dry season

Delta inflow relative to both estimated unimpaired and natural flows over time. Natural and

unimpaired flow estimates are from DWR (2016a), and historical estimates are from Dayflow

(DWR 2017).










Figure 2.1‐3. Quartile Distributions of DWR Estimates of Historical, Natural, and Unimpaired Delta

Outflow. Water supply development has reduced wet season Delta outflow relative to both

estimated unimpaired and natural flows over time. Natural and unimpaired flow estimates are

from DWR (2016a), and historical estimates are from Dayflow (DWR 2017).
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Unimpairedflowsareusedthroughoutthisreportinseveralwaysthatacknowledgeandrespectthe


differencesbetweennaturalandunimpairedflowsdiscussedabove.Unimpairedflowsareusedto


helpcharacterizehowhumanusesofwaterhavealteredthemagnitude,timing,anddurationof


flowsinthewatershedunderthecurrentphysicalconfigurationofthewatershedovertime.This


informationcanthenbeevaluatedagainstspeciesdeclinestohelpunderstandhowchangesin


hydrologyhavecontributedtothosedeclines.Atthesametime,impactsfromthechangesinthe


physicalconfigurationofthewatershedarealsodiscussed.Inaddition,unimpairedflowsareused


asanindexofwateravailabilitytounderstandandhelpbalancebetweenenvironmentalandother


usessincewatersuppliesforallpurposesarelimited.Unimpairedflowsarealsousedasan


approximationofmorenaturalflowconditionsprotectiveofnativeaquaticspecies.However,as


discussedfurtherinChapters1and5,regulatoryrequirementsbasedonunimpairedflows,


acknowledgethatthephysicalenvironmenthasbeenmodifiedandthatadaptivemanagementis


neededtoallowforsculptingandshapingofthoseflowstoaddresstherealitiesofthataltered


landscapethatnativespeciesnowinhabitandthefactthatthislandscapewillchangeovertimewith


climatechange,habitatrestoration,andotherfactors.


2.1.2 Watershed Overview

CaliforniahasaMediterraneanclimatethatischaracterizedbymild,wetwintersanddry,hot


summers.Eighty‐fivepercentoftheannualprecipitationfallsinthewintermonthsandinthe


summer,manypartsofthewatershedwillgomorethan90dayswithoutanyprecipitation.


Californiaalsoshowsgreatinter‐annualvariabilityinrunoff,withSacramentoValleyrunoff


rangingfromanestimated5.1millionacre‐feet(MAF)inwateryear1977to37.7MAFinwater


year1983(DWR2016b).Forover150years,humanshavealteredtheSacramentoRiverandits


tributariestoreclaimwetlands,tamefloodsandprovideirrigationduringthedrymonths.Twoof


thelargestwaterprojectsintheworld,theSWPandtheCVP,movewaterfromtheSacramento


watershedthroughtheDeltaanddeliverittofarmersandcitiesinsouthernCalifornia.


TheSacramentoRiverextendsfromtheModocPlateauandthesouthernCascadesnearthe


OregonbordertothePacificOcean,draininganareaof27,000squaremiles.TheSacramento


Riverhasanaverageannualunimpairedflowof21MAF(basedonvaluesforwateryears1922–


2014),whichisapproximatelyone‐thirdofthetotalrunoffinCalifornia(DWR2016a).Ithasmore


than20majorsalmonbearingtributaries,anumberofothertributarieswithintermittentflows


thatsalmondonotinhabitonasustainedbasis,andaseriesoffloodbasins,andishometoan


extensivecommunityoffishandwildlife.


BelowitssourcenearMountShasta,theSacramentoRiverisimpoundedbythelargestreservoir


inCalifornia,ShastaReservoir.BelowShasta,theSacramentoRiverproceedssouthwardthrougha


seriesofleveedriverchannelsborderedbyoverflowbasinsandweirs.Thecapacityofitsreaches


increasesanddecreasesasitproceedsdownstream.ItsmaintributariesaretheFeatherRiverfed


bytheYubaandBearRiversandtheAmericanRiver.Atthebottomofthewatershed,the


SacramentoRivermeetstheSanJoaquinRivertoformtheSacramento‐SanJoaquinDelta.Below


theDelta,theriverflowsthroughSanFranciscoBaytothePacificOcean.


ThemainhydrologicfeaturesoftheSacramentoRiver,itstributaries,thefloodbasinsbordering


thestreams,theDelta,andtheSuisunregionaredescribedbelow.Thedescriptionsofthe


tributarieshavebeenorganizedintothefunctionalhydrologicalgroupsshowninthelistbelow


andarebasedonwatersheddriversoflocalhydrologythatincludeelevation,precipitation


patterns,geology,surfacewaterorigins,groundwatercontributionstosurfaceflow,andshared
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geomorphichistory.Somesmaller,intermittenttributariesforwhichthereisnoorlimited


hydrologicinformationarenotdiscussedinthisreport.


 MainStemSacramento


 TributariesofMt.Lassen


 CowCreek,BattleCreek


 TributariesoftheChicoMonocline


 AntelopeCreek,DeerCreek,MillCreek,PaynesCreek


 TributariesoftheKlamathMountains


 ClearCreek


 TributariesofthePaleochannelsandTuscanFormation


 ButteCreek,BigChicoCreek


 TributariesoftheNorthernSierraNevada


 FeatherRiver,YubaRiver,BearRiver,AmericanRiver


 TributariesoftheEastsideoftheDelta


 MokelumneRiver,CosumnesRiver,CalaverasRiver


 TributariesoftheNorthernCoastRange,Northern


 StonyCreek,CottonwoodCreek,ThomesCreek,ElderCreek


 TributariesoftheNorthernCoastRange,Southern


 CacheCreek,PutahCreek


TheSacramentoRiver,themajortributaries,andthemajorreservoirsareshowninFigure2.1‐4.


TheeasterntributariesfromtheCalaverasRiverinthesouthtotheYubaRiverinthenorthare


SierraNevadastreams.TheCalaveras,Mokelumne,andCosumnesRiversaretributariesoftheSan


JoaquinRiverbutcouldjustaseasilybedescribedastributariesoftheDeltabasedonthefactthat


theirconvergencesareallintidewater.TheNorthForkoftheFeatherRiveristhegeneraldividing


linebetweentheSierraNevadastreamstothesouthandtheCascadeRangestreamstothenorth.


ClearCreekisthesoleKlamathRangestream.ThewesternstreamsfromCottonwoodCreeksouth


toStonyCreekareNorthernInnerCoastRangestreamswhileCacheandPutahCreeks,almosttwin


streams,originateintheSouthernInnerCoastRange.ElevationinthePhaseIIprojectareavaries


enormouslyfromeasttowestandfromnorthtosouth(Figure2.1‐5).TheCoastRangeproducesa


significantrainshadoweffectonitseasternslopeandinthevalleybywringingprecipitationoutof


stormsapproachingfromthewest,asstormstypicallydoatthislatitude.TheGolden


Gate/CarquinezStraightgapintheCoastRangehastheeffectoffocusingstormsdirectlyatthe


watershedsoftheAmericanandFeatherRivers.Iftheapproachofthestormfrontisperpendicular


totheslopeoftheSierraNevadalargelocalizedprecipitationeventswilloccur.However,ifthe


stormstrikesaglancingblowitwillgeneratealowlevelsouthtonorthflowingatmosphericjet


streamandturbulentupdraftsthatwilldistributetheprecipitationoveramuchlargerareafora


longerperiodoftime(Neimanetal.2014).Thesefactorsarewhytheamountofprecipitationshown


inFigure2.1‐6doesnotnecessarilycorrespondtothehighestareasofthemountainrangesandwhy


thewatershedsoftheAmericanandFeatherRiversreceivesomuchprecipitation.MountLassenis


anexceptiontothispatternduetoitshighelevationandnorthernlocation.TheKlamathRangeis
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alsoexceptionalasitisfarenoughnorththatitreceivesmorefrequentstormswhichresultsinmore


annualprecipitation.





Figure 2.1‐4. Major Tributaries and Watersheds in the Project Area
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Figure 2.1‐5. Elevation Map of Northern California
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Figure 2.1‐6. Annual Precipitation in Northern California
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Elevationalsoaffectstheformoftheprecipitationwithhigherelevationsreceivingproportionally


moreprecipitationassnow.Thiseffectisconstantforelevationsabove7,000feetbutvariesby


wateryeartypefrom7,000feetdowntothe5,500‐footsnowline.Figure2.1‐7illustratesthe


differencesindistributionandextentoftheamountofwaterstoredinthesnowpackbymonth


duringdryandwetyears.Additionally,stormsoriginatinginthesouthwestnearHawaiiaremuch


warmerthanstormsapproachingfromthenorthwestandiftheyproducerain‐on‐snoweventscan


generateextremelylargefloodflows.Ultimately,theamount,form,andtemperatureofthe


precipitationdeterminethehydrologicalresponsesofthestreamsandtheabilitytocapturethe


runoffabovedams.





Figure 2.1‐7. Water Year Type Snow Water Equivalents

Asthestreamsleavethefoothillstheirlowestreachesinteractwiththemanydifferentsedimentary


rockformationsofthevalley(Figure2.1‐8)andthestreamchannelsrunningoverthoseformations


havecomplexgroundwater/aquiferandsurfacewaterinteractionsthatvarybyeachstream.The


naturalboundariesofaquifersaredifficulttomapbutgroundwatermodelsrequiresubdivisionsto


reducethecomputationalrequirements.Figure2.1‐9showsthesubregionsusedfortheC2VSim


modelthathasbeenwidelyadoptedforuseintheCentralValley(Brushetal.2013).


TheamountofwaterflowingintoandoutoftheSacramentoRiverValleygroundwaterstoragehas


fluctuatedsignificantlyfromyeartoyearwithgroundwaterlevelsdecliningindryyearsand


recoveringinwetyears.AverageannualstreamdepletionthroughouttheCentralValleyhasbeen


approximately700thousandacre‐feetperyear(TAF/yr)from1989–2009andshowsanincreasing
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trend.Assuming2009landuseconditions,studiesestimatestreamlossestogroundwaterwill


reduceinstreamflowsbyanaverageof1.3MAFperyearacrosstheCentralValleyoverthenext


severaldecades(TNC2014).




Figure 2.1‐8. Generalized Geologic Map of the Valley Floor
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Figure 2.1‐9. Map‐C2VSim Model Groundwater Subregions
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ManyofthetributariesintheSacramentowatershedhavebeenextensivelydevelopedfor


hydropower,floodcontrol,andagriculturalandurbanuses.Theconsumptiveusesareprimarilyin


thevalleyfloor.However,largequantitiesofwaterfromShasta,Oroville,andFolsomReservoirs


flowallthewaytotheDeltaandarethenexportedforuseinotherwatersheds.Somenon‐project


tributariessuchastheYubaRiveralsomovewaterthroughtheDeltaunderwatertransfer


agreements.ThealteredhydrologyofeachtributaryhasauniquestorysummarizedinTable2.1‐1;


however,twogeneralpatternsdominate.Inwatershedswithreservoirs,winterandspringrunoff


peaksarenowlowerandsummerflowsarenowhigherandwarmer.Inwatershedswithout


reservoirsbutwithsubstantiallandusedevelopment,winterandearlyspringflowstypically


resembleunimpairedflows,andlatespringthroughfallflowsarereducedbydirectdiversion,


mainlyforirrigation.Thedescriptionsofthetributariesthatfollowdiscussthefactorsthat


contributetotheiruniquehydrographs.Thefloodbasinsectionfollowsthedescriptionsofthe


tributariesandisinturnfollowedbythedescriptionoftheSacramento/SanJoaquinDelta.The


descriptionoftheSuisunregionfollowsthatoftheDelta.


Toillustratethehydrologyundercurrentconditionsandunimpairedconditions,resultsfromthe


SacramentoWaterAllocationModel(SacWAM)wereused(StateWaterBoard2017).Modeled


streamflowswereusedtorepresentcurrenthydrologicconditionsratherthanobserveddata


becausestreamgagesarenotlocatedatthemouthofmostSacramentoRivertributaries.Therefore,


tobetterdescribetheimpairmentofeachentiretributary,SacWAMresultswereused.Unimpaired


flowsusedinthisanalysishavebeenestimatedusingSacWAMaswellwithdifferentsetsof


assumptionsdescribedindetailinAppendixA.Theplotsinthediscussionthatfollowscharacterize


theimpairmentofeachtributarybycomparingthesimulated“currentconditions”tothe


“unimpairedflows”toillustratethegenerallevelsofimpairmentandtrendsinimpairments.


SacWAMisapeer‐reviewedhydrology/systemoperationsmodeldevelopedbytheStockholm


EnvironmentInstitute(SEI)andStateWaterBoardtoassesspotentialrevisionstoinstreamflow


andotherrequirementsinthe2006Bay‐DeltaPlan.SacWAMiscurrentlythemostadvanced


representationoftheSacramentowatershedwhichincludes69reservoirs,131demands,complex


operationsoftheSWPandCVP,andanartificialneuralnetworktoestimateDeltasalinity.More


informationabouttheSacWAMmodelcanbefoundintheSacWAMModelDocumentation(State


WaterBoard2017).


Thefollowinganalysisprovidesinformationonthelevelofimpairmentinthemainstem


SacramentoRiverandvarioustributariesonamonthly,seasonal,andannualbasisgivendifferent


hydrologicconditions(cumulativedistributionsofthepercentofunimpairedflow).Theseanalyses


showsignificantdifferencesinimpairmentbetweenmonths,hydrologicconditions,andstreams,


withgenerallymuchgreaterimpairmentduringdrieryearswhenunimpairedflowsarealreadylow.


Figure2.1‐10showssimulatedimpairedflowsasapercentageofunimpairedflowsforthe


SacramentoRiveranditsmajortributariesrankedbySacramentowateryearindex.Thewateryear


indexisanindexoftotalrunoff,3.11beingthedriestyearand15.29beingthewettest(DWR


2016b).Darkerredcolorsindicateagreaterreductionintheflowatthislocationrelativeto


unimpaired,andthedarkerbluecolorsindicateagreaterincreaseincurrentconditionsflow


relativetotheunimpairedflow.RegulatedtributarieswithlargereservoirssuchastheAmerican,


Bear,Yuba,andFeatherRivershavelowerpercentofunimpairedflowinthespringindrieryears,


whereasunregulatedtributariesshowahigherpercentofunimpairedflowinallyears.
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WY WYI 

Water 
Year 
Type 

Delta 
Outflow 

American 
River 

Bear 
River 

Yuba 
River 

Feather 
Riverat 

Sac.River 

Feather

abv.conf. 
ofYuba 
River 

Sacramento 
Riverbelow 

Keswick 

Sacramento 
Riverat 
Freeport 

Mokelumne 
River 

Calaveras 
River 

Cache 
Creek 

Putah 
Creek 

Clear 
Creek 

Stony 
Creek 

Antelope 
Creek 

Mill 
Creek 

Deer 
Creek 

Battle 
Creek 

Big

Chico 
Creek 

Cosumnes 
River 

Cottonwood 
Creek 

Cow 
Creek 

Thomes 
Creek 

Paynes 
Creek 

Butte

Creek


1977 3.11 C 63% 86% 112% 57% 68% 70% 136% 83% 32% 23% 118% 71% 161% 77% 91% 61% 87% 98% 100% 99% 105% 85% 57% 100% 305%


1931 3.66 C 44% 48% 68% 32% 51% 57% 138% 73% 21% 13% 68% 36% 89% 47% 87% 71% 95% 99% 100% 90% 101% 90% 89% 100% 240%


1924 3.87 C 53% 62% 74% 37% 67% 78% 163% 84% 27% 17% 81% 31% 142% 70% 86% 67% 91% 100% 100% 91% 104% 89% 92% 100% 221%


2015 4.01 C 47% 44% 72% 31% 57% 66% 133% 74% 22% 13% 51% 17% 64% 25% 89% 70% 92% 96% 100% 90% 101% 94% 90% 100% 200%


1992 4.06 C 42% 32% 53% 36% 34% 29% 84% 60% 10% 13% 40% 13% 30% 13% 96% 79% 97% 97% 100% 95% 100% 98% 94% 100% 196%


1934 4.07 C 38% 56% 44% 22% 34% 37% 88% 55% 21% 12% 25% 14% 73% 23% 90% 76% 100% 100% 100% 91% 100% 95% 85% 100% 190%


2014 4.07 C 43% 53% 46% 25% 41% 47% 119% 66% 18% 23% 69% 20% 167% 22% 91% 76% 98% 98% 100% 92% 102% 97% 87% 100% 199%


1991 4.21 C 39% 36% 41% 30% 37% 38% 89% 57% 17% 21% 49% 8% 89% 11% 96% 79% 98% 99% 100% 92% 101% 96% 92% 100% 180%


1933 4.63 C 29% 52% 40% 19% 28% 30% 65% 47% 16% 6% 30% 14% 46% 14% 100% 75% 96% 100% 100% 89% 102% 94% 82% 100% 222%


1988 4.65 C 38% 35% 40% 37% 41% 42% 86% 59% 17% 17% 22% 13% 60% 67% 99% 74% 100% 100% 100% 90% 100% 97% 88% 100% 191%


1990 4.81 C 37% 48% 64% 28% 34% 32% 85% 58% 19% 16% 56% 22% 65% 35% 100% 82% 91% 100% 100% 91% 102% 98% 81% 100% 255%


1994 5.02 C 39% 59% 77% 37% 46% 47% 109% 69% 18% 11% 37% 22% 77% 26% 95% 79% 94% 100% 100% 93% 101% 96% 89% 100% 236%


2008 5.16 C 37% 55% 46% 27% 31% 31% 73% 58% 16% 13% 32% 9% 46% 47% 100% 78% 100% 99% 100% 91% 100% 96% 92% 100% 224%


1929 5.22 C 30% 41% 37% 22% 35% 41% 93% 54% 19% 6% 65% 26% 99% 29% 100% 68% 100% 100% 100% 89% 101% 94% 75% 100% 233%


1976 5.29 C 39% 63% 80% 47% 54% 55% 109% 68% 26% 5% 62% 41% 82% 28% 99% 68% 100% 100% 100% 90% 101% 95% 76% 100% 258%


1932 5.48 D 28% 48% 58% 42% 29% 16% 61% 45% 8% 11% 27% 14% 49% 24% 100% 81% 97% 100% 100% 94% 101% 97% 88% 100% 177%


1939 5.58 D 38% 54% 77% 24% 41% 46% 103% 62% 20% 17% 37% 36% 90% 38% 93% 74% 95% 100% 100% 92% 102% 95% 78% 100% 236%


1947 5.61 D 35% 55% 62% 25% 36% 37% 77% 55% 17% 12% 34% 14% 83% 13% 100% 79% 97% 100% 100% 93% 101% 96% 88% 100% 201%


1961 5.68 D 38% 35% 47% 18% 31% 34% 77% 55% 16% 24% 17% 13% 43% 33% 100% 83% 99% 100% 100% 92% 100% 98% 91% 100% 207%


1926 5.75 D 42% 53% 70% 30% 32% 27% 79% 58% 17% 13% 57% 6% 39% 54% 97% 85% 98% 100% 100% 95% 101% 97% 94% 100% 192%


2001 5.76 D 42% 54% 51% 34% 39% 39% 86% 64% 17% 55% 34% 10% 31% 35% 100% 78% 98% 99% 100% 94% 101% 96% 93% 100% 227%


2009 5.78 D 32% 39% 63% 43% 30% 19% 57% 47% 12% 14% 48% 13% 34% 14% 100% 82% 100% 100% 100% 93% 101% 97% 90% 100% 176%


2013 5.83 D 37% 73% 68% 36% 45% 45% 105% 66% 19% 12% 29% 13% 124% 56% 100% 76% 98% 100% 100% 91% 101% 94% 83% 100% 217%


1987 5.86 D 42% 35% 79% 37% 41% 37% 84% 61% 20% 29% 39% 18% 65% 16% 97% 80% 100% 100% 100% 94% 101% 97% 91% 100% 206%


1930 5.9 D 35% 38% 68% 45% 32% 21% 71% 52% 13% 13% 27% 8% 46% 16% 100% 84% 98% 100% 100% 92% 101% 98% 94% 100% 178%


1949 6.09 D 40% 55% 71% 35% 36% 32% 79% 59% 16% 10% 48% 8% 39% 49% 95% 84% 96% 100% 100% 95% 101% 96% 93% 100% 215%


1989 6.13 D 38% 56% 88% 45% 34% 21% 76% 61% 14% 15% 23% 14% 43% 11% 100% 85% 99% 100% 100% 92% 100% 98% 93% 100% 175%


1955 6.14 D 32% 42% 45% 24% 31% 32% 75% 49% 15% 10% 18% 26% 76% 37% 100% 79% 97% 100% 100% 93% 101% 96% 81% 100% 207%


2007 6.19 D 37% 44% 78% 39% 43% 41% 89% 58% 16% 12% 20% 19% 102% 22% 100% 75% 100% 100% 100% 94% 100% 96% 82% 100% 209%


1960 6.2 D 34% 43% 53% 39% 29% 20% 62% 49% 15% 9% 23% 7% 44% 49% 100% 81% 100% 100% 100% 92% 101% 98% 93% 100% 203%


1981 6.21 D 44% 54% 75% 28% 40% 42% 85% 63% 18% 18% 29% 10% 33% 45% 96% 84% 97% 100% 100% 95% 100% 98% 94% 100% 213%


1944 6.35 D 34% 36% 61% 27% 32% 30% 73% 51% 15% 14% 36% 9% 93% 16% 100% 80% 98% 100% 100% 96% 101% 97% 84% 100% 209%


2002 6.35 D 38% 42% 71% 40% 32% 21% 82% 55% 15% 12% 31% 10% 35% 67% 100% 82% 97% 100% 100% 95% 100% 98% 93% 100% 179%


1925 6.39 D 38% 57% 65% 38% 28% 17% 47% 55% 26% 23% 34% 5% 24% 45% 100% 85% 99% 100% 100% 95% 100% 98% 95% 100% 179%


1964 6.41 D 36% 42% 72% 31% 37% 36% 87% 55% 17% 23% 29% 18% 71% 58% 100% 74% 100% 100% 100% 94% 101% 93% 82% 100% 222%


1985 6.47 D 35% 50% 70% 29% 37% 37% 97% 57% 15% 13% 30% 14% 103% 25% 100% 74% 96% 100% 100% 96% 101% 95% 85% 100% 222%


1950 6.62 BN 37% 63% 74% 50% 32% 16% 64% 53% 28% 8% 29% 8% 71% 28% 100% 85% 99% 100% 100% 96% 101% 98% 92% 100% 177%


1962 6.65 BN 38% 39% 68% 47% 33% 20% 80% 56% 12% 10% 39% 6% 38% 52% 100% 85% 98% 100% 100% 93% 100% 97% 89% 100% 178%


1979 6.67 BN 41% 54% 87% 40% 36% 26% 65% 56% 28% 57% 32% 7% 47% 36% 100% 83% 99% 100% 100% 97% 101% 98% 94% 100% 197%


1959 6.75 BN 42% 44% 71% 23% 31% 31% 83% 58% 17% 15% 32% 10% 36% 52% 98% 84% 98% 100% 100% 94% 101% 98% 92% 100% 193%


1945 6.8 BN 40% 63% 82% 51% 34% 19% 70% 56% 35% 30% 28% 9% 50% 36% 100% 91% 94% 100% 100% 98% 101% 99% 91% 100% 174%


1937 6.87 BN 43% 61% 80% 42% 36% 26% 53% 56% 28% 54% 41% 7% 45% 40% 100% 84% 99% 100% 100% 98% 101% 98% 91% 100% 175%


2012 6.89 BN 39% 51% 85% 39% 37% 30% 75% 57% 15% 12% 30% 9% 45% 21% 99% 82% 99% 100% 100% 96% 101% 97% 90% 100% 181%


1935 6.98 BN 37% 52% 83% 54% 33% 16% 42% 54% 21% 7% 44% 4% 37% 37% 100% 88% 100% 100% 100% 96% 100% 98% 94% 100% 155%


1923 7.06 BN 40% 64% 89% 50% 39% 24% 82% 57% 30% 36% 22% 13% 47% 40% 99% 80% 97% 100% 100% 99% 101% 96% 88% 100% 186%


2010 7.08 BN 42% 57% 70% 42% 29% 18% 74% 58% 24% 10% 37% 5% 20% 59% 100% 93% 95% 100% 100% 95% 100% 99% 95% 100% 178%


1948 7.12 BN 39% 45% 76% 46% 28% 14% 67% 53% 14% 4% 14% 11% 43% 10% 100% 100% 93% 100% 100% 94% 101% 100% 95% 100% 168%


1966 7.16 BN 40% 43% 77% 34% 35% 31% 88% 59% 15% 15% 34% 7% 33% 51% 100% 82% 97% 100% 100% 95% 101% 97% 92% 100% 189%
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WY WYI 

Water 
Year 
Type 

Delta 
Outflow 

American 
River 

Bear 
River 

Yuba 
River 

Feather 
Riverat 

Sac.River 

Feather

abv.conf. 
ofYuba 
River 

Sacramento 
Riverbelow 

Keswick 

Sacramento 
Riverat 
Freeport 

Mokelumne 
River 

Calaveras 
River 

Cache 
Creek 

Putah 
Creek 

Clear 
Creek 

Stony 
Creek 

Antelope 
Creek 

Mill 
Creek 

Deer 
Creek 

Battle 
Creek 

Big

Chico 
Creek 

Cosumnes 
River 

Cottonwood 
Creek 

Cow 
Creek 

Thomes 
Creek 

Paynes 
Creek 

Butte

Creek


1968 7.24 BN 50% 58% 96% 36% 44% 43% 87% 66% 16% 17% 58% 7% 41% 60% 100% 86% 98% 100% 100% 96% 101% 98% 94% 100% 191%


1972 7.29 BN 35% 40% 71% 42% 33% 24% 82% 52% 16% 5% 13% 23% 49% 27% 100% 83% 98% 100% 100% 95% 100% 97% 91% 100% 202%


2004 7.51 BN 48% 44% 91% 47% 40% 31% 94% 67% 17% 12% 77% 33% 27% 68% 100% 87% 98% 100% 100% 95% 100% 99% 95% 100% 157%


1946 7.7 BN 44% 63% 86% 52% 51% 48% 69% 61% 33% 17% 70% 18% 56% 60% 100% 84% 97% 100% 100% 99% 101% 98% 89% 100% 180%


1936 7.75 BN 49% 73% 94% 59% 44% 28% 71% 66% 42% 60% 40% 6% 28% 63% 100% 87% 99% 100% 100% 98% 100% 98% 94% 100% 163%


1957 7.83 AN 39% 48% 84% 43% 31% 19% 76% 53% 17% 9% 18% 10% 33% 43% 100% 91% 94% 100% 100% 96% 101% 98% 92% 100% 197%


2003 8.21 AN 45% 57% 92% 59% 38% 21% 83% 63% 22% 10% 61% 7% 23% 60% 100% 94% 96% 100% 100% 96% 100% 99% 94% 100% 142%


1928 8.27 AN 50% 63% 107% 59% 54% 45% 85% 70% 31% 35% 34% 6% 25% 63% 100% 86% 99% 100% 100% 98% 100% 98% 93% 100% 156%


2005 8.49 AN 46% 71% 88% 57% 42% 28% 75% 64% 49% 43% 35% 9% 26% 72% 100% 94% 94% 100% 100% 98% 100% 99% 95% 100% 165%


1954 8.51 AN 50% 48% 90% 47% 47% 43% 86% 67% 15% 8% 44% 6% 24% 65% 100% 95% 95% 100% 100% 97% 100% 99% 95% 100% 164%


1993 8.54 AN 48% 64% 94% 60% 45% 32% 57% 64% 34% 53% 60% 5% 20% 78% 100% 100% 93% 100% 100% 97% 101% 100% 97% 100% 155%


1973 8.58 AN 55% 71% 100% 66% 56% 44% 85% 75% 37% 56% 62% 9% 21% 78% 100% 95% 93% 100% 100% 98% 101% 99% 95% 100% 165%


1978 8.65 AN 50% 58% 84% 54% 42% 31% 75% 73% 23% 11% 55% 4% 18% 74% 100% 95% 97% 100% 100% 95% 100% 100% 97% 100% 152%


1940 8.88 AN 56% 65% 93% 60% 52% 44% 83% 74% 33% 25% 53% 4% 22% 64% 100% 91% 99% 100% 100% 98% 100% 99% 97% 100% 148%


2000 8.94 AN 53% 58% 89% 54% 46% 35% 87% 69% 32% 58% 53% 7% 19% 59% 100% 93% 94% 100% 100% 99% 100% 99% 96% 100% 176%


1922 8.97 AN 46% 66% 101% 66% 55% 43% 63% 64% 46% 64% 32% 11% 30% 32% 100% 95% 93% 100% 100% 97% 101% 99% 93% 100% 153%


1980 9.04 AN 61% 77% 109% 68% 59% 47% 90% 77% 54% 63% 62% 5% 26% 77% 100% 90% 99% 100% 100% 99% 100% 99% 96% 100% 150%


1951 9.18 AN 55% 70% 120% 61% 65% 62% 78% 70% 42% 61% 55% 8% 37% 57% 100% 91% 95% 100% 100% 99% 101% 98% 93% 100% 164%


1975 9.35 W 52% 56% 95% 55% 51% 44% 81% 67% 33% 41% 60% 20% 23% 71% 100% 100% 90% 100% 100% 98% 101% 100% 95% 100% 173%


1927 9.52 W 56% 76% 102% 69% 55% 42% 85% 72% 35% 24% 70% 4% 22% 73% 100% 95% 93% 100% 100% 98% 100% 99% 95% 100% 162%


1953 9.55 W 54% 60% 97% 56% 58% 57% 81% 70% 24% 18% 59% 6% 29% 68% 100% 100% 93% 100% 100% 97% 101% 100% 95% 100% 150%


1963 9.63 W 56% 74% 116% 70% 65% 57% 82% 78% 42% 16% 53% 4% 31% 71% 100% 93% 97% 100% 100% 98% 100% 99% 95% 100% 158%


1943 9.77 W 60% 77% 109% 68% 65% 59% 76% 76% 54% 73% 70% 15% 50% 64% 100% 94% 96% 100% 100% 99% 101% 99% 95% 100% 167%


1999 9.8 W 59% 74% 101% 65% 70% 70% 82% 74% 53% 63% 71% 22% 24% 60% 100% 95% 93% 100% 100% 99% 101% 99% 93% 100% 162%


1986 9.96 W 65% 80% 107% 71% 63% 54% 96% 76% 59% 70% 67% 42% 26% 80% 100% 91% 99% 100% 100% 99% 100% 99% 97% 100% 149%


1984 10 W 49% 63% 106% 59% 57% 52% 76% 64% 44% 30% 79% 73% 46% 40% 100% 85% 98% 100% 100% 99% 100% 96% 88% 100% 165%


1965 10.15 W 56% 73% 120% 69% 69% 66% 78% 73% 56% 50% 77% 5% 33% 67% 100% 93% 96% 100% 100% 99% 100% 99% 94% 100% 153%


1967 10.2 W 56% 76% 106% 70% 58% 48% 80% 71% 52% 42% 60% 15% 23% 68% 100% 100% 93% 100% 100% 98% 101% 100% 95% 100% 158%


1996 10.26 W 62% 77% 112% 68% 71% 70% 84% 76% 51% 66% 71% 5% 28% 76% 100% 93% 97% 100% 100% 98% 100% 99% 96% 100% 164%


1971 10.37 W 50% 66% 97% 63% 57% 52% 78% 66% 36% 27% 63% 39% 25% 56% 100% 100% 89% 100% 100% 98% 101% 100% 94% 100% 162%


1970 10.4 W 67% 76% 105% 67% 73% 73% 94% 75% 48% 69% 76% 70% 26% 79% 100% 90% 100% 100% 100% 99% 100% 99% 96% 100% 150%


2011 10.54 W 61% 78% 109% 73% 67% 59% 81% 80% 64% 71% 67% 4% 26% 65% 100% 100% 94% 100% 100% 100% 101% 100% 95% 100% 152%


1997 10.82 W 70% 79% 108% 72% 75% 73% 88% 72% 63% 82% 89% 69% 35% 75% 100% 90% 99% 100% 100% 100% 100% 98% 94% 100% 147%


1969 11.05 W 64% 81% 104% 73% 66% 58% 87% 80% 61% 70% 72% 55% 20% 79% 100% 95% 97% 100% 100% 99% 100% 100% 97% 100% 151%


1942 11.27 W 64% 77% 109% 71% 72% 69% 84% 79% 51% 48% 85% 64% 23% 78% 100% 100% 94% 100% 100% 98% 101% 100% 96% 100% 150%


1956 11.38 W 64% 76% 118% 71% 74% 72% 85% 77% 60% 67% 85% 3% 25% 78% 100% 94% 97% 100% 100% 99% 100% 99% 96% 100% 146%


1941 11.47 W 65% 68% 104% 67% 62% 55% 91% 86% 38% 46% 83% 22% 17% 88% 100% 100% 94% 100% 100% 97% 100% 100% 97% 100% 144%


1958 12.16 W 69% 78% 102% 72% 68% 63% 92% 84% 51% 52% 80% 22% 23% 86% 100% 100% 94% 100% 100% 99% 100% 100% 98% 100% 149%


1952 12.38 W 63% 82% 108% 74% 71% 67% 80% 84% 60% 75% 69% 4% 25% 76% 100% 100% 93% 100% 100% 99% 101% 100% 95% 100% 155%


1938 12.62 W 69% 80% 107% 76% 76% 74% 87% 84% 63% 73% 82% 3% 19% 81% 100% 100% 93% 100% 100% 99% 100% 100% 96% 100% 147%


1982 12.76 W 67% 83% 110% 78% 78% 74% 85% 84% 71% 68% 83% 56% 20% 72% 100% 90% 99% 100% 100% 100% 100% 99% 94% 100% 140%


1995 12.89 W 65% 79% 105% 73% 67% 61% 83% 84% 55% 61% 66% 3% 17% 83% 100% 100% 96% 100% 100% 98% 100% 100% 98% 100% 140%


1974 12.99 W 66% 76% 114% 74% 76% 74% 89% 79% 50% 50% 89% 64% 18% 77% 100% 95% 98% 100% 100% 99% 100% 99% 96% 100% 135%


2006 13.2 W 72% 82% 114% 76% 78% 76% 108% 91% 72% 67% 92% 81% 19% 79% 100% 100% 94% 100% 100% 100% 100% 100% 97% 100% 135%


1998 13.31 W 70% 73% 105% 70% 65% 58% 89% 81% 56% 64% 79% 56% 20% 89% 100% 100% 96% 100% 100% 99% 100% 100% 99% 100% 147%


1983 15.29 W 80% 84% 109% 78% 81% 81% 98% 87% 73% 78% 94% 82% 18% 88% 100% 100% 96% 100% 100% 100% 100% 100% 98% 100% 146%


Figure 2.1‐10. Simulated Impaired Flows as a Percentage of Unimpaired Flows Ranked by Water Year Index for the Sacramento River, Its Major Tributaries, and Eastside Tributaries to the Delta for January–June
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Table 2.1‐1. Summary Information used in SacWAM for the Major Tributaries to the Sacramento River and the Eastside Tributaries to the Delta

River 

Drainage 
Area 
(mi2) 

Mean 
Annual 
Runoff 
(TAF/yr)1 

Total 
Storageas 
modeled 
in 
SacWAM 
(TAF) 

Runoff 
to 
Storage 
Ratio 

Average

Annual

Stream

Gain/Loss

toGW

(TAF/yr)2 HydrologicRegime MajorReservoirs InstreamFlowRequirements3

CowCreek 430 431 NoMajor 
Storage 

No 
Major 
Storage


‐7 Mixedrainandsnow‐raindominant‐ 
unimpaired


None None

BattleCreek 357 347 NoMajor 
Storage 

No 
Major 
Storage 

8 Mixedrainandsnow,significantdischarge 
fromsprings‐raindominant‐hydropowerand

diversionimpacts


None None

ButteCreek 797 926 NoMajor 
Storage 

No 
Major 
Storage


‐32 Mixedrainandsnow‐interbasinimportand 
diversionimpactedduringirrigationseason


None None

Antelope 
Creek 

202 100 NoMajor 
Storage 

No 
Major 
Storage


13 Mixedrainandsnow‐raindominant‐ 
diversionimpactsinValley


None None

DeerCreek 298 228 NoMajor 
Storage 

No 
Major 
Storage


‐1 Mixedrainandsnow‐raindominant‐ 
diversionimpactsinValley


None None

MillCreek 130 215 NoMajor 
Storage 

No 
Major 
Storage


2 Mixedrainandsnow‐raindominant‐ 
diversionimpactsinValley


None None

Paynes 
Creek 

93 52 NoMajor 
Storage 

No 
Major

Storage


8 Raindriven‐flashy‐diversionimpactsinvalley None None

ClearCreek 249 140 241 0.58 0 Interbasinimportdominated‐regulated WhiskeytownReservoir Combinationof1960MOAbetweenDWRand

CDFG,(b)2actions,and2009NMFSBiOp


BigChico 
Creek 

72 101 NoMajor 
Storage 

No 
Major 
Storage


0 Raindriven‐flashy‐floodcontrolimpactsin 
valley


None None

Feather 
River 

4,400 4,998 5,131 1.17 ‐7 Mixedrainandsnow‐heavilyregulated‐ 
diversionandfloodcontrolimpactsinvalley 

LakeOroville;LakeDavis;BucksLake;ButtValley;AntelopeReservoir;Frenchman 
Lake;LakeAlmanor;PoeReservoir;CrestaReservoir;RockCreekReservoir;Belden 
Reservoir;LittleGrassValleyReservoir;Philbrook‐RoundValleyReservoirs;

MountainMeadowsReservoir


1986MOUbetweenCDFGandDWR(HighFlow

Channel,LowFlowChannelandVerona)


YubaRiver 1,339 1,654 1,408 1.17 ‐16 Mixedrainandsnow‐heavilyregulated‐ 
diversionandfloodcontrolimpactsinvalley 

EnglebrightReservoir;NewBullard'sBarReservoir;BowmanLake;ScottsFlat 
Reservoir;LakeFordyce;MerleCollinsReservoir;JacksonMeadowsReservoir; 
LakeSpaulding 

LowerYubaRiverAccord/StateWaterBoard

RevisedD‐1644(YubaRivernearMarysville,Yuba

RivernearSmartville)


BearRiver 292 472 176 2.67 ‐20 Raindominated‐heavilyregulated‐ 
import/exportimpacted 

CampFarWestReservoir;RollinsReservoir;LakeCombie 1994SettlementAgreementbetweenDWR,South

SutterWaterDistrict,andCampFarWest

IrrigationDistrict


American 
River 

1,900 2,711 1,759 1.54 ‐44 Mixedrainandsnow‐heavilyregulated‐ 
import/exportimpacted 

FolsomLake;LakeNatoma;CaplesLake;LoonLake;GerleCreekReservoir;Buck 
Island;SlyCreekReservoir;FrenchMeadows;LakeValley;StumpyMeadows;Hell 
Hole;UnionValleyReservoir;CaminoReservoir;JunctionReservoir;SilverLake;

JenkinsonLake;ChiliBar;SlabCreek;IceHouse


LowerAmericanRiverFlowManagement

Standard;1958WDR‐893(HSt.)




State Water
Resources
Control
Board
 Hydrology


Phase
 II
Update
of the
2006 Bay‐
Delta
 Plan

Scientific
Basis Report

2‐16

Final


River 

Drainage 
Area 
(mi2) 

Mean 
Annual 
Runoff 
(TAF/yr)1 

Total 
Storageas 
modeled 
in 
SacWAM 
(TAF) 

Runoff 
to 
Storage 
Ratio 

Average

Annual

Stream

Gain/Loss

toGW

(TAF/yr)2 HydrologicRegime MajorReservoirs InstreamFlowRequirements3

Mokelumne 
River 

660 744 998 0.74 ‐75 Mixedrainandsnow‐snowdominant‐heavily 
regulated‐diversionimpacted 

PardeeReservoir;CamancheReservoir;LowerBear;SaltSprings;LakeAmador 1998JointSettlementAgreementandFERC

licensefortheLowerMokelumneHydroelectric

Project(FERCNo.2916)(belowComanche,below

WoodbridgeDiversionDam);2001FERCLicense

fortheNorthForkMokelumneProject(FERCNo.

137)(BelowPG&EDams,belowElectra

Powerhouse,BelowElectraDam)


Cosumnes 
River 

940 387 NoMajor 
Storage 

9.43 ‐2 Mixedrainandsnow‐raindominant‐mostly 
unimpaired‐diversionimpactsinvalley


JenkinsonReservoir None

Calaveras 
River 

470 160 317 0.50 ‐46 Raindriven‐regulated‐diversionimpactsin 
valley


NewHoganDam None

StonyCreek 741 418 245 1.71 ‐23 Raindriven‐regulated‐diversionandexport 
impacted 

EastParkreservoir;StonyGorgeReservoir;BlackButteReservoir BelowBlackButteReservoirandBelowNorthside

Dam

Cottonwood 
Creek 

927 551 NoMajor 
Storage 

No 
Major 
Storage 

‐9 Raindriven‐flashy‐mostlyunimpaired‐ 
importimpactsinvalleyduringirrigation

season


None None

Thomes 
Creek 

301 263 NoMajor 
Storage 

No 
Major

Storage


‐19 Raindriven‐flashy‐unimpaired None None

ElderCreek 151 67 NoMajor 
Storage 

No 
Major

Storage


0 Raindriven‐flashy‐unimpaired none None

CacheCreek 1,139 508 1,456 0.35 ‐90 Raindriven‐naturallakebuffersextreme 
events‐someregulationontribs‐floodcontrol

anddiversionimpactsinvalley


ClearLake;IndianValleyReservoir None

PutahCreek 710 358 1,602 0.22 ‐10 Raindriven‐regulated‐impactedbyexportsin 
valley 

LakeBerryessa 2000PutahCreekAccord/SettlementAgreement

flowrequirements:belowPutahDiversionDam;

atI‐80roadbridge


mi2 = squaremiles.


TAF/yr= thousandacre‐feetperyear.


MOA = memorandumofagreement.


CDFG = CaliforniaDepartmentofFishandGame.


DWR = CaliforniaDepartmentofWaterResources.


WDR = wastedischargerequirement.


FERC = FederalEnergyRegulatoryCommission.


PG&E = PacificGasandElectricCompany.


1 EstimatedusingSacWAMCurrentConditionsresultsbyaddingallupstreaminflowsandrainfall‐runoff.


2 AsestimatedinSacWAM(StateWaterBoard2017).


3 AsestimatedinSacWAM(StateWaterBoard2017).
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2.2 Hydrology of the Sacramento River and Major

Tributaries

2.2.1 Sacramento River

TheSacramentoRiveristhelongestriverinthestateofCalifornia.Therearemanyfactorssuchas


elevation,geology,reservoiroperations,floodcontrolstructures,andimportstothewatershedfrom


theTrinityRiversystemthataffecttheSacramentoRiver’shydrology.ThemainstemSacramento


RiverflowsthroughtheSacramentoValleyfromMountShastatotheDelta.


TheSacramentoRiverwatershedaboveShastaandKeswickdamsis6,500squaremiles(DWR


2013a).ThePitRiverandtheMcCloudRiveraretwomajortributaries.Thehighdesertregionabove


ShastaReservoirproducesrunofffromwinterrains,springsnowmelt,andsummerbaseflows


sustainedbylargesprings.ShastaReservoiristhelargestreservoirinCaliforniawithacapacityof


4.55MAF.ReleasesfromShastaaretypicallymadethroughtheShastaPowerPlanttimedfor


efficientenergyproduction.NinemilesdownstreamofShastaDamisKeswickReservoirwitha


capacityof28TAFwhichre‐regulatestheflowfromShastaPowerhouse.


TheSacramentoRiveralsoreceivesimportsfromtheTrinityRiversystemthroughoperationsofthe


CVP.WateristransferredtotheSacramentoRiverbasinfromtheTrinityRiverbasinthrougha


systemofdams,reservoirs,tunnels,andpowerplants.ReleasesfromTrinityDamthroughthe


TrinityPowerPlantarestoreddownstreamatLewistonReservoirwherethewatercanbediverted


totheSacramentoRiverwatershedthroughtheClearCreekTunneltoWhiskeytownLake,whereit


cantheneitherbereleasedtoKeswickReservoirthroughtheSpringCreekTunnelorbereleasedto


ClearCreek,whichenterstheSacramentoRiverdownstreamofKeswickReservoir(DWR2013a).


AnnualimportsfromtheTrinityRiverintoKeswickReservoiraveraged734TAFperyearfrom


wateryears1985–2009(Figure2.2‐1).





Figure 2.2‐1. Annual Total Observed Imports from the Trinity River to the Sacramento Watershed

via the Clear Creek Tunnel for Water Years 1985–2009 (Source: CDEC)
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FromKeswickDamdownstreamtothecityofReddingthechannelisgenerallystraight,stable,and


bedrockcontrolledasitrunsacrosstheerosionresistantmetamorphicrockoftheCopley


Formation(DWR2013a).FromReddingdownstreamtoRedBluffthechannelcontinuestobe


bedrockcontrolledasitrunsacrosstheTehamaandTuscanFormationsalthoughthereareacouple


ofreacheswherethechannelcanmeander.Herethechannel,whilestable,isnolongerstraight,but


hascutdeepandsinuousbendsintotheTehamaandTuscanFormationsaswellasthroughbasalt


flows(WET1998;DWR2013a).


ReleasesfromKeswickReservoiraregenerallylowerthanunimpairedconditionsinthewinterand


spring,andhigherinthesummerandfallasshownintheSacramentoRiverbelowKeswick


Reservoirboxplotbelow(Figure2.2‐2).Boxplotswithinthischaptersummarizemonthlycurrent


simulatedhydrologicconditions(graybox)andsimulatedunimpairedflow(whitebox)atvarious


locations.Shownintheplotsaremaximumandminimumflows(topandbottomwhiskers),upper


quartile(topofbox),median(linewithinbox)andlowerquartile(bottomofbox)oftheflowdata.


ReleasesfromShastaandKeswickReservoirsarecontrolledbyfloodoperations,agricultural


demandsintheSacramentoValley,streamtemperaturerequirements,Deltademands(including


salinitycontrolandfishandwildlifeprotection),andforexportstotheCentralValleyaswellas


majorurbancentersinsouthernCaliforniaandtheSanFranciscoBayarea(Reclamation2017).


Meanannualcurrentflowconditionsarehigherthanmeanannualunimpairedflowconditions


belowKeswickbecauseofimportsfromtheTrinityRiver.Inallbutthemostextremeyears,the


SacramentoRiverbelowKeswickReservoirundercurrentconditionsisgreaterthan65percentof


unimpairedflowonaverageduringthewinter‐springperiod,althoughmonthlyflowsareoften


moreimpaired,withmonthlymedianflowsinMarchandAprillessthan50percentofunimpaired


flows(Table2.2‐1).Inlatespringthroughfall,flowsbelowKeswickReservoiraregenerallyhigher


thanunimpaired,duetostoragereleasesforusewithinthebasin,export,andsalinitycontrol.


FortheSacramentoRiver,asinothersystemsdependentonsnowpackandsnowmelt,thetypical


componentsoftheunimpairedflowregimegenerallyinclude:fallstormflows,winterstormflows,


springsnowmelt,andsummerbaseflows(Kondolfetal.2001;Cainetal.2003;Epke2011;Yarnell


etal.2010;Kondolfetal.2012;Yarnelletal.2013).Thesecharacteristicsarepresentinthe


SacramentoValleystreamsinnearlyallyears,withwidetemporalvariationsinmagnitude


throughouttheyearandfromyeartoyear.Thesecharacteristicsareillustratedbelowforawet


wateryear(2011)(Figure2.2‐3)andacriticallydrywateryear(2008)(Figure2.2‐4),respectively


fortheSacramentoRiverbelowKeswickReservoir.Thoughtheoverallflowmagnitudesmaybe


different,theothercharacteristicsoftheflowregimesoftheotherregulatedtributariesaresimilar.


Waterdiversionandstoragehassignificantlychangedtheshapeoftheinstreamhydrograph.In


bothwateryeartypesshown,fallandwinterpeakflowsarereduced.Therecessionlimbofthe


springsnowmeltistruncatedorabsent,andsummerbaseflowsareaugmented.
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Figure 2.2‐2. Sacramento River below Keswick Reservoir Simulated Current Conditions (gray) and

Unimpaired (white) Monthly Flows







Table 2.2‐1. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Sacramento River below Keswick Reservoir

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 70 36 21 20 14 19 16 43 106 137 173 82 42 90 73


10% 121 74 58 41 30 27 30 70 109 235 223 138 65 145 100


20% 147 100 72 47 36 32 36 85 127 252 247 155 75 151 103


30% 158 104 77 52 43 35 41 96 162 265 260 161 78 160 105


40% 164 108 85 59 51 42 43 100 179 297 274 170 81 165 108


50% 171 114 92 64 59 49 46 103 200 316 280 182 83 175 110


60% 177 123 96 70 65 56 54 116 216 334 289 202 85 181 112


70% 180 129 102 83 84 68 60 138 245 349 300 241 87 189 116


80% 192 147 106 89 98 80 68 150 281 386 310 258 90 193 120


90% 202 166 145 105 115 94 89 202 354 422 327 278 102 205 129


100% 228 217 192 147 132 122 168 391 488 601 355 304 163 244 184
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Figure 2.2‐3. Daily Hydrograph of the Sacramento River below Keswick Reservoir for Water Year

2011 with Unimpaired Flow (SHA) and Observed Flow (KWK)1






1DailyunimpairedflowspresentedhereareproducedbyDWRasFullNaturalFlowsatShastaReservoir(FNF).

Source:CDEC.
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Figure 2.2‐4. Daily Hydrograph of the Sacramento River below Keswick Reservoir for Water Year 2007

with Unimpaired Flow and Observed Flow2




DownstreamofRedBluff,thegenerallocationofthechannelwithintheSacramentoValleyandits


reach‐specificgeomorphologyarecontrolledbygeologicfaultsystemsandriversedimentloadsthatare


primarilydeliveredfromwestsidetributaries(Jonesetal.1972;WET1998;Schumm2000;Larsenetal.


2002;DWR2013a).BetweenRedBlufftojustaboveStonyCreektheSacramentoRiverhasestablisheda


widefloodplainandhasasandyandgravellybottom.FromStonyCreekthroughtheDeltatothetownof


Clarksburgthechannelrunsbetweennaturalleveesandtheoutboardfloodbasins(Bryan1923;


OlmstedandDavis1961;DWR1994,2010a,2010b;Whippleetal.2012).


DownstreamofthecityofSacramento,theriverenterstheDeltawherethehydrographhasbeen


modifiedbydiversions,floodbasins,andinflowsdiscussedbelow.TheflowatFreeportincludesall


waterthathasenteredtheSacramentoRiver,exceptSacramentoRiverwaterthatpassesthroughthe


YoloBypass.AtFreeport,theSacramentoRiverhasagreaterlevelofimpairmentthanitdoesupstream


belowKeswickReservoir(Figure2.2‐5).Thelargestdifferencebetweencurrentconditionsand


unimpairedflowsatFreeportareinthemonthsofAprilandMaywhereinhalfoftheyearstheflowsare


below39percentand48percentofunimpairedflows,respectively(Table2.2‐2).







2DailyunimpairedflowspresentedareproducedbyDWRasFullNaturalFlows(FNF).Source:CDEC.
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Figure 2.2‐5. Sacramento River at Freeport Simulated Current Conditions (gray) and Unimpaired

(white) Monthly Flows







Table 2.2‐2. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Sacramento River at Freeport

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 55 57 47 46 43 41 29 26 47 79 83 47 45 70 61


10% 94 79 74 60 54 49 32 34 65 111 133 108 53 107 73


20% 105 87 76 67 59 52 34 40 67 133 155 126 56 112 76


30% 114 94 79 73 65 56 37 42 69 149 168 143 58 118 79


40% 122 99 84 76 69 58 38 45 72 164 180 182 60 123 80


50% 128 108 91 79 71 61 39 48 79 182 188 194 64 128 84


60% 137 118 96 85 76 66 45 51 83 195 192 218 68 134 86


70% 142 123 100 90 85 72 52 56 91 207 197 239 73 140 88


80% 148 130 111 98 94 81 59 65 109 221 205 253 76 146 89


90% 156 137 130 100 100 96 73 70 128 231 214 299 83 158 91


100% 180 166 178 125 100 100 99 119 185 284 236 339 91 189 105
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2.2.2 Tributaries of Mount Lassen and Volcanic Buttes Region

2.2.2.1 Battle Creek

BattleCreekhasarelativelylargewatershedof357squaremilesmostofwhichisspreadamonga


numberofrelativelyhighelevationtributaries(Jones&Stokes2005;Myers2012).Ithasthree


significanttributarieswithheadwatersonMountLassen(10,500feet)andtwootherswith


headwatersinbasinsencircledby7,000‐footpeaks.Themainstem,northandsouthforks,andthe


tributariesrunacrossverycomplexterrainovervolcanicrockofvarioustypesandages(Helleyet


al.1981;DWR1984;ClynneandMuffler2010).


ThenorthforkofBattleCreekisespeciallyuniqueasithasanunusuallylowprecipitationtorunoff


ratioandanumberoflargecold‐waterspringsthatdischargeatlowelevationsimmediatelyabove


impassablefishmigrationbarriers(Jones&Stokes2005;Myers2012).Thelocationsofthesprings


areduetotherelativelyhighelevationofthewatershedwhichfavorsslowerandextended


infiltrationfrommeltingsnowcomparedtoinfiltrationplusrapidrunofffromrain.


BecauseofthehighelevationofmostofitswatershedBattleCreekhasamixedsnow/rainfallrunoff


regime(Myers2012).Snowaccumulationsintheupperwatershedstoreasignificantamountof


water,dampenlargeprecipitationevents,andshiftdischargelaterinthespring.Rain‐on‐snow


eventsaresignificantintermsoflargestreampulseflowswiththelargestdailydischargerecorded


being35,000cubicfeetpersecond(cfs)(Reclamation2001).Thenumerousspringsinthe


watershedcontributetoarelativelyhighlate‐summerandfallbaseflowof250cfsandtocool


streamwatertemperaturesbelowthesprings(Jones&Stokes2005;Myers2012)(Figure2.2‐6).


StreamgroundwaterinteractionstudiesgenerallyindicatethatmostofBattleCreekreceives


groundwaterdischarge(DWR1984).


BattleCreekhasfewdiversionsforconsumptiveusebuthasbeendevelopedforhydropowerand


hasanextensivesystemofsmalldams,diversions,andcanals(Jones&Stokes2005).Anongoing


restorationprogramhasremovedmigrationbarriersandadjustedoreliminatedpower‐generating


operationstopreservecoldwatertemperaturesandmigratorycuesforsalmonidswithinthe


watershed(Jones&Stokes2005;GreaterBattleCreekWatershedWorkingGroup2017).


HydropoweroperationsintheBattleCreekwatershedprimarilyaffectflowsonasub‐monthly


timescale;however,Figure2.2‐6showsonaverageBattleCreekislowerthanunimpairedflowsin


thesummermonths(seealsoTable2.2‐3).
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Figure 2.2‐6. Battle Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐3. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Battle

Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 92 100 100 100 100 100 100 93 67 55 59 72 96 88 93


10% 100 100 100 100 100 100 100 100 96 75 71 86 100 91 96


20% 100 100 100 100 100 100 100 100 100 79 80 89 100 93 97


30% 100 100 100 100 100 100 100 100 100 82 82 93 100 94 98


40% 100 100 100 100 100 100 100 100 100 85 86 95 100 95 98


50% 100 100 100 100 100 100 100 100 100 90 89 98 100 96 99


60% 100 100 100 100 100 100 100 100 100 94 92 100 100 98 99


70% 100 100 100 100 100 100 100 100 100 99 100 100 100 99 100


80% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100


90% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100


100% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100





2.2.2.2 Cow Creek

CowCreekhasabroadandrelativelylargewatershedof430squaremilesthatisalmostequally


dividedintofifthsamongthemainstemandfouressentiallycoequaltributaries(SHN2001;


WesternShastaResourceConservationDistrict2005).Itsheadwatersreachpeaksthataregenerally


6,500–7,300feetinelevationsoithasamixedsnow/rainprecipitationregime.Significantrain‐on‐


snoweventscanoccurwith48,700cfsbeingthehighestrecordedevent(SHN2001).Thereareno
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impassablefishmigrationbarriersinthemainstem.Therearenosignificantdamsinthewatershed;


therefore,simulatedcurrenthydrologicconditionsareverysimilartounimpairedflows(Figure2.2‐


7;Table2.2‐4).Streamflowinthelowerandmiddlereachesduringthesummerandfallistypically


verylowduetodiversionsforirrigation,recreation,andhydropower(WesternShastaResource


ConservationDistrict2005;VESTRAResources2007).








Figure 2.2‐7. Cow Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐4. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Cow

Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 3 87 98 100 100 76 69 21 19 17 23 22 85 75 87


10% 58 99 100 100 100 100 91 62 30 23 34 33 95 87 95


20% 71 99 100 100 100 100 100 79 42 26 39 38 96 90 96


30% 77 100 100 100 100 100 100 84 51 29 43 40 97 91 96


40% 84 100 100 100 100 100 100 86 59 34 46 46 98 93 97


50% 88 100 100 100 100 100 100 90 67 39 55 51 98 95 97


60% 93 100 100 100 100 100 100 96 70 43 68 58 99 95 98


70% 99 100 100 100 100 100 100 100 77 50 92 84 99 96 98


80% 100 100 100 100 100 100 100 100 83 57 101 101 99 97 99


90% 100 100 100 100 100 100 100 100 100 101 102 101 100 99 100


100% 101 100 100 100 100 100 100 100 100 113 105 102 100 100 100
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2.2.3 Tributaries of the Chico Monocline

2.2.3.1 Antelope Creek

AntelopeCreekhasalongandnarrowwatershedof202squaremilesofwhich123squaremilesare


abovethevalleyfloor(Armentroutetal.1998;TehamaCountyResourceConservationDistrict


2010;StillwaterSciences2011,2015).ThethreeforksofAntelopeCreekoriginateonthewestand


southslopesof6,900footMountTurner.


BecauseoftherelativelyhighelevationofitsupperwatershedAntelopeCreekhasamixed


snow/rainfallrunoffregime(TehamaCountyResourceConservationDistrict2010).Snow


accumulationsintheupperwatershedstoreasignificantamountofwater,damplargeprecipitation


events,andshiftdischargelaterinthespring.However,rain‐on‐snoweventscancreatelargedaily


flowswiththelargestrecordedbeing17,200cfs.Thelowerelevationportionoftheupper


watershedreceivesprecipitationprimarilyasrainandlocalrunoffisrapidduetotheshallowsoil


andimpervioussurfaceoftheTuscanFormationwhichunderliesthisportionofthewatershed.The


numerousspringsdischargingfromthecanyonwallsoftheupperwatershedalsocontributeto


summerbaseflowandlowerwatertemperatures(Armentroutetal.1998)(Figure2.2‐8).


Therearefewdiversionsintheupperwatershed,butimmediatelydownstreamofthemouthofits


canyon,AntelopeCreekisblockedbytheEdwardsRanch/LosMolinosMutualWaterCompany


diversiondamandwaterisdivertednorthandsouth(TehamaCountyResourceConservationDistrict


2010;StillwaterSciences2011,2015).Thereareseveralothersmallerdiversionsbelowthediversion


dam.Stream/groundwaterinteractionsonAntelopeCreekhavenotbeenwellstudied,butresults


fromC2VSIMandSacWAMshowthatitisagainingreach(StateWaterBoard2017).


Fishmigrationisblockedapproximately2–3milesabovetheconfluencesofeachofthethreeforks


onAntelopeCreek(Armentroutetal.1998).Flow‐relatedconstraintsonfisheriesarelowsummer


flowsfromthecanyonmouthtotheSacramentoRiverandnumerousbeaverdamsthathavethe


potentialtocausestrandingandimpairmigration(StillwaterSciences2011,2015).Diversionsin


thesummermonthsreducetheinstreamflowby50percentormoreinmorethanhalfoftheyears


(Figure2.2‐8;Table2.2‐5).







State Water Resources Control Board Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
2‐27

Final





Figure 2.2‐8. Antelope Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐5. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Antelope Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 52 100 100 100 100 100 100 34 29 26 18 22 86 65 81


10% 100 100 100 100 100 100 100 100 41 31 29 33 96 74 90


20% 100 100 100 100 100 100 100 100 95 33 32 36 100 76 92


30% 100 100 100 100 100 100 100 100 100 36 33 38 100 79 93


40% 100 100 100 100 100 100 100 100 100 37 35 40 100 81 94


50% 100 100 100 100 100 100 100 100 100 39 38 43 100 83 95


60% 100 100 100 100 100 100 100 100 100 44 39 69 100 84 96


70% 100 100 100 100 100 100 100 100 100 58 41 87 100 87 96


80% 100 100 100 100 100 100 100 100 100 100 44 100 100 91 98


90% 100 100 100 100 100 100 100 100 100 100 53 100 100 95 98


100% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100





2.2.3.2 Deer Creek

DeerCreekhasawatershedareaof298squaremiles(includingthevalleyreach)(Armentroutetal.


1998;TompkinsandKondolf2007a)andoriginatesfromanumberoftributariesflowingfromthe


MillCreekPlateau,theLostCreekPlateau,andanumberofindividualpeakswithButtMountain,at


anelevationofapproximately7,900feet,beingthehighest.Becauseoftherelativelyhighelevation


ofitsupperwatershedDeerCreekhasamixedsnow/rainfallrunoffregime(Armentroutetal.1998;
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TompkinsandKondolf2007a).Snowaccumulationsandtherelativelylargeareaofthemeadow


systemintheupperwatershedstoreasignificantamountofwater,damplargeprecipitationevents,


andshiftdischargelaterinthespring.However,rain‐on‐snoweventscancreatelargedailyflows


withthelargestrecordedbeing24,000cfs(TompkinsandKondolf2007a).Thelowerelevation


areasoftheupperwatershedreceiveprecipitationprimarilyasrainandlocalrunoffisrapiddueto


theshallowsoilandimpervioussurfaceoftheTuscanFormation.


ThelatespringandsummerhydrologyofthevalleyfloorsectionofDeerCreekhasbeenextensively


modifiedbythreediversiondams:Stanford–VinaRanchDiversionDam,Cone‐KimballDiversion


Dam,andtheDeerCreekIrrigationDistrictDiversionDam(TompkinsandKondolf2007a).Thereis


alsoafloodcontrolleveesystemthatconstrainsanddivertsfloodflowsuptopeakflowsof


approximately16,000cfs(TompkinsandKondolf2007a).


StudieshaveshownthatminimalstreamflowislosttoshallowaquifersonthelowerportionofDeer


Creek(BrownandCaldwell2013;DWR2004,2009a).Only1TAF/yrisestimatedtobelostonDeer


CreektogroundwateronaverageinthecurrentconditionssimulationinSacWAM.


FishmigrationisblockedatUpperDeerCreekFalls(Armentroutetal.1998).Fisheryconstraintsare


restrictedtothevalleyfloorreachandincludediversiondamsthatimpedeorblockpassage,


elevatedwatertemperatures,andlowflowsinlatespringandsummer(Armentroutetal.1998).


DiversionsprimarilyaffecttheinstreamflowsonDeerCreekinthesummermonthswhenthe


unimpairedflowsarealreadyverylow.DeerCreekhasessentiallynowaterinthesummermonths


inmanyyears(Figure2.2‐9;Table2.2‐6).








Figure 2.2‐9. Deer Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows
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Table 2.2‐6. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Deer

Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 32 100 100 100 100 100 77 25 1 2 2 3 87 52 81


10% 100 100 100 100 100 100 88 75 42 3 3 4 93 63 87


20% 100 100 100 100 100 100 89 81 74 4 4 7 94 71 89


30% 100 100 100 100 100 100 92 86 98 6 4 28 95 74 90


40% 100 100 100 100 100 100 94 95 100 20 5 51 96 78 91


50% 100 100 100 100 100 100 96 100 100 29 6 81 97 79 92


60% 100 100 100 100 100 100 97 100 100 61 13 94 98 83 93


70% 100 100 100 100 100 100 100 100 100 86 28 100 98 85 94


80% 100 100 100 100 100 100 100 100 100 100 58 100 99 89 95


90% 100 100 100 100 100 100 100 100 100 100 84 100 100 95 97


100% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 99





2.2.3.3 Mill Creek

MillCreekhasawatershedareaof130squaremiles(Armentroutetal.1998;Kondolfetal.2001).


ItswatershedisverynarrowandelongatedandoriginatesontheupperslopesofMountLassen


(10,500feet),flowssouthwardtotheMillCreekPlateau,andsoonafterwardbendstothesouthwest


towardtheSacramentoValley(Armentroutetal.1998;Kondolfetal.2001;CDFW2014).MillCreek


runsinitsdeepcanyonandhasnosignificanttributaries(Armentroutetal.1998;Kondolfetal.


2001;ClynneandMuffler2010;DWR2014;MufflerandClynne2015).


BecauseoftherelativelyhighelevationofitsupperwatershedMillCreekhasamixedsnow/rainfall


runoffregime(Armentroutetal.1998;Kondolfetal.2001).Snowaccumulationsonthesidesofthe


highelevationpeaksintheupperwatershedstoreasignificantamountofwater,damplarge


precipitationevents,andshiftdischargelaterinthespring.However,rain‐on‐snoweventscancreate


largedailyflows,withthelargestrecordedbeing36,400cfs(Kondolfetal.2001).Thelowerelevation


areasoftheupperwatershedreceiveprecipitationprimarilyasrainandlocalrunoffisrapidduetothe


shallowsoilandimpervioussurfaceoftheTuscanFormation.Asignificantamountofsummerandfall


basefloworiginatesfromhydrothermalspringsonBrokeoffMountain,BumpassMountain,and


DiamondPeak(Armentroutetal.1998;ClynneandMuffler2010;MufflerandClynne2015).


ThehydrologyofthefloodplainsectionofMillCreekhasbeenaffectedbytwodiversiondams:


UpperDiversionDamandWardDamDiversion(Armentroutetal.1998;CDFW2014;Tehama


EnvironmentalSolutions2015).Diversionsfromthosedamssignificantlyaffectlate‐spring,


summer,andfallflowsbutthoseimpactsarepartiallymitigatedthroughsurfacewatertransferand


groundwaterconjunctiveuseagreements(USDOI2002;LMMWC2007)(Figure2.2‐10).Astream


andgroundwaterinteractionstudyforaMillCreekfoundthatinteractionswereverysmall(Brown


andCaldwell2013).SacWAMestimatesthat2TAF/yrisgainedonMillCreekfromgroundwateron


averageinthecurrentconditionssimulation.


FishmigrationisblockedinMillCreek48milesabovetheSacramentoRiverneartheLittleMill


Creekconfluence(Armentroutetal.1998).Theprimaryimpairmentsforanadromousfishinthe


MillCreekwatershedarelowlate‐spring,summer,andfallflows(Table2.2‐7)andrelated


temperatureissues(Armentroutetal.1998;USDOI2002;LMMWC2007).
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Figure 2.2‐10. Mill Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐7. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Mill

Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 6 39 99 100 100 80 31 2 2 4 3 5 61 36 51


10% 19 99 100 100 100 100 82 23 4 4 6 6 74 45 68


20% 32 99 100 100 100 100 100 40 4 5 7 7 79 50 71


30% 40 100 100 100 100 100 100 53 15 5 7 8 82 55 74


40% 44 100 100 100 100 100 100 60 21 6 8 8 84 58 76


50% 49 100 100 100 100 100 100 65 35 6 8 9 85 61 79


60% 56 100 100 100 100 100 100 76 45 7 9 10 90 64 84


70% 66 100 100 100 100 100 100 100 55 8 10 27 93 71 86


80% 82 100 100 100 100 100 100 100 62 16 72 99 95 77 90


90% 100 100 100 100 100 100 100 100 100 100 98 100 100 92 97


100% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100





2.2.3.4 Paynes Creek

PaynesCreekhasawatershedareaof93squaremiles(TehamaCountyResourceConservation


District2010)withitsoriginatanelevationofapproximately5,300feet.Theupperwatershedof


PaynesCreekreceivesprecipitationprimarilyasrainandrunoffisrapidduetotheshallowsoiland


impervioussurfaceoftheTuscanFormation,whichunderliesthisportionofthewatershed.Apeak
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dailyflowof10,600cfshasbeenrecordedandflowsduringthesummerareverysmallandthe


streamcanbecomeintermittent(TehamaCountyResourceConservationDistrict2010).Thereare


nodamsonPaynesCreekbutthereareseveralsmalldiversionsthatreducethespringandsummer


flows(TehamaCountyResourceConservationDistrict2010).SacWAMdoesnotincludeany


diversionsfromPaynesCreek;therefore,thecurrentsimulatedconditionsareequaltothe


unimpairedresults,sotheboxplotandtablearenotpresented.


2.2.4 Tributaries of the Klamath Mountains

2.2.4.1 Clear Creek

ClearCreekhasawatershedareaof249squaremilesbutonly49squaremilesand16rivermiles


arebelowtheWhiskeytownDam.Asaresult,reservoiroperationscompletelydominatethe


hydrologyofLowerClearCreek(WesternShastaResourceConservationDistrict1996).Abovethe


reservoirnumeroussmalltributariesheadintotheTrinityMountainsandanumberofisolated


peakswithmaximumelevationsof6,200feet(TetraTech1998).Occasionallytherearelargewinter


peakfloweventsandsnowcanremainonthepeaksthroughJune.Approximately21percentofthe


volumeofwaterintheWhiskeytownReservoirisfromUpperClearCreekandtheother79percent


isimportedfromtheTrinityRiver.About13percentofthestoredwaterisreleasedintoLowerClear


Creekandtheremaining87percentisdivertedtotheSpringCreekPowerhouseanddischargedinto


theKeswickReservoir,whichreducestheinstreamflowinClearCreekinthespring(Figure2.2‐11;


Table2.2‐8).FlowsonClearCreekareoftenhigherthanunimpairedflowsinthesummerandfall


duetoaninstreamflowrequirementatIgodesignedtoprotectnativefisheriesduringthehot


summermonths.








Figure 2.2‐11. Clear Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows
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Table 2.2‐8. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Clear

Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 54 14 14 14 14 14 14 19 19 24 14 15 17 24 20


10% 117 32 15 14 15 14 14 39 37 49 60 79 20 46 28


20% 135 59 20 15 15 15 18 47 53 61 75 115 23 54 30


30% 190 86 31 21 16 18 23 55 63 80 116 145 25 69 35


40% 272 132 41 26 19 21 31 74 75 93 172 257 29 78 39


50% 328 172 64 36 23 26 41 86 89 104 213 337 35 89 48


60% 417 189 86 55 32 34 48 118 102 155 324 600 43 112 59


70% 523 253 101 75 44 40 56 143 131 220 458 909 47 171 67


80% 729 345 199 101 58 53 71 176 158 287 814 AZ 65 255 80


90% AZ 590 369 159 98 79 101 253 228 984 AZ AZ 89 372 116


100% AZ AZ AZ AZ 258 279 339 AZ AZ AZ AZ AZ 167 1,057 251


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.





2.2.5 Tributaries of the Paleochannels and Tuscan Formation

2.2.5.1 Butte Creek

ButteCreekisformedbytheconvergenceofanumberofsmalltributariesflowingfromthe


7,000‐footpeakssurroundingtherelativelylargeJonesvillebasin,whichisatanelevationof6,000


feet(ButteCreekWatershedProject1998).Itsupperwatershedcomprises140squaremilesofits


total797squaremiles.DuringtheirrigationseasonButteCreekdischargesthroughtheButte


SloughOutfallGatesatthewesternsideoftheSutterButtesbutotherwiseitdrainssouthwardinto


ButteSloughintheSutterBypass,passesthroughlargeareasofirrigatedagriculture,anddischarges


throughtheSacramentoSloughintotheSacramentoRiver(ButteCreekWatershedProject1998).


BecauseoftherelativelyhighelevationofitsupperwatershedButteCreekhasamixed


snow/rainfallrunoffregime(ButteCreekWatershedProject1998).Snowaccumulationsinthe


upperwatershedstoreasignificantamountofwater,dampenlargeprecipitationevents,andshift


dischargelaterinthespring.Thelowerelevationportionoftheupperwatershedreceives


precipitationprimarilyasrainandlocalrunoffisrapidduetotheshallowsoilandimpervious


surfaceoftheTuscanFormationwhichunderliesthisportionofthewatershed.Thereareinfrequent


rain‐on‐snoweventswhichhavegenerateddailyflowsofupto26,600cfsandminimumwetseason


flowsduringdroughtareapproximately500cfs(ButteCreekWatershedProject1998).


ThehydrologyofButteCreekhasbeenextensivelymodifiedanddeveloped.Intheupperwatershed


thereareanumberofdams,hydroelectricprojects,anddiversions,andimportedwaterfromthe


FeatherRiverwatershedthatsignificantlyalterthetimingandmagnitudeofflowsandalsoaffect


watertemperature(ButteCreekWatershedProject1998;Williamsetal.2002).


SacramentoRiverfloodflowsoftencompletelyovertopthevalleyfloorreachofButteCreekinthe


ButteandSutterbasins.Thesecombinedflowsstartintheuppertwo‐thirdsoftheButtebasinand


drainintothewideupperendoftheButteSinkareawhichisthesouthernmostsectionand


remainingone‐quarterofButtebasin.ThecombinedflowsenterButteSinkatthe60‐footelevation


contourneartheMoultonWeir(Bryan1923),convergesouthward,andwraparoundthewestside
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oftheSutterButtes.ButteSinkisboundedtothewestbythe30‐foothighnaturalleveeofthe


SacramentoRiverwhichforcesButteCreektothesoutheastandisboundedtotheeastbytheSutter


Buttes.ThenaturallyincisedchannelofButteCreek,whilesometimesimmerseddeeplybybasin


andsinkfloodflows,persistsasadefinedchannelthatdischargesintoButteSloughwhichdrains


intotheSutterbasin(USGS1913;Bryan1923;Carpenteretal.1926;OlmstedandDavis1961;DWR


2012).


SacramentoRiverflowscanentertheButtebasinthroughsixlocations(DWR2010a,2010b,2012).


WhenflowsintheSacramentoRiverexceed30,000cfs,floodwatersflowovertheColusaWeir


(70,000cfsdesignedcapacity)intothemainsectionoftheButteSink(DWR2010a,2012).Normally,


theColusaWeirdoesnotovertopuntilaftertheTisdaleWeirisalsospilling,whenSacramentoRiver


flowisgreaterthanabout23,000cfs,exceptforfloodeventsthatarecharacterizedbyrapidrisein


SacramentoRiverstage(CDFW2017;USGS2017).WhenflowsintheSacramentoRiverexceed


70,000cfs,floodwatersflowintotheupperendoftheButteSinkovertheMoultonWeir(25,000cfs


designedcapacity)(DWR2010a,2012).WhenflowsintheSacramentoRiverexceed100,000cfs


watercanpassintothebasinatitsupperendthroughtheM&TandParrotPlugflowrelief


structures,theThree‐Bsoverflowarea,andanemergencyoverflowroadway(DWR2010a,2012).


Thevalleyfloorreachisknowntolosesurfacewatertogroundwaterrechargewhereittraverses


theChicoalluvialfanbuttheamountofthatlosshasnotbeendeterminedbysite‐specificstudies


(Moranetal.2005).SacWAMestimatesthestreamlosstogroundwatertobe‐32TAF/yronaverage


fromButteCreek(StateWaterBoard2017).


TheQuartzBowlFalls,aboutamilebelowtheDeSablaPowerhouse,isanaturalbarrierthatcan


blockfishpassage(ButteCreekWatershedProject1998).Salmonandsteelheadcannotget


upstreamoftheQuartzBowlFallsonaregularbasisbuthavebeenobservedinseveralinstances


whenspringflowsweregreaterthan2,000cfs(WardandMoberg2004;DWR2005).Lowflowsand


highwatertemperaturesduringthesummer,importedwaterobscuringmigratorycuesfromnatal


streamwater,andthelackofadefinedchannelfromthelowerButtebasintotheSacramentoRiver


aretheprimaryfisheryissues.


Importedwaterinthefoothillreachprovidesbeneficialcolderwaterduringthesummer,andrunoff


fromricefieldsintheFeatherRiverServiceAreaaugmentstheflowsinothermonths(Figure2.2‐12;


Table2.2‐9).
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Figure 2.2‐12. Butte Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐9. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Butte

Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 121 127 150 132 108 122 112 145 197 283 290 149 135 200 157


10% 187 272 180 145 118 134 120 161 249 381 411 209 147 237 172


20% 198 356 215 170 125 140 123 181 264 409 439 222 151 269 180


30% 212 430 260 187 131 148 126 187 294 446 470 233 158 317 196


40% 225 500 329 202 134 156 128 193 327 465 481 241 165 352 208


50% 230 585 378 227 137 159 130 204 348 480 498 252 176 395 222


60% 239 664 465 264 142 164 132 214 376 509 524 267 180 431 234


70% 252 724 573 295 147 173 135 232 409 528 544 275 196 455 258


80% 259 783 630 352 152 182 138 247 443 567 556 293 207 494 275


90% 275 861 825 422 162 200 145 278 483 585 589 311 222 525 299


100% 331 994 1,064 648 196 278 156 385 670 675 649 404 305 607 383





2.2.5.2 Big Chico Creek

BigChicoCreekoriginatesfromsurfacerunoffandspringsfromColbMountainandhasa72square


milewatershedinthefoothills(BigChicoCreekWatershedAlliance2014)andacombined


valley/foothillwatershedof359squaremiles.BecauseofColbMountain’srelativelylowmaximum


elevationof5,400feet,mostofitsprecipitationfallsasrainbutcolderwinterstormsoftenproduce


significantamountsofsnowwhichcanpersistintheshadeofthemountain’smixedconiferous
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forestreducingthepeakstormrunoffandincreasingthedurationofwinterflows.However,rainfall


isthedominantsourceofprecipitationovermostofthewatershedandrunoffisrapidduetothe


shallowsoilandimpervioussurfaceoftheTuscanFormationwhichunderliestheentireupland


watershed.BigChicoCreekhastwosignificanttributaries,MudandRockCreeks,whichoriginatein


thefoothillsatelevationsbelow4,000feet.TheirwatershedsarealsoontheTuscanFormationand


therefore,runoffisrapid.


TherearenolargereservoirsordiversionsontheuplandreachesofBigChicoCreekorits


tributaries(BigChicoCreekWatershedAlliance2014).AtthelowerendofButteMeadowsatan


elevationof4,400feetthereisasmalldamthatcreatesaswimmingpond.BigChicoCreekisfree


flowingfromtheButteMeadowstotheFiveMileDamfloodcontrolstructurewhichdivertswinter


floodflowsintotheLidoFloodControlChannel.ThoseflowsandtheflowsoftheSycamore


DiversionCanalrejoinBigChicoCreek2.5milesupstreamofitsconfluencewiththeSacramento


River.MudandRockCreeksjoinBigChicoCreekbelowtheLidoFloodControlChannelconfluence.


BelowFiveMileDamisOneMileDam,aninflatabledamandfishladdercomplexthatisoperated


duringthewarmseasontocreateaswimmingpondwithinthechannelofBigChicoCreek.Thereare


anumberofsmallwaterdiversionsfromBigChicoCreekanditstributaries.BigChicoCreek


maintainsasummerbaseflowof20–25cfsinitsreachacrossthevalleyfloortotheSacramento


Riverwhileitstributariesbecomedrybeforereachingthevalleyfloor.


ThevalleyfloorreachisknowntolosesurfacewatertogroundwaterrechargewhereitandtheLido


FloodControlChanneltraversetheChicoalluvialfanbuttheamountofthatlosshasnotbeen


determinedbysite‐specificstudies(Moranetal.2005).


ThewaterfallabovetheHigginsHoleatrivermile(RM)24onBigChicoCreekisanimpassable


barrierforanadromousfish.Thatholeandanumberofotherholesimmediatelydownstream


generallyprovideexcellentoversummerholdinghabitatforspring‐runChinooksalmon(BigChico


CreekWatershedAlliance2014).ThereachfromtheSacramentoRivertojustupstreamoftheLido


FloodControlChannelprovidesgoodrearinghabitat.JuvenilesaresometimesstrandedintheLido


FloodControlChannelwhenfloodflowsdroprapidly.Theprimaryimpairmentsforanadromous


fishintheBigChicoCreekwatershedarelowlate‐springandsummerflowsanddeficienciesofthe


IronCanyonFishLadder.ThehydrologyofBigChicoCreekhasnotbeensignificantlyimpairedona


monthlytimescalebyupstreamdiversions.SacWAMdoesnotincludeanydiversionsfromBigChico


Creekinthemodel;therefore,thesimulatedcurrentconditionsandtheunimpairedflowsarethe


same,sothechartandtablearenotpresented.


2.2.6 Tributaries of the Northern Sierra Nevada

2.2.6.1 Feather River

TheFeatherRiverhasawatershedof4,400squaremileswith3,600squaremilesaboveLake


Orovilleandtheremainderbelow—notcountingthewatershedsoftheYubaandBearRiversand


otherfoothilltributaries(Koczotetal.2005;SacramentoRiverWatershedProgram2010).Itrunsto


itsconfluencewiththeSacramentoRiverfromanelevationof10,400feetonMountLassenalthough


mostofitsheadwatersintheSierraNevadaandDiamondMountainsarebelow7,000feet(Koczotet


al.2005).


AboveLakeOrovilletherearefourmainforksthatincludetheWestBranch,theNorthFork,the


MiddleFork,andtheSouthFork.Additionally,theNorthForkisoftenconsideredtohaveanUpper


NorthFork(upstreamofLakeAlmanor[1.3MAFcapacity])andanEastBranch.Thefourriverforks
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andtwobranchesoftheNorthForkprovideanaverageannualinflowtoLakeOroville(3.54MAF


capacity)of4.54MAF.PacificGasandElectricCompany(PG&E)divertsapproximately45TAFfrom


theWestBranchthroughtheToadtownCanaltoButteCreek.TheSouthFeatherPowerProject


divertsapproximately85TAF/yrfromSlateCreek(tributaryoftheNorthYubaRiver)intothe


FeatherRiverwatershed.Additionally,SierraValleyontheMiddleForkandIndianValleyonthe


EastBranchcontainlargeareasofirrigatedagricultureforforageandhay(Koczotetal.2005;


Georgeetal.2007).


Withthegenerallylowelevationoftherangesandbecauseapproximately60percentofthe


watershedliesbelowthe5,500‐footsnowline,thetypeofprecipitationisverysensitiveto


temperaturefrequentlywithrain‐on‐snowduringthedayandsnowatnight(Koczotetal.2005).


TheFeatherRiverwatershedisresponsivetolargerain‐on‐snoweventsandduringFebruary1986


instantaneousinflowtoLakeOrovillereached266,000cfs(USGS2013a).Thetimingofpeak


monthlyinflowintoLakeOrovillevariesfromMarchthroughMayaccordingtothephaseofthe


PacificDecadalOscillationandhydropoweroperations(Koczotetal.2005).


OrovilleDamisanimpassablefishbarrierandthelossofhabitatisamajorimpactonfisheries


althoughspawninghabitatrestorationactionsarebeingimplementedintheLowerFeatherRiver


(DWR2007a).FlowsintheLowerFeatherRiverarehighlydependentonreleasesfromOroville


DamanddiversionsfromThermalitoAfterbay.Additionaldiversionsforagriculturebywaterrights


holdersaswellasSWPcontractorsreduceinstreamflowsabovetheconfluencewiththeYubaRiver.


ThelargeeffectofSWPoperationsontheFeatherRiverisshowninFigure2.2‐13andTable2.2‐10,


whereundercurrentconditionswinterandspringflowsaregreatlyreducedandsummerflowsare


muchhigherthanunimpairedflows.TheJanuary–JuneimpairmentoftheFeatherRiverabovethe


confluencewiththeYubaRiverrangesbetween14and81percent,andmorethanhalfoftheyears


modeled,theimpairedflowislessthan42percentoftheestimatedunimpairedflowduring


January–June(Table2.2‐10).







Figure 2.2‐13. Feather River above Confluence with the Yuba River Simulated Current Conditions

(gray) and Unimpaired (white) Monthly Flows
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Table 2.2‐10. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Feather River above Confluence of Yuba River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 19 8 11 11 11 9 5 7 13 49 32 33 14 43 38


10% 76 35 18 19 16 16 9 12 32 107 96 83 20 98 55


20% 96 50 23 25 22 20 11 16 43 182 204 98 26 114 62


30% 139 63 34 29 25 25 12 21 52 240 266 193 31 131 68


40% 179 70 43 35 29 27 14 27 63 288 315 330 36 152 70


50% 201 80 53 43 37 37 17 31 66 330 359 371 42 167 74


60% 216 93 66 48 46 53 21 38 75 353 376 407 45 181 76


70% 231 109 75 64 56 62 34 44 93 387 406 448 54 209 80


80% 250 124 94 78 75 79 47 52 120 409 432 483 60 225 83


90% 283 135 132 94 92 91 63 63 132 439 464 531 70 252 90


100% 323 164 300 145 106 110 87 161 262 544 544 615 81 329 119





GroundwaterinteractionsarecomplexalongtheLowerFeatherRiverastheyrespondtodroughts,


seasonalgroundwaterpumping,seepagefromtheThermalitoReservoir,localexpressionofthe


underlyinggeologicformations,andflowsfromtheriverchannelthroughunderlyingpaleochannels


oftheFeatherRiver(Busaccaetal.1989;BakerandPavlik1990;Blairetal.1992;CDM2008;


Springhorn2008;WoodRodgers2012).InSacWAMundercurrentconditions,streamlossesto


groundwaterareestimatedtobe‐138TAF/yrinawetyearbutgains61TAF/yronaverageina


criticalyear(StateWaterBoard2017).


BelowinflowsfromtheYubaandBearRivers,themuchlargerFeatherRiver(Figure2.2‐14)


meandersfor12mileswheretwominoragriculturaldiversionsexistbeforemeetingwiththe


SacramentoRiver.TheYubaandBearRiversaddmoreflowinthespringtotheFeatherRiver,often


increasingthepercentofunimpairedflowreachingtheSacramentoRiver.Abovetheconfluence


withtheSacramentoRiver,theJanuary–Junecurrentconditionsasapercentageofunimpairedflow


rangesfrom28to81percentandislessthan43percentinhalfoftheyears.Monthlyaverage


unimpairedflowsduringthefall,winter,andspringaresignificantlylowerinsomeyears,withflows


aslowas11percentofunimpairedinAprilandMay(Table2.2‐11).




State Water Resources Control Board Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
2‐38

Final








Figure 2.2‐14. Feather River at Confluence with the Sacramento River Simulated Current

Conditions (gray) and Unimpaired (white) Monthly Flows







Table 2.2‐11. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Feather River at Confluence of Sacramento River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 41 26 19 22 19 19 11 11 37 69 42 49 28 47 45


10% 77 44 30 29 28 27 15 24 61 109 110 102 31 92 56


20% 97 52 36 36 31 29 16 28 67 170 175 118 33 105 60


30% 118 59 41 41 36 32 17 31 71 206 221 187 36 117 64


40% 143 69 49 46 39 35 18 33 74 243 257 255 39 126 68


50% 152 79 52 49 45 41 21 38 83 275 278 299 43 138 71


60% 164 89 66 56 49 55 24 46 87 298 298 329 51 151 73


70% 173 97 75 67 60 64 37 51 94 322 311 347 58 169 76


80% 180 111 89 77 77 72 48 59 109 340 336 377 66 182 79


90% 197 118 114 91 87 84 62 67 135 368 364 409 71 213 81


100% 244 146 230 114 97 98 77 118 196 414 443 452 81 264 95





2.2.6.2 Yuba River

TheYubaRiverhasawatershedof1,339squaremilesandrunstoitsconfluencewiththeFeather


Riverfromanelevationof8,600feetatthecrestoftheSierraNevada(HDRandSWRI2007).There


arethreeforkswiththefollowingwatershedareas:NorthFork,490squaremiles;MiddleFork,210


squaremiles;andSouthFork350squaremiles(UYRSPST2007).TheYubaRiverwatershedis
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responsivetorain‐on‐snoweventsandduringtheJanuary1997rain‐on‐snoweventinstantaneous


flowatMarysvillereached180,000cfs(Entrix2003).Historically,priortotheconstructionofNew


BullardsBarandEnglebrightDams,peakmonthlyrunoffwasgeneratedbysnowmeltduringApril


andMay(Pasternack2009).FlowsintheLowerYubaRiverduringtheJulytoJanuarylow‐flow


seasonappeartohaveincreasedsinceconstructionofthedams(Pasternack2009)butstreamflow


gagerecordsonlybeganaftermostofthehighelevationdamshadbeenconstructed.


TheNorthandMiddleForksoftheYubaRiverjoininthefoothillsjustbelowNewBullardsBar


ReservoirandafewmilesmoredownstreamarejoinedbytheSouthFork,whichthenflowsintothe


relativelysmallEnglebrightLake(70TAF).YubaRivercanbenaturallydividedintothreesections.


Theuppersectionsofeachofthethreeforksrunthroughaseriesofglaciatedbasinsatelevations


rangingfrom5,500to7,000feet(Jamesetal.2002;James2003;NID2011).Belowtheglaciated


basinstothetoeofthefoothillsjustbelowEnglebrightReservoirthethreeforksandmainstemrun


throughdeepandnarrowparallelcanyonswithrelativelysteepgradients(NID2011).


Therearemanyhydropowerreservoirsanddiversionsintheupperwatershedwhichaffectthe


timingofinflowstoNewBullardsBarandEnglebrightReservoirs.Additionallytherearemajor


transfersofwateroutofthewatershed.TheSlateCreekDiversion(discussedaboveintheFeather


Riversection)divertsonaverageabout85TAF/yrfromtheNorthForkYubaRiverintotheFeather


Riverwatershed,andtheDrumCanaldivertsonaverageabout350TAF/yrfromtheSouthFork


YubaRiveratLakeSpauldingtotheBearRiver.


NewBullardsBarReservoirontheNorthForkisbyfarthelargestreservoirintheYubaRiver


watershed,withstoragecapacityofabout960TAF.WhilereservoirsontheMiddleForkaresmaller,


NorthForkwatercanbetransferredtoeithertheNorthForkortheSouthForkupstreamatOur


HouseDiversionDam,LogCabinDiversionDam,andMiltonReservoir.Similarly,reservoirsonthe


SouthForkarerelativelysmall,but,asstatedabove,SouthForkwatercanbetransferredtotheBear


RiveratLakeSpaulding.Asaresult,winterandspringflowsontheLowerYubaRivermaybe


dominatedbyunregulatedSouthForkflowdownstreamofLakeSpaulding,MiddleForkflowthat


couldnotbetransferredtotheotherforks,orflowfromDeerandDryCreeks.However,whenflood


releasesaremadefromNewBullardsBarReservoirontheNorthFork,theseflowsmaydominate


flowsintheLowerYubaRiver.


EnglebrightDamblocksfishpassageontheYubaRiverandthemajorimpactsonfisheriesare


primarilyduetothelossofspawninghabitataboveEnglebrightandtheotherdams.Therehave


beenanumberofoperationsagreementstomaintainflowandwatertemperaturebelow


EnglebrightDam(Pasternack2009;NID2011;USACE2013,2014)andprovidespawninghabitat


restorationactionsintheLowerYubaRiver(Pasternack2009;NID2011;USACE2013,2014).Plans


forfishpassageaboveEnglebrightReservoirandNewBullardsBarReservoirarebeingdiscussedas


partoftheBiOpforcontinuedoperationofEnglebrightReservoirandDaguerrePointDamandthe


multipleFederalEnergyRegulatoryCommission(FERC)projectsgoingthroughrelicensinginthe


YubaRiverwatershed(DWR2016c).


GroundwaterinteractionsarecomplexalongtheLowerYubaRiverastheyrespondtodroughts,


seasonalgroundwaterpumping,andmovementofstreamwaterintoandoutofthelargedepositsof


hydraulicminingsediment(Entrix2003).However,despitethosecomplexities,flowintheLower


YubaRiverisdominatedbytheoperationsofNewBullardsBarReservoiranddiversionsat


DaguerrePointDam.ReservoirstorageanddiversionsontheYubaRiverhavegreatlyreducedflows


ontheLowerYubaRiverduringthespringmonths,havereducedwinterpeakflowsandhave


reducedthevariabilityinmonthlyflows(Figure2.2‐15).Thewinter‐springYubaRiverimpaired


flowasapercentageofunimpairedflowrangesfrom18to78percentandislessthan47percent
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halfoftheyears.FlowsinallmonthsexceptSeptemberarealsosignificantlyreducedinsomeyears,


butaregenerallyreducedinthewetseasonandincreasedinthedryseason(Table2.2‐12).








Figure 2.2‐15. Yuba River Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐12. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Yuba River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 35 28 17 21 18 18 10 8 10 26 37 82 18 43 34


10% 52 39 31 29 26 24 14 20 37 98 128 135 27 79 42


20% 58 44 36 34 31 25 17 30 67 116 140 150 33 82 47


30% 63 49 40 39 34 29 18 37 101 149 148 155 37 85 50


40% 70 56 46 42 39 33 19 45 104 168 157 163 42 87 55


50% 76 63 51 53 47 38 23 53 107 200 163 170 47 94 58


60% 82 69 58 59 56 42 25 60 112 218 171 177 55 105 64


70% 88 78 65 69 64 52 32 65 115 244 179 190 60 113 69


80% 93 90 71 73 70 57 40 72 124 267 186 200 68 125 72


90% 106 106 83 80 77 65 49 78 138 298 205 229 72 139 76


100% 196 131 140 185 129 79 73 84 226 387 269 269 78 173 79
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2.2.6.3 Bear River

TheBearRiverhasawatershedof292squaremilesandrunsfromanelevationof5,500feetinthe


SierraNevadatoitsconfluencewiththeFeatherRiver.TheBearRivercanbedividedintoanupper


sectionaboveRollinsReservoir,amiddlesectionaboveCampFarWestReservoir,andalower


sectionintheSacramentoValleyfromCampFarWestReservoirtotheFeatherRiverconfluence


(James1989).


ThehydrologyoftheBearRiverhasbeenextensivelyalteredthroughacomplexseriesofpower


diversionandstoragedams,exportsandimportsofwatertoandfromadjacentwatersheds,andthe


fillingandsubsequentincisionofthehydraulicminingsedimentinthechannel(StateWaterBoard


1955;James1989;NID2008,2010,2011;NMFS2014b).LowminimumflowreleasesfromCamp


FarWestReservoirduringmostoftheyeararethelargestimpactonanadromousfishintheriver


(NMFS2014b),withflowsfrequentlybelow50percentofunimpairedinwinter‐springmonths


(Table2.2‐13;Figure2.2‐16).








Figure 2.2‐16. Bear River Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows
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Table 2.2‐13. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Bear

River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 31 28 24 16 15 24 24 33 48 55 94 65 37 40 53


10% 51 36 34 29 27 36 36 50 75 85 121 88 51 61 63


20% 55 48 42 36 38 61 42 67 82 93 140 105 68 70 71


30% 63 59 48 44 55 84 52 82 86 111 161 118 71 75 77


40% 71 66 58 55 74 95 62 89 92 124 179 133 77 84 83


50% 78 79 69 61 87 104 82 93 98 145 200 153 85 92 87


60% 87 84 78 85 97 108 92 97 104 162 225 183 92 99 91


70% 102 94 86 95 105 111 102 99 115 182 260 221 101 105 97


80% 112 112 97 103 108 113 113 110 147 207 295 242 107 117 101


90% 132 139 113 112 112 122 125 124 199 260 335 340 109 133 104


100% 305 378 144 135 138 142 210 232 299 300 406 592 120 175 128





2.2.6.4 American River

TheAmericanRiverhasawatershedof1,900squaremilesthatrangesinelevationfrom23tomore


than10,000feet(USFWS1995).Inthelowerfoothills,theriverbranchesintotheNorth,Middle,and


SouthForks.Additionally,theSouthandMiddleForkshavesignificanttributaries,SilverCreekandthe


RubiconRiver,respectively(PCWA2007;FERC2008;NID2008).TheAmericanRiverwatershedis


veryresponsivetorain‐on‐snoweventsasithasanalmostequalproportionofrainandsnow,a


significantareaofitswatershedatmoderateelevations,islocatedwherestormsaremostlikelyto


produceintenseprecipitation,andisintherelativelysmallregionoftheSierraNevadaandCascade


Rangethatbecomeswarmestduringrain‐on‐snowevents(Dettinger2005).DuringtheJanuary1997


rain‐on‐snoweventinstantaneousinflowtoFolsomReservoirreached253,000cfs(NOAA2016).


Therearealargenumberofdiversionsinthewatershed,13majorreservoirs,andimportsofwater,


aswellastransfersbetweenthethreeforks(USFWS1995;PCWA2007;FERC2008;NID2008,


2011).Hydropowerreservoirs,diversions,andinter‐basintransfersupstreamofFolsomReservoir


reducetheinflowtoFolsomReservoirduringthespringandincreasetheinflowduringthesummer


months.TherearetwotransfersofwaterintotheAmericanRiverwatershed;oneviatheSouth


CanalfromtheBearRiverwhichtransfersabout100TAF/yronaverageandonefromSlyPark


Creek,atributaryoftheCosumnesRiver,ofapproximately20TAF/yr.Therearetwomain


diversionsaboveFolsomReservoirtoPlacerCountyWaterAgency(PCWA)andElDoradoIrrigation


District.


FolsomReservoirisoperatedforfloodcontrol,urbanuseswithinthebasin,Deltasalinitycontrol,


andagriculturalusessouthoftheDelta.Howeachoftheseusescontrolreleasescanbecomplex;


however,flowsonthelowerAmericanarelowerinthespringandhigherinthesummerwhen


comparedtounimpairedconditions(Figure2.2‐17).Table2.2‐14showsthatcurrentconditionsare


lessthan50percentofunimpairedflowatthemouthoftheAmericanRivernearly70percentofthe


timeinApriland70percentofthetimeinMay.January–Juneflowsrangefrom32to86percentof


unimpairedflows.
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GroundwaterinteractionsnorthofthecurrentchannelaredominatedbywellpumpingintheMehrten


andLagunaFormations(DWR1974)andnowisconsideredtobealosingreach(DWR2013a).In


SacWAMundercurrentconditionsthereachisassumedtoloseabout‐44TAF/yronaverage.








Figure 2.2‐17. American River Simulated Current Conditions (gray) and Unimpaired (white)

Monthly Flows







Table 2.2‐14. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

American River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 102 43 17 18 7 10 6 8 33 66 268 73 32 115 64


10% 174 73 43 38 28 29 19 24 60 118 407 335 40 142 73


20% 227 101 81 58 37 37 27 29 70 158 452 441 44 163 81


30% 306 146 92 72 62 41 31 34 75 268 507 527 52 193 87


40% 350 207 100 85 79 45 33 36 78 332 585 602 55 259 90


50% 411 273 102 97 99 52 40 39 81 428 628 682 58 300 92


60% 475 339 119 101 101 55 45 43 86 520 741 795 63 337 94


70% 562 423 208 106 104 62 51 47 101 624 804 902 71 384 98


80% 672 535 258 113 110 70 58 54 129 783 1,060 1,262 76 492 103


90% 815 774 386 188 119 76 65 65 189 947 1,487 AZ 79 593 107


100% 1,407 1,075 564 293 185 87 76 94 366 AZ AZ AZ 86 904 164


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.
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2.2.7 Tributaries of Eastside of the Delta

Threeriverswithverydifferenthydrologicalresponsescomprisethisgrouping.TheMokelumne


andCalaverasRiversarewithintheSanJoaquinfluvialfansystemwhiletheCosumnesRiver


occupiesasmallgeologicalandhydrologicalgapbetweenthatsystemandthenorthernSierra


Nevadatributaries.


2.2.7.1 Mokelumne

TheMokelumneRiverwatershedis660squaremilesandextendsfrom10,400feetintheSierra


NevadatosealevelatitsconfluencewiththeSanJoaquinRiverintheDelta(RMC2006,2007).The


watershedisgenerallydividedintoanuppersectionwiththreelargeforks,amiddlesectionwith


thePardeeandCamancheReservoirsandnosignificanttributaries,andalowersectionwhich


connectstotheSanJoaquinRiverandreceivesinflowfromtheCosumnesRiverandDryCreek.The


hydrologyoftheMokelumneRiverisdominatedbytheflowsofitsNorthForkand,lowerinthe


watershed,byreleasesfromPardeeandCamancheReservoirs.


TheNorthFork,isitslargesttributaryat370squaremilesandproduces85percentoftheriver’s


flow(RMC2006).Becauseofthehighelevationofitscatchment,muchoftheNorthFork’sflow


originatesfrommeltingsnowpackwhich,whilereducedandtruncatedbypower‐generatingdams


(Ahearnetal.2005),sustainshighflowsintoPardeeandCamancheReservoirsthroughJulyinwet


yearsandthroughMayindryyears(Piperetal.1939;RMC2006,2007).


PardeeandCamancheReservoirsareoperatedbyEastBayMunicipalUtilityDistrict(EBMUD)with


thepurposesoffloodcontrol,urbanuses,andhydropower.EBMUDdivertsapproximately200


TAF/yronaveragefromPardeeReservoirthroughtheMokelumneAqueduct.BelowCamanche


Reservoir,thelowerMokelumneRiverwindsthroughapatternofincisedchannels.Therearemany


diversionsontheMokelumneRiverforagriculturaluses,thelargestatWoodbridgeDiversionDam.


CurrentsimulatedflowconditionsontheMokelumneRiverabovetheconfluencewiththe


CosumnesRiveraremuchlowerforallmonthsexceptthelatesummerandfallwhencomparedwith


theunimpairedsimulation(Figure2.2‐18).Theunimpairedflowapproachesorreacheszero


frequentlyinlatesummerthroughearlyfall(Figure2.2‐18;Table2.2‐15).Reservoiroperationsand


diversionsontheMokelumneRiverhavereducedthesimulatedcurrentflowstobelow24percent


oftheunimpairedJanuary–Juneflowsin50percentoftheyears.


DuringtheFERClicensemodificationprocessfortheLowerMokelumneRiver,negativefishery


effectswereidentifiedasinsufficientflow,insufficienthabitat,migrationbarriers,andpredatory


fish.In1996theJointSettlementAgreementwasconcludedandEBMUDassumedresponsibilityfor


arangeofstreamflow,reservoircold‐waterpool,habitatrestoration,andpredatorcontrol


responsibilities(EBMUDetal.1996).
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Figure 2.2‐18. Mokelumne River Simulated Current Conditions (gray) and Unimpaired (white)

Monthly Flows







Table 2.2‐15. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Mokelumne River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 89 19 20 9 10 4 5 0 0 0 0 2 8 46 18


10% 236 47 27 31 18 13 7 1 0 0 1 13 15 100 27


20% 384 83 47 37 28 17 8 7 0 0 2 29 16 112 31


30% 546 101 54 51 37 20 10 8 0 1 4 84 17 132 35


40% 651 121 69 60 41 23 12 8 15 1 8 365 20 153 39


50% 814 161 81 68 50 25 14 11 30 65 222 685 24 170 45


60% 968 222 111 77 58 27 16 24 44 75 427 881 32 209 50


70% 1,255 286 142 92 70 33 19 37 54 82 549 1,167 38 247 58


80% 1,482 336 168 110 77 43 29 45 63 93 747 1,350 51 287 63


90% AZ 421 266 175 89 55 38 57 68 119 1,023 AZ 59 364 68


100% AZ AZ 808 465 456 109 70 86 76 221 AZ AZ 73 500 80


Azero(0)indicatesthatthesimulatedcurrentconditionsarezero.


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.
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2.2.7.2 Cosumnes River

TheCosumnesRiverwatershedis940squaremilesthatextendsfromanelevationof7,500feetinthe


SierraNevadatoafewfeetabovesealevelatitsconfluencenearthemouthoftheMokelumneRiver


(Robertson‐Bryan2006a).TherearethreemaintributariestotheCosumnesRiver—theNorth,


Middle,andSouthForks—whichallconvergeinthefoothillsimmediatelyabovetheCentralValley.


ThewatershedoftheCosumnesRiverisuniqueamongthoseoftheSierraNevadaasthereareno


majordamsonitsmainstemandonlyonesignificantdam(SlyPark[41TAF];5percentofaverage


totalflowwhichisexportedtotheAmericanRiverwatershed)onanupstreamtributary,soit


retainsarelativelynaturalhydrographforwetseasonflows(Mountetal.2001;Robertson‐Bryan


2006a)(Figure2.2‐19).IncontrasttotheMokelumneRiver,whiletheheadwatersoftheCosumnes


Riverreceivessimilarmeanannualprecipitation,theelevationoftheheadwatersislower,between


5,000and7,000feet,andanyprecipitationfallingassnowgenerallymeltsduringthewetseason


anddoesnotproducehighflowsduringlatespringandsummer(DWR1974;Boothetal.2006;


Ahearnetal.2004,2005;Epke2011).Rain‐on‐snoweventscanoccurandthelargestrecorded


maximumflowwas93,000cfsinJanuary1997(USGS1999).Otherthansomeminordiversionson


thelowerCosumnesandoperationsofJenkinsonLakebyElDoradoIrrigationDistrict,thecurrent


conditionsareverysimilartotheunimpairedconditionsshowninFigure2.2‐19andTable2.2‐16


Historically,groundwaterdischargemaintainedseverallargeperennialpondsinthelowestreach


onthevalleyfloor(USGS1908,1910;Shlemonetal.2000).Morerecently,groundwaterapproaches


thesurfaceinthissameareabutdoesnotdischargeintothechannel(Mountetal.2001;


Fleckensteinetal.2006;Meirovitz2010).Previousgroundwatermodelingstudieshaveshown


uncertaintyinstream‐aquiferinteractionsontheLowerCosumnesRiver,whichrangefromlosing


upto85TAF/yr(Mountetal.2001)to2TAF/yr(Brushetal.2013).Stream–aquiferinteractionsin


SacWAMarebasedonresultsfromthemodelofBrushetal.(2013),andthusshowverylittle


stream‐aquiferinteractiononthelowerCosumnesRiverundercurrentconditions.


LatrobeFalls,inthefoothillsjustabovethevalleyfloor,blocksfishmigration(Moyleetal.2003).


Impactsonfisherieshavebeenidentifiedastheintermittentflowcharacteristicsofthevalleyfloor


reachduetoloweredlocalandregionalwatertablesandthelossoftidalmarshspawningand


rearinghabitat.In2005,afisheriesenhancementstudydeterminedthefeasibilityandwatercostof


enhancingnaturalfallflowsinthevalleyfloorreachbypre‐wettingthestreambed(Robertson‐


Bryan2006b).ThestudybeganinOctober2005andawettingfrontwasestablishedandreached


tidewaterbytheendofNovember2005atawatercostoflessthan1,000acre‐feet(AF).An


intentionalleveebreachtorestorefloodplainhabitatalongaportionofthechannelimmediately


abovetidewaterwassuccessfulforsomenativefishspecies(Crainetal.2004).
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Figure 2.2‐19. Cosumnes River Simulated Current Conditions (gray) and Unimpaired (white)

Monthly Flows







Table 2.2‐16. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Cosumnes River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 86 83 86 81 85 86 80 85 85 95 90 82 89 91 92


10% 93 91 92 91 90 88 87 89 90 96 95 94 91 94 94


20% 97 93 93 92 91 91 92 92 91 96 97 105 93 95 94


30% 98 94 94 93 93 92 98 95 93 97 105 111 94 96 95


40% 101 95 95 94 94 94 99 96 93 98 109 115 95 97 96


50% 105 96 96 95 95 97 99 97 94 101 119 127 96 98 97


60% 108 97 97 97 97 100 99 98 95 106 126 133 98 100 97


70% 114 99 98 98 99 100 100 98 97 110 133 147 98 104 98


80% 126 101 99 100 100 100 100 99 98 116 143 172 99 108 98


90% 143 110 102 100 100 100 100 99 106 133 173 199 99 117 99


100% 363 150 118 107 101 101 100 99 138 176 219 1,210 100 140 109





2.2.7.3 Calaveras River

ThewatershedoftheCalaverasRiverextendsfrom4,400feetinelevationtosealevel,is470square


miles,andproducesanaveragerunoffof157TAFattheNewHoganReservoir.Thehydrologyofthe


watershedoftheCalaverasRiverisentirelyrain‐fedandinflowtoNewHoganReservoirdropsto


base‐levelsinApril(DWR2007b)(Figure2.2‐20).
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NewHoganReservoirhasacapacityofapproximatelytwicethemeanannualrunoffofthe


watershedandtheonlyspillsoccurinwetyearstomaintainstoragecapacityforfloodcontrol.


WaterfromtheNewHoganProjectisusedforirrigationandmunicipalpurposeswiththewater


rightpermitheldbyReclamation.In1970,StocktonEastWaterDistrict(SEWD)andtheCalaveras


CountyWaterDistrictcontractedwithReclamationfortheproject’sentirewatersupply.In1978,


SEWDbegantodivertwateratBellotaWeir,downstreamofNewHogan,furtheralteringwaterflow


patternsintheriversystem.(DWR2007b.)


BelowNewHoganReservoirtheCalaverasRiversplitsintotwochannelsonthealluvialfanwiththe


primarychannel,MormonSlough,tothesouthandOldCalaverasRivertothenorth.Outsideofthe


ApriltoOctoberirrigationseason,MormonSloughandtheOldCalaverasRiverdownstreamofthe


Headworksmayhavelittletonoflowduetoreducedreleasesfromthereservoiranddiversioninto


theSEWDmunicipaldiversionatBellota.(DWR2007b.)


Exceptforinfrequentfloodspills,theCalaverasRiverdriesupbeforeitconnectstotheSanJoaquin


RivershownbyzerosinTable2.2‐17andinFigure2.2‐20.Intheunimpairedsimulation,riverflows


peakinFebruaryandceasebetweenAprilandOctoberofmostyears(Table2.2‐17).InJanuary–


JunethecurrentconditionsfortheCalaverasRiverarelessthan21percentoftheunimpaired


conditionsinhalfoftheyears.


Impactsonfisherieshavebeenidentifiedasthelargenumberofmigrationbarriersinthelower


watershed,lackofattractionflows,rapiddewateringintheOldCalaverasRiverandMormonSlough


channels,andthelackofconnectingflowfromtheSanJoaquinRivertothereachbetweenthe


BellotaWeirandtheNewHoganDam(DWR2007b).








Figure 2.2‐20. Calaveras River Simulated Current Conditions (gray) and Unimpaired (white)

Monthly Flows






State Water Resources Control Board Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
2‐49

Final


Table 2.2‐17. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Calaveras River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 0 0 0 5 0 0 0 0 0 0 0 0 4 0 5


10% 1 5 10 9 8 0 0 0 0 0 0 0 10 9 10


20% 2 12 12 10 11 4 0 0 0 0 0 0 12 14 13


30% 3 16 16 12 13 7 0 0 0 0 0 2 13 15 14


40% 5 19 18 14 15 9 0 0 0 1 0 3 16 18 17


50% 9 26 21 20 18 13 0 0 0 3 0 5 21 20 22


60% 21 32 26 29 29 17 0 0 0 4 0 9 29 25 35


70% 33 40 32 44 35 49 1 0 2 5 3 15 49 32 51


80% 72 50 51 63 58 61 2 0 4 15 7 44 59 37 60


90% 137 90 93 83 80 79 6 1 8 25 18 64 68 60 66


100% AZ AZ 830 122 91 90 62 5 56 42 90 146 82 403 89


Azero(0)indicatesthatthesimulatedcurrentconditionsarezero.


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.





2.2.8 Tributaries of the Northern Coast Range, Northern

2.2.8.1 Stony Creek

StonyCreekhasawatershedof741squaremileswithameanannualflowofabout425TAF/yr.It


hasthreereservoirsoperatedforfloodcontrolandagriculturalirrigation.Reclamationoperatestwo


reservoirs:EastParkReservoir(50,000AF)andStonyGorgeReservoir(50,000AF)aspartofthe


OrlandProject.BlackButteReservoir(160,000AF)isthelowestreservoirandismanaged


November–MarchforfloodcontrolandApril–Octoberforirrigation.PriortoBlackButteDam,daily


floodflowsexceeded30,000cfsaboutevery5years,withmaximumflowsover80,000cfs(HT


HarveyandAssociates2007).OrlandProjectoperationshavegreatlyreducedflowsandvariability


onStonyCreek(Figure2.2‐21).Forexample,duringMarch,currentconditionsflowsarelessthan


18percentofunimpairedflowsinhalfofthemodeledyears(Table2.2‐18).
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Figure 2.2‐21. Stony Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐18. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Stony Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 38 9 13 9 4 3 3 6 16 18 77 71 10 42 16


10% 82 37 30 47 5 5 9 16 20 80 124 144 17 58 34


20% 139 72 55 69 7 6 13 18 27 104 158 238 27 91 50


30% 189 100 71 78 10 8 15 25 41 135 223 300 37 101 59


40% 323 125 78 82 15 13 23 31 52 156 283 423 47 114 66


50% 461 182 86 93 23 18 37 38 71 189 357 504 57 125 73


60% 541 249 91 97 43 29 46 50 79 217 442 773 63 140 77


70% 961 347 94 99 56 46 63 59 92 266 687 958 68 184 79


80% AZ 456 97 99 68 61 74 69 136 361 1,022 AZ 76 261 84


90% AZ 578 100 99 77 72 85 77 192 644 AZ AZ 79 341 87


100% AZ 1,318 101 100 91 90 168 182 457 AZ AZ AZ 89 567 115


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.
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2.2.8.2 Cottonwood Creek

CottonwoodCreekhasawatershedof927squaremileswiththreeforksthatheadintheNorthern


CoastRange(8,000feet)andthesouthernmostpeaksoftheKlamathRange(CH2MHill2002;


GrahamMatthewsandAssociates2003).Thehydrologyofthewatershedisextremelyvariablewith


apeakrecordedflowof86,000cfsandannualflowvolumesthatrangefrom68,000AFto2MAF


(CH2MHill2002;GrahamMatthewsandAssociates2003).CottonwoodCreek,likeallofthelarger


creekswithheadwatersintheNorthernCoastRange,produceslargeamountsofgravel,sand,and


sedimentduringfloods.


Late‐fallflowsarelowandvariablebutgenerallyaround60cfs.CottonwoodCreekisuniqueinthat18


milesofitslowestsectionrunwithina1‐mile‐wide,alluvium‐filledtrenchtoitsconfluencewiththe


SacramentoRiver.Thereisonesmall4,800‐AFreservoirontheNorthFork,but,otherwise,Cottonwood


Creekisunregulated;therefore,currentconditionsandunimpairedsimulationsareverysimilar


(Figure2.2‐22).


ResultsfromSacWAMshowthatCottonwoodCreekloses9TAF/yronaveragetogroundwater


undercurrentconditions;however,previousstudiesshowedthathistoricallyitwasagainingreach


underdryconditions(Blodgettetal.1992).TheAnderson‐CottonwoodIrrigationDistrictimports


approximately18,000AFofSacramentoRiverwatertothewatershedforirrigationthat,through


lossesandreturnflows,contributessignificantlytosummerbaseflows(Blodgettetal.1992)(Table


2.2‐19).








Figure 2.2‐22. Cottonwood Creek Simulated Current Conditions (gray) and Unimpaired (white)

Monthly Flows
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Table 2.2‐19. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Cottonwood Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 77 98 100 100 100 100 83 94 91 104 102 98 100 101 100


10% 100 100 100 100 100 100 98 101 103 107 119 106 100 102 101


20% 100 100 100 100 100 100 100 101 104 111 132 117 100 103 101


30% 101 100 100 100 100 100 100 102 104 114 139 126 100 104 101


40% 102 101 100 100 100 100 100 102 105 121 145 132 100 105 101


50% 103 101 100 100 100 100 100 103 106 126 153 136 101 107 102


60% 105 101 101 100 100 100 100 103 107 135 160 145 101 109 102


70% 109 101 101 100 100 100 100 104 109 146 173 151 101 111 102


80% 114 102 101 101 100 100 100 105 110 151 188 157 101 115 103


90% 119 102 102 101 101 100 102 106 113 163 201 166 101 121 104


100% 181 104 105 103 101 121 105 111 206 224 261 240 105 135 109





2.2.8.3 Thomes Creek

ThomesCreekhasawatershedareaof301squaremileswhichheadsintheInnerNorthernCoast


Rangeatanelevationof6,600feet(VESTRAResources2006;TehamaCountyFloodControland


WaterConservationDistrict2012).Ithasanextremelyvariablehydrologywithamaximumdaily


recordedflowof37,800cfsandverylowlate‐summerflowsofapproximately6cfsthatcanfallto


zeroindryyears.ThomesCreek,likeallofthelargercreekswithheadwatersintheNorthernCoast


Range,produceslargeamountsofgravel,sand,andsedimentduringfloods.Afterleavingthe


foothillsitschannelflows25milesthroughanarrowalluvialvalleycutintorelativelyimpermeable


TehamaandRedBluffFormationstotheSacramentoRiver(TehamaCountyFloodControland


WaterConservationDistrict2012).Therearenosignificantdamsonthewatershedandfewsurface


diversions.Thecurrentconditionssimulationshowsverysimilarhydrologywhencomparedwith


theunimpairedflowsinthewintermonths(Figure2.2‐23;Table2.2‐20).Diversionsduringthe


summermonthsreduceflowscomparedwithunimpairedconditions.About88percentofthewater


usedintheregionisobtainedfromgroundwaterforirrigatedagriculture(VESTRAResources2006).
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Figure 2.2‐23. Thomes Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐20. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Thomes Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 21 43 73 100 100 58 7 8 6 24 52 61 57 73 64


10% 31 88 95 100 100 95 65 15 9 43 72 82 83 84 87


20% 44 94 99 100 100 100 77 28 11 50 75 84 88 86 90


30% 50 97 100 100 100 100 84 42 12 57 81 86 91 90 92


40% 52 98 101 100 100 100 87 53 14 63 85 87 92 92 93


50% 57 100 101 101 100 100 93 64 17 71 88 90 94 95 94


60% 70 101 101 101 100 100 94 75 25 76 92 93 94 96 95


70% 74 101 101 101 101 100 96 79 30 79 95 97 95 97 95


80% 82 102 102 102 101 100 97 86 40 82 96 99 96 98 96


90% 95 103 103 103 101 101 100 90 61 88 100 101 97 99 96


100% 109 105 106 108 102 101 101 97 92 101 102 102 99 101 98





2.2.8.4 Elder Creek

ElderCreekhasawatershedareaof151squaremileswhichheadsintheInnerNorthernCoast


Rangeatanelevationof5,500feet(VESTRAResources2006;TehamaCountyFloodControland


WaterConservationDistrict2012).Ithasanextremelyvariablehydrologywithamaximumdaily


recordedflowof17,700cfsandverylowlate‐summerbaseflowthatfrequentlyfallstozero.After


leavingthefoothills,itschannelflows20milesthroughanarrowalluvialvalleycutintorelatively
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impermeableTehamaandRedBluffFormationstotheSacramentoRiver(TehamaCountyFlood


ControlandWaterConservationDistrict2012).Therearenosignificantdamsonthewatershedand


fewsurfacediversions.SacWAMdoesnotincludeanydiversionsfromElderCreek;therefore,the


currentsimulatedconditionsareequaltotheunimpairedresults,sotheboxplotandtablearenot


presented.


2.2.9 Tributaries of the Northern Coast Range, Southern

2.2.9.1 Cache Creek

CacheCreekhasawatershedareaof1,139squaremileswith1,044squaremilesoccurringinthe


InteriorSouthernCoastRange(YoloCounty2006;WaterResourcesAssociationofYoloCounty


2007).Theheadwatersofitssouthforkextendfromelevationsof4,000feetandaccumulateinClear


Lake,alarge,shallow,naturallake,beforeflowingthroughanarrowcanyontotheSacramento


Valley.ThevolumeofthelakeandthesmallnaturaloutletfromClearLakesignificantlyreducethe


magnitudeofpeakflowsintothecanyon(WaterResourcesAssociationofYoloCounty2007).The


headwatersofthenorthforkareatslightlylowerelevationsbutalsorunthroughanarrowcanyon.


TherivercanyonopensintotheCapayValleyimmediatelyabovetheSacramentoValley.Cache


Creek,likeallofthelargercreekswithheadwatersintheNorthernCoastRange,produceslarge


amountsofgravel,sand,andsedimentduringfloods.


Initsnaturalstate,thelowerreachofCacheCreekflowedasawidebraidedstreamfromthemouthof


CapayValleytotheYolobasin,whereitswatersmixedwithwatersfromoverflowfromthe


SacramentoRiver,WillowSlough,andPutahCreekandthecombinedflowdrainedsouthwardtothe


confluenceoftheYolobasinwiththeSacramentoRiver(WaterResourcesAssociationofYoloCounty


2007).Whenflowsexceededapproximately20,000cfsatthemouthoftheCapayValleytheexcess


flowwouldovertopthelownaturalleveesandfloodtheHungryHollowbasintothenorthandthe


muchlargerCache‐Putahbasinstothesouth.Becauseoftheseoverflowstofloodbasinsthereareno


recordsofflowsexceeding20,000cfsinCacheCreekpriortoitsregulationbydams(WaterResources


AssociationofYoloCounty2007)butpeakflowslikelyexceeded80,000cfs.Overbankfloodbasin


flowsintheCache‐PutahbasinmergedwithoverbankfloodflowsfromPutahCreekandflowed


throughWillowSloughintotheYolobasin.TheSacramentoValleysectionofCacheCreekhasbeen


extensivelymodifiedbyinstreamgravelmining,floodleveesatitslowerendwithdesignedcapacities


of36,800cfs,andasedimentsettlingbasinimmediatelyadjacenttotheYolobasin.


TherearethreesignificantdamsonCacheCreek.TheClearLakeImpoundmentDamisimmediately


belowtheoutletfromClearLakeandregulatesoutflowsfromthelakebutdoesn’tsignificantlyaffect


lakecarryovercapacity.ClearLakelosesanestimated171TAF/yronaveragetonetevaporation


undercurrentconditionsasestimatedinSacWAM(StateWaterBoard2017).Bothirrigation


releasesandfloodreleasesareregulatedundertheSolanoandBemmerlydecrees.IndianValley


Reservoironthenorthforkhasacapacityof301TAFandisusedforirrigationstorageandflood


control.TheCapayDiversiondamatthemouthofCapayValleyisa15‐foothighstructurethatcan


beraisedanadditional5feetwithaninflatablebladder.Thedivertedwatersupportsagriculturein


thebasinsoneithersideofCacheCreek.


CacheCreekhasbeenseverelyimpairedbyupstreamdiversionsandstorageandundercurrent


conditions;itismuchlowerthanunimpairedflowsinallmonths(Figure2.2‐24;Table2.2‐21).
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Inabout10percentoftheyears,CacheCreekJanuary–Junecurrentconditionsaremorethan80


percentunimpairedflows,butinhalfoftheyears,thecurrentconditionsarelessthan53percentof


unimpairedflowsduringtheJanuary–Juneperiod.


SurfacewaterinthechannelofCacheCreekloseswatertogroundwaterfromtheCapayDamtothe


DunniganHillswhereitisbrieflyagainingreachbeforebecomingalosingreachagainallthewayto


theYolobasin(YoloCounty2006).Currentconditionsimulationsestimateanaverage‐90TAF/yrof


streamflowislosttogroundwaterfromCacheCreek(StateWaterBoard2017).








Figure 2.2‐24. Cache Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows




Table 2.2‐21. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Cache Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 10 21 9 8 8 1 6 6 3 14 18 9 13 20 16


10% 69 69 21 20 21 13 9 14 35 36 50 42 24 30 30


20% 81 75 33 27 28 22 13 24 48 50 70 64 30 40 35


30% 92 91 41 34 35 28 17 28 57 61 86 83 34 52 38


40% 100 103 52 41 45 47 25 35 68 77 92 98 40 67 43


50% 108 108 70 48 59 58 35 43 83 94 106 116 53 77 53


60% 118 115 81 63 74 79 44 49 89 109 124 128 60 86 58


70% 126 130 90 74 84 83 53 58 95 120 143 146 66 98 62


80% 135 152 103 82 94 89 68 65 101 131 147 156 71 104 70


90% 146 182 121 100 99 96 85 91 110 138 159 166 82 116 75


100% 540 411 191 188 130 107 103 125 138 189 223 424 118 137 121
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2.2.9.2 Putah Creek

PutahCreekhasawatershedareaof710squaremileswith600squaremilesoccurringinthe


InteriorSouthernCoastRange(WaterResourcesAssociationofYoloCounty2007).Itsheadwaters


extendfromelevationsof4,800intheMayacamasMountainsanditsvarioustributariesflowing


throughaseriesofsmallvalleysandnarrowcanyons.PutahCreek,likeallofthelargercreekswith


headwatersintheNorthernCoastRange,produceslargeamountsofgravel,sand,andsediment


duringfloodsbutallaretrappedbehindMonticelloDam.AtthemouthofitslastcanyonPutahCreek


flowsoveritslargealluvialfanasitenterstheSacramentoValley.Historically,fromtheloweredge


ofthealluvialfanPutahCreekflowedbetweenlownaturalleveeswithoccasionalbreachesleading


tointermittentsloughsthatdrainedeithernorthwardintotheCache‐Putahbasinorsouthward


acrossthePutahPlains.ThemainchannelflowedthroughwhatisnowthecityofDavisandemptied


intoasectionoftheYolobasinknownasthePutahSinkwhereitswatersmixedwithwatersfrom


overflowfromtheSacramentoRiver,WillowSlough,andCacheCreekandthecombinedflow


drainedsouthwardtotheconfluenceoftheYolobasinwiththeSacramentoRiver(EDAW2005;


WaterResourcesAssociationofYoloCounty2007).Floodcontrolmodificationstothechannelsnear


thecityofDavisisolatedthemainchanneltotheYolobasinandforcedPutahCreektoflowthrough


abypasschannelwithconstructedleveesfromthecityofDavistotheYolobasin.


MonticelloDamformsLakeBerryessa,locatedintheupperendofthelastcanyonbeforethe


SacramentoValley,andhasacapacityof1.6MAF.Themaximumrecordedfloodpriortothedam


was81,000cfsandpredicted100‐yearfloodeventspost‐damare32,000cfs(WaterResources


AssociationofYoloCounty2007).ThePutahCreekDiversionDam,29feethigh,islocatedattheend


ofthecanyonanddivertswatersouthintoSolanoCounty(Redmond2000).Theminimumflow


requirementsbelowthedamunderthewaterrightlicensehavebeensupplementedwithflows


designedtomaintainsalmonidsinthelowersectionofPutahCreekunderthePutahCreekAccord


(EDAW2005).


SimulatedcurrentconditionsbelowPutahDiversionDamaremuchlowerthantheunimpaired


flowsthroughoutthespring,withvariabilityofflowconditionsgreatlyreduced(Figure2.2‐25).


PutahCreekgoesdryunderunimpairedconditionsfromJuly–Octoberinabout30percentofthe


years(Table2.2‐22).Inmorethanhalfoftheyears,currentconditionsarelessthan13percentof


unimpairedflowsfromJanuary–June.


Groundwaterpumpingforagricultureandmunicipalitieshasloweredtheregionalgroundwater


tablebuthistoricallyPutahCreekwasalosingstreamfromthetopofitsalluvialfantotheYolo


BypassexceptfortheshortreachthatcrossesthePlainfieldRidge(Bryan1923;Thomassonetal.


1960).Currentstreamlossestogroundwateraverage‐10TAF/yr(StateWaterBoard2017).Self‐


sustainingpopulationsofanadromousfishhavereturnedtoPutahCreekinresponsetotheflow


releasesofthePutahCreekAccordandextensiverestorationefforts(EDAW2005)andin2015,the


fifthyearofdrought,500fall‐runChinooksalmonspawnedinlowerPutahCreek(Shaw2015).
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Figure 2.2‐25. Putah Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.2‐22. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Putah Creek

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 20 1 1 1 1 2 2 6 15 32 12 31 3 5 4


10% 46 6 2 2 2 4 6 11 35 74 144 93 4 7 6


20% 94 11 2 2 3 6 8 18 43 104 337 173 6 9 8


30% 209 24 4 3 3 7 12 26 66 164 602 262 7 13 10


40% 324 40 5 4 4 9 18 31 78 320 1,034 498 9 22 12


50% 504 62 8 6 5 17 21 38 98 571 AZ 830 13 35 14


60% 1,167 131 12 10 6 25 26 47 149 1,010 AZ AZ 14 52 17


70% AZ 348 38 16 9 32 32 60 235 AZ AZ AZ 19 76 22


80% AZ 1,225 95 25 24 45 51 76 322 AZ AZ AZ 26 183 29


90% AZ AZ 299 68 61 88 68 120 888 AZ AZ AZ 56 299 52


100% AZ AZ AZ AZ 99 113 324 AZ AZ AZ AZ AZ 82 AZ 96


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.
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2.3 Flood Basins

LanddevelopmentoverthepastcenturyintheSacramentoValleyhasbeenmadepossibleby


reclaimingthe“inlandsea”byroutingtheSacramentoRiverthroughaseriesoffloodbasins.


BeginningjustaboveStonyCreeknearHamiltonCityandcontinuingtoRioVistaintheDelta,the


SacramentoRiverrunsbetweennaturalleveesandtheoutboardfloodbasins(Bryan1923;Olmsted


andDavis1961;DWR1994,2010a,2010b;Whippleetal.2012).Therearesixfloodbasinswhichin


orderfromuppertolowerare:Butte,Colusa,Sutter,Yolo,American,andSacramento.Becausethe


flowoftheSacramentoRiverishighlyvariableandcanrangefromapproximately3,000cfsinthe


summerduringdroughtsto500,000cfsduringfloods,thefloodbasinsfunctionbothasshort‐term


storagereservoirsandasthemainchannelsoftheSacramentoRiverduringfloods.Additionally,the


lowerhalvesoftheYoloandSacramentobasinsaretidalandexperiencetwohighandtwolowtides


eachdaywithgreaterandthenlessertidalrangesoverthe14‐dayspring/neaptidalcycle.Attheir


upstreamendstheleveesalongtheSacramentoRiverarebroadandlow,3–5milesapart,and


historicallywereoftencutbyactivemeanderchannels.Eachcutwasrelativelypermanentand


dischargedchannelwaterintotheButteandColusafloodbasinsatflowssignificantlybelowflood


stage.ThefrequencyoftheleveecutsdecreaseddownstreamtozeronearthetownofColusa.


Functionally,floodbasinsdifferfromfloodplainsbecausetheydrainmoreslowlyandmaycontain


areasofpermanentopenwater.TheupperfloodbasinsoftheSacramentoRiverhavegreaterslopes


thanthelowerandtendtodrainmorerapidly.Thefloodwaterstransportsedimenttothebasinsand


smallclay‐sizeparticlesofsedimentremainsuspendedlongerwhilethecoarsersedimentremainsin


oradjacenttotheSacramentoRiver.Therelativelyslow‐movingwaterofthebasinstrapstheslowly


sinkingclayparticlesandcausesthebottomsandsidesofthebasinstobelinedwithclaysoils.


Percolationoffloodbasinwatertogroundwaterisblockedbythoseextensiveimpermeableclaysoils.


Thepreciseboundariesofthetransitionsfromfloodbasinsupwardontothelowerfloodplainsofthe


tributariesaredifficulttodetermineasthechangeinelevationisverygradualandthedepthand


durationoffloodwatershighlyvariable.However,theconsistentlylongerinundationofthedeeper


sectionsofthefloodbasinsproducesvegetationandhabitattypesthataredistinctfromthoseofthe


floodplains.


Thenaturalhydrologyofallofthebasinshasbeenextensivelyaltered.Afloodcontrolsystemoflevees


andweirshasbeenconstructedalongtheSacramentoRiveradjacenttothefloodbasinsandbypass


floodwaysrunthroughtheSutterandYolobasins(DWR2010a,2010b,2012).Allofthebasinshave


beenextensivelymodifiedbyreclamationactionsandareintensivelyfarmedwithirrigationintensive


cropssuchasrice,alfalfa,rowcrops,andorchards.Additionally,eachbasinhasareaspermanentlyset


asideashabitatforwaterfowlwithnearbyagriculturallandsprovidingincidentalhabitatduringthe


croppingseasonandmanagedhabitatduringfallandwinter(Garone2011).


2.3.1 Butte Flood Basin

TheButtefloodbasincombinesattributesofbothafloodbasinandafloodplain;HolmesandNelson


(1913)describeitasasemibasinandOlmstedandDavis(1961)uniquelydescribeitastheButte


CreekLowland.OlmstedandDavis(1961)notethatitsslopeof2feetpermileisgreaterthananyof


theotherfloodbasins,andBryan(1923)describesitinfloodstageasavastsheetofslowlymoving


water.Thetransittimeoffloodwatersthroughthebasinis2days(DWR2012).




State Water
Resources
Control
Board
 Hydrology


Phase
 II
Update
of the
2006 Bay‐
Delta
 Plan

Scientific
Basis Report

2‐59

Final


Floodflowsfromtheuppertwo‐thirdsofthebasinmergeanddrainintothewideupperendofthe


ButteSinkareawhichisthesouthernmostsectionandremainingone‐quarterofthebasin.The


combinedflowsenterButteSinkatthe60‐footelevationcontourneartheMoultonWeir(Bryan


1923),convergesouthward,andwraparoundthewestsideoftheSutterButtes.ButteSinkis


boundedtothewestbythe30‐foothighleveeoftheSacramentoRiverwhichforcesButteCreekto


thesoutheastandisboundedtotheeastbytheSutterButtes.ThenaturallyincisedchannelofButte


Creek,whilesometimesimmerseddeeplybybasinandsinkfloodflows,persistsasadefined


channelthatdischargesintoButteSloughwhichdrainsintotheSutterbasin(USGS1913;Bryan


1923;Carpenteretal.1926;OlmstedandDavis1961;DWR2012).


ThevegetationoftheButtebasinoutsideoftheButteSinkwasrapidlyconvertedtoextensive


agriculturewhenCaliforniabecameastateand,aslateas1912,agriculturewithintheButtebasin


wasprimarilygrazingandareasofdry‐farmedgrain(Strahornetal.1911).Commercialrice


productionof1,400acresbeganinthesameareain1912(Robertson1917;Adams1920;Dunshee


1928),expandedtoalmost95,000acresby1920(CaliforniaDepartmentofPublicWorks1923).To


irrigatetherapidlygrowingacreageofricefields,waterwasdivertedfromtheFeatherRiverand


rundownexistingsloughsandtransferredtolateralcanalstoirrigatericefieldswestandnorthwest


ofBiggsandGridleyaswellastheareaofeasternColusaCountythatlieswithintheButtebasinand


ricefielddrainagewaterwasreleasedintonaturalchannelsrunningtotheButteSink(USGS1912a;


StateWaterCommission1917;Carpenteretal.1926).


Buttebasinisuniqueamongthebasinsbecausefloodwatersarenotspecificallydirectedwithinthe


basinthroughengineeredstructuressuchasbypasses,drains,orsystemsoflevees(Garone2011;


DWR2012).WhentheButtebasinisfullitholdsapproximately1MAFofwaterwhichentersthe


basinfromtheSacramentoRiverthroughsixlocations(DWR2010a,2010b,2012).Whenflowsin


theSacramentoRiverexceed30,000cfs,floodwatersflowovertheColusaWeirintothemain


sectionoftheButteSink,whichhasadesignedcapacityof70,000cfs(DWR2010a,2012).When


flowsintheSacramentoRiverexceed70,000cfs,floodwatersflowintotheupperendoftheButte


SinkovertheMoultonWeir,whichhasadesignedcapacityof25,000cfs(DWR2010a,2012).When


flowsintheSacramentoRiverexceed100,000cfs,watercanpassintothebasinatitsupperend


throughtheM&TandParrotPlugflowreliefstructures,theThree‐Bsoverflowarea,andan


emergencyoverflowroadway(DWR2010a,2012).TheButteSloughoutfallgatesatthelowerendof


theButteSinkdirectlowflowswithinthebasinandirrigationflowsbackintotheSacramentoRiver


butareotherwiseclosed.


2.3.2 Colusa Flood Basin

TheColusafloodbasinisanirregular50‐mile‐longtroughlyingbetweenthecoalesced,clay‐soil


alluvialfansofthesmallcreeksflowingeastwardfromtheNorthernCoastRangeandthewestern


naturalleveeoftheSacramentoRiver.Lengthwise,itextendsfromtheborderofGlennandColusa


CountiestotheKnightsLandingridgeandconsistsoftwofunctionallydistinctsub‐basinslocated


aboveandbelowthealluvialridgeofUpperSycamoreSlough(Bryan1923;OlmstedandDavis1961).


Historically,floodwatersenteredtheColusabasinatitsupperendbetweenthetownsofPrinceton


andGlennwhenflowsintheSacramentoRiverexceededsummerbaseflows,alongitsentire


westernmarginwhencreekssuchasWillowCreekbeganflowingeastwardoutoftheNorthern


CoastRange,andthroughleveebreaksimmediatelyaboveandbelowthetownofColusa(California


DepartmentofEngineering1914;McComishandLambert1918;DWR1964;Kelley1989).Flood


waterintheuppersub‐basindrainsrelativelyrapidlythroughagenerallysmoothandslightly
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concavetroughwhileflowsthroughthelowersub‐basinhistoricallydrainedthroughthedefined


channeloflowerSycamoreSloughbutbackedupattheKnightsLandingRidge.Historically,inthe


lowersub‐basin,severalpermanentbreachesinthenaturalleveeoftheSacramentoRiver,upper


SycamoreSloughbeingthelargest,dischargedfloodflowsintotheColusabasinwhenthe


SacramentoRiverwasatfloodstage(Mannetal.1911;StateWaterCommission1917;Bryan1923).


AsnotedintheButtebasindiscussion,atthehighestSacramentoValleyfloodflowsthecombined


Buttebasinflowsconsistingofthelocalstreams,thesloughsdrainingthecutsintheSacramento


Riverlevee,andtheFeatherRiverfloodwaterpouringintotheButtebasinsometimesovertopped


theSacramentoRiverleveesandforcedfloodwaterswestwardintotheColusabasin(California


DepartmentofEngineering1914).


ThestartofricegrowingintheColusabasinwas2yearslaterthanintheButtebasin.Commercial


riceproductionof147acresbeganintheColusabasinin1914(McComishandLambert1918)and


rapidlyexpandedto170,000acresby1920(CaliforniaDepartmentofPublicWorks1923).


FloodprotectionintheColusabasinisdesignedtopreventfloodingbytheSacramentoRiver,to


reducewinterandspringfloodingfromthecreeksflowingeastwardfromtheNorthernCoastRange,


andtoprovidedrainageforlargeamountsofsummerandfallriceirrigationwater(StateWater


Commission1917;DWR1964).AleveesystemwasconstructedalongtheSacramentoRiverfrom


theStonyCreekalluvialfantotheKnightsLandingRidgeCutwhichpreventsfloodingoftheColusa


basinbytheSacramentoRiver(DWR1964,2010a,2012).Alongthewestsideofthebasinaback


leveewithanupslopedrainconstructedintheborrowpitoftheleveeconveyswinterflowsfromthe


NorthernCoastRangetributariesandsummerflowsfromricefieldssouththroughthebasin,


throughtheKnightsLandingRidgeCut,andintotheYolobasin(DWR1964,2010a).Beforethe


Knight’sLandingRidgeCutwasdredged,naturalflowsinColusabasindrainedbackintothe


SacramentoRiverthroughthelowerendofSycamoreSlough.However,becausetheSacramento


Riverwastypicallyatahighstageduringthespring,thewaterpondedabovetheKnightsLanding


Ridgecouldnotdrain,whichcausedprolongedfloodinginthelowerendofthelowersub‐basin


(DWR1964).TheColusaDrainandtheKnightsLandingRidgeCuthaveadesigncapacityof20,000


cfs(DWR2010b,2012).AtlowSacramentoRiverflowsthebasincandrainintotheSacramento


RiverthroughtheSycamoreSloughOutfallGates(DWR2012).


2.3.3 Sutter Flood Basin

TheSutterbasinruns30miles,generallynorthtosouth,fromButteSloughatthesouthernedgeof


theSutterButtestoVeronaontheSacramentoRiver.Itliesbetweenthenaturalleveesofthe


SacramentoRivertothewestandthenaturalleveesoftheFeatherRivertotheeast(Singeretal.


2008;SingerandAlto2009;DWR2012).Todayandhistorically,themajorityofitsfloodwaters


originatefromButteSlough(Bryan1923;Singeretal.2008;SingerandAlto2009;DWR2012;


Kelley1989).Historically,theSutterbasinalsoreceivedfloodwatersthroughpermanentbreaksin


theleveeoftheSacramentoRiversuchastheColeGrovePointbreak,whichisnorthofKirkville,


fromoverflowsoftheFeatherRiverthroughpermanentbreaksinitsleveesuchasGilsizerSlough,


aswellasperiodicoverflowneartheconfluenceoftheFeatherandSacramentoRivers(Bryan


1923).


Theconversionofthewetlandsofthebasintoagriculturewasslowerthantheconversionsinthe


ButteandColusabasinsbecausetheSutterbasinwasthemainfloodwayoftheSacramentoRiver.


EarlyattemptstopreventfloodinginthebasinbythePark’sDaminitiatedwhatareknownasthe


leveewarsandeventuallyresultedintheconstructionofaseriesoffloodbypasses(Kelley1989;
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Singeretal.2008;SingerandAlto2009).TheSutterBypasswasestablishedtoconveyfloodflows


downthecentralportionofthebasin(Figure2.3‐1;Table2.3‐1).Thebypassreceivesflowsfrom


ButteSlough(150,000cfs),theTisdaleWeir(38,000cfs),andtheFeatherRiver(300,000cfs),and


hasadesignedflowof416,500cfsinthesectionthatjoinstheSacramentoRiver(DWR2010a,


2010b,2012).








Figure 2.3‐1. Sutter Bypass Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.3‐1. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in

Sutter Bypass

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 74 72 36 33 14 22 13 27 74 185 243 124 46 57 59


10% 101 267 101 66 42 43 29 58 215 293 297 148 67 112 84


20% 106 337 106 84 53 53 43 136 237 309 313 156 78 139 91


30% 111 390 189 94 68 63 58 157 248 327 319 161 84 224 95


40% 115 454 336 104 78 78 73 168 266 351 335 166 88 300 100


50% 120 546 417 225 91 99 88 177 277 366 344 175 91 327 105


60% 128 609 487 260 99 111 104 190 282 396 349 187 94 359 111


70% 133 671 547 328 111 134 135 207 291 454 356 219 103 378 128


80% 141 710 650 358 119 156 139 216 319 481 362 239 147 394 188


90% 166 781 788 430 137 179 145 226 342 508 383 307 194 416 250


100% 275 943 1,016 563 177 320 161 345 1,465 615 552 407 229 462 309
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2.3.4 American Flood Basin

TheAmericanfloodbasinisasmallbasinthatliesimmediatelyeastoftheconfluenceoftheFeather


andSacramentoRivers,isimmediatelynorthoftheAmericanRiver,andhistoricallyreceivedthe


flowsoftheFeatherRiverandthetributariesoftheSierrafoothills(Bryan1923;DWR2012).Itlies


betweentheplainsofthefoothillsandtheleveesoftheboundingrivers(OlmstedandDavis1961).


Historically,thebasindrainedtotheSacramentoRiverthroughanumberofdeepsloughs(Bryan


1923).Currently,thebasinisdrainedbyanetworkofcreeksandcanalsthatmergeintothe


NatomasCrossCanalwhichhasacapacityof22,000cfsandwhichdischargesintotheSacramento


River(DWR2010a,2012).ThetributariesoftheAmericanRiverbasininclude,fromnorthtosouth,


CoonCreek,AuburnRavine,andtheDryCreeksystem,includingSecretandMinersRavines.While


CoonCreekandAuburnRavineentertheSacramentoRiverviatheNatomasCrossCanal,theDry


CreeksystemdoessoviatheNatomasEastMainDrainageCanal,whichenterstheSacramentoRiver


viaBannonSlough.


2.3.5 Yolo Flood Basin

TheYoloBypassisthelastlargefloodplainwithadirectconnectiontotheDelta.Thebypassisa


57,000‐acrefloodconveyancesystemcreatedtodivertSacramentoRiverwateraroundthecityof


Sacramentoduringfloodconditions.TheYolobasinis40mileslongandrunsnorthtosouthalong


thewestbankoftheSacramentoRiverfromtheKnightsLandingRidgetothetownofClarksburg


whereitcontinuessouthimmediatelywestoftheriver’ssecondarychannel,Elk/Sutter/Steamboat


Slough,totheconfluencewithCacheSlough(Bryan1923;Whippleetal.2012).Thewesternedgeof


thebasintransitionsintothebroadalluvialfansofCacheandPutahCreeks(Bryan1923;Graymeret


al.2002;Whippleetal.2012).


Historically,thebasinfilledwhenthecombinedflowsoftheSacramento,Feather,andAmerican


RiversovertoppedthenaturalleveeoftheSacramentoRiver,andwhentheNorthernCoastRange


streams,principallyCacheandPutahCreeks,flooded(Bryan1923;WaterResourcesAssociationof


YoloCounty2005).Themainupstreamentrypointforfloodwaterintothecurrentmanagedbypass


isattheFremontWeir.The343,000cfscapacityweirisapassivecementstructurethatbeginsto


spillintothebypasswhenSacramentoRiverflowsatVeronaexceed55,000cfs(Sommeretal.


2001b;DWR2010a,2010b,2012).Overtoppingeventsthatleadtoatleast2weeksofdownstream


floodplaininundationonlyoccurinabout40percentofyears(DWR2012).Wateralsoentersthe


bypassfromtheSacramentoWeirandfromPutahandCacheCreeks.TheSacramentoWeiris


anotheroperableweirnearthetownofSacramentothatdischargesintotheYoloBypasswitha


designcapacityof112,000cfs(DWR2010a,2010b,2012).


AllthesesourcesjointheToeDrain,aperennialchannelontheeastsideofthebypassthat


dischargesbacktoCacheSloughandtheDeltaseveralmilesaboveRioVista.TheToeDrainbeginsto


spillontothefloodplainwhenflowsexceed3,500cfsattheLisbonWeir(Feyreretal.2006b).Some


portionoftheYoloBypasstypicallyfloodsinabout60percentofyearswithpeakinundation


occurringbetweenJanuaryandMarch(DWR2012;Feyreretal.2006a;Sommeretal.2001b).


Incontrasttotheupstreambasins,theYolobasinistidallyinfluencedandthehigherhightideof


springtidesextendstojustabovethesinkofPutahCreek(Bryan1923;Jones&Stokes2001;


Whippleetal.2012).
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AswasthecasewiththeButteandColusabasins,ricewasthefirstcropgrownontheclaysoilsof


theYolobasin’sfloorandsideswith14,210acresgrownintheupperportionofthebasinby1920


(CaliforniaDepartmentofPublicWorks1923).Ricewasnotgrowninthelowersectionofthebasin


becauseofthatsection’scoolersummertemperaturesduetoitsproximitytotheDelta’smarine


influencedclimate(Jones&Stokes2001).Aswiththeotherbasins,notonlyareagriculturalfields


usedbywildlifeduringthecroppingseasonbuttheyoftenhaveasubstantialroleinsupporting


waterfowlinthelatefallandduringthewetseason(CDFG2008).Additionally,boththeupperand


lowersectionsofthebasinsupportspawninghabitatforfloodplain‐adaptedfishsuchasSacramento


splittailandprovidevaluablerearinghabitatforChinooksalmonandsteelhead(Sommeretal.


2005;Feyreretal.2006a,2006b;CDFG2008;Sommeretal.2014).


WithinthebypassthereisanetworkofdrainagecanalsthatconveyflowsfromtheNorthernCoast


Rangecreeks,Deltawaters,agriculturaldrainage,andirrigationwater(Jones&Stokes2001;NHC


2012).TheprimarynorthtosouthconduitsaretheTuleCanal/ToeDrainontheeastsideandthe


ConwayCanalonthewestside(Jones&Stokes2001).TheLisbonWeirspanstheToeDrain


approximately8.5milessouthoftheSacramentoWeir(Jones&Stokes2001).Thetopoftheweiris


2.5feetabovemeansealevel,thetopsofthebanksoftheToeDrainare8.5feetabovemeansea


level,andthehigherhightidesduringeachspringtidecyclerangetoapproximately4.5feetabove


meansealevel.Themaximumdesigncapacityoftheupperendofthebypassis377,000cfsandis


490,000cfswhereitdischargesintotheDelta(DWR2010a,2010b).Undercurrentconditions


outflowfromtheYoloBypassislowerthanunimpairedsimulationsespeciallyduringthewinterand


springmonthsduetolessfrequentweirspillsandlessinflowfromCacheandPutahCreeks(Figure


2.3‐2;Table2.3‐2).YoloBypassoutflowsundersimulatedcurrentconditionsandunimpaired


conditionshavemaximummonthlyflowsofover100,000cfsforJanuary–March.








Figure 2.3‐2. Yolo Bypass Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows
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Table 2.3‐2. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Yolo

Bypass

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 70 20 18 10 10 8 4 2 15 31 22 46 15 27 22


10% 121 67 30 22 21 19 12 19 75 56 58 152 33 47 44


20% 211 101 40 26 28 24 17 28 99 76 69 169 38 88 54


30% 588 149 53 35 35 35 19 57 128 396 78 187 46 110 63


40% 812 294 64 43 42 41 23 66 141 439 84 195 50 140 67


50% 880 527 74 56 49 52 28 82 172 479 92 202 55 216 71


60% 954 884 93 61 59 61 38 91 202 531 120 218 61 282 77


70% 1,023 1,113 137 68 66 78 51 111 390 556 584 719 69 385 82


80% 1,086 1,427 184 93 83 91 65 132 548 586 641 888 78 469 92


90% 1,192 AZ 523 110 98 104 135 453 619 626 695 997 87 648 124


100% 1,426 AZ AZ 894 373 318 421 710 788 710 813 AZ 397 813 476


“AZ”indicatesthattheunimpairedflowisapproachingzeroandisverylow.





2.3.6 Sacramento Flood Basin

TheSacramentobasinisapproximately20mileslongandextendsfromnearthecurrentsouthern


borderofthecityofSacramentotojustbeyondthesouthernendofSnodgrassSloughnearthenorth


andsouthDeltaforksoftheMokelumneRiver(Whippleetal.2012).


TheStatePlanFloodControlleveerunsalongtheeastbankoftheSacramentoRiver,whichhasa


capacityof56,500cfsinthisarea(DWR2010a).However,thebasindischargesthroughthe


MokelumneRiverintotheSanJoaquinRiverandnotintotheSacramentoRiver.Adiscontinuous


seriesofnon‐projectleveesdirectflowthroughSutterandSnodgrassSloughstotheMokelumne


RiverandconstrainflowswithintheCosumnesandMokelumneRivers(DWR2010a).Theselevees


havebeenbreachedbylargefloodsandhavealsobeenintentionallybreachedtorestorefloodplain


habitat(Swensonetal.2003).


2.4 Sacramento–San Joaquin Delta

TheDeltaistheregionwherechannelsoftheSacramentoandSanJoaquinRiversmeetandmixwith


salinewaterfromthePacificOcean.The“legalDelta”isageographicboundaryoftheregionthat


encompasses1,150squaremilesroughlybetweenthecityofSacramentotothenorth,Stocktonto


theeast,TracytothesouthandPittsburgtothewest.Thereareover1,000milesofleveeslining


hundredsofmilesofDeltawatercourses(DWR2010a)(Figure2.4‐1).Whilenotpartofthe“legal


Delta,”SuisunMarshisanimportantecologicalareacloselyassociatedwiththeDelta.Itisthe


marshlandlocatednorthofSuisunandHonkerBays,westofPittsburg.


Historically,theDeltacontainedinnumerablechannelsofvarioussizesbutonlyafewofthelargest


channelsremainandmanyofthosehavebeenalteredbymeandercutsanddredgingtomake


navigationmoreefficient(Whippleetal.2012).ThelargestsourcesoffreshwatertotheDeltaare


theSacramentoRiverandYoloBypasstothenorth,theMokelumneandCalaverasRiverstotheeast,


andtheSanJoaquinRivertothesouth.Anadditionalandessentiallyunlimitedsourceofsaline




State Water Resources Control Board Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
2‐65

Final


watertotheDeltaisthePacificOceananditsdailyandseasonaltidalcyclesthatpropagateup


SuisunBayandinfluencetheentireDelta.







Figure 2.4‐1. Generalized Delta Map
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ThenaturalgeomorphologyoftheDeltaandSuisunMarshhasbeengreatlyalteredby


anthropogenicchangesinsedimentsupply,floodcontrolprojectsincludingleveebuildingand


draining,mosquitoditchesinSuisunMarsh,andbylargedamanddiversionprojectsthroughoutits


watershed.Leveesandvariouslanduseshavereducedthedepthofpeatsoilswithintheconfinesof


theleveestodepthsof‐24feet(‐7.25meters)(Drexleretal.2009),whichcreatesanenormous


volumeofspacethat,intheeventofaleveebreak,willbringsalineandbrackishwaterfromthe


westfurtherintotheDelta(MountandTwiss2005).


TherearealargenumberofagriculturaldiversionsdirectlyfromthechannelsoftheDelta(DWR


2010a).Additionally,therearelargediversionsandpumpingplantsfordistantmunicipal,industrial,


andagriculturaluses(DWR2010a).Whilethesediversionsaremanagedtosatisfymultiple


objectivestheyinfluenceflowthroughtheDeltaandcanhaveconsequencessuchasentrainment


lossandincreasedpredationtoimperilednativespeciesoffish.Agriculturaldiversionsandpumped


exportsremovephytoplanktonbiomassandreducetheDelta’scarryingcapacityforconsumersin


thislowproductivityecosystemwherefoodlimitationispervasiveacrosstrophiclevels(Monsenet


al.2007).


Inthenorth,theFreeportRegionalWaterAuthoritydivertsfromtheSacramentoRiveratFreeport,


andtheNorthBayAqueductandtheCityofVallejoPipelinedivertwaterfromsloughsatthelower


endoftheYoloBypass.Intheeast,theCityofStocktondivertsfromthemainstemoftheSan


JoaquinRivernearMedfordIsland.Inthesouthwest,theCVP,SWP,ContraCostaWaterDistrict


(CCWD),EastContraCostaIrrigationDistrict,andByron‐BethanyIrrigationDistrictdivertfromthe


OldRiverchanneloftheSanJoaquinRiverandothersouthernDeltachannels.TheSacramentoRiver


isamajorsourceofthefreshwaterintheOldRiverchannelwhichispulledupstreamthrough


GeorgianaSloughandtheDCCgates(DWR2010a).


2.4.1 Delta Inflows

Despiteitsname,theDeltaisnotsimplythemergingoftworiverdeltas,butisinsteadanelongated


complexnetworkofdeltasandfloodbasins.Basedoncurrentunimpairedflowestimates,the


SacramentoRiveristhelargestsourceofflowsandcontributesanaverageof61percentofinflows


totheDelta;theYoloBypasscontributesabout14percent,theeastsidetributariesincludingthe


MokelumneRivercontributeabout4percent,andtheSanJoaquinRivercontributes21percent.


Currently,duringfloodstages,approximately82percentofflowsfromtheSacramentoRiverpass


throughtheYoloBypass(Roos2006).Thefloodstageflowscanhavemanysourcesincludingdirect


flowsfromtributariessuchastheFeatherandAmericanRiversaswellasthroughasystemof


passiveandactiveweirs(JamesandSinger2008;Singeretal.2008;SingerandAalto2009;DWR


2010a,2012).TheSanJoaquinRiverdischargesintoabroadnetworkofsloughsandchannels,and


theMokelumneRiverdeltamergeswiththeSanJoaquinRiverdeltaontheeasternsideoftheDelta.


OnthesouthwestsideoftheDelta,theMarshCreekdeltamergeswiththeSanJoaquinRiverdelta.


Underpre‐developmentconditions,inflowsfromboththeSacramentoandSanJoaquinRiverswere


muchlowerJuly–NovembercomparedtoDecember–June(TBI1998).Thisdifferencewasmore


dramaticintheSanJoaquinRiver.TheSanJoaquinRiverhasanupperwatershedconsistingof


impermeablegraniticrock.Incontrast,theupperwatershedoftheSacramentoRiveriscomposedof


permeablevolcanicrock.Asaresult,groundwaterdischargefromthisvolcanicsystemhistorically


maintainedasummerbaseflowatRedBluffofapproximately4,000cfsandabout800cfsinthe


FeatherRiver,withoutwhichtheSacramentoRiverwouldhavenearlydriedupduringthefall(TBI


1998).WaterdiversionsintheSanJoaquinValleybeganearlierthanthoseintheSacramentoValley
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and,by1870,flowsoftheSanJoaquinRiverweresignificantlyreduced(CaliforniaDepartmentof


PublicWorks1931;JacksonandPatterson1977).SacramentoRiverdiversions,particularlythosein


latespringandsummerforriceirrigation,increaseddramaticallyfrom1912to1929,andthe


combinationofsignificantdroughtperiodsandincreaseddiversionduringtheannuallow‐flow


periodresultedinanunprecedentedsalinityintrusionintotheDeltainthefallof1918(California


DepartmentofPublicWorks1931;JacksonandPatterson1977;TBI1998).Theeconomicimpactsof


thesediversion‐causedsaltwaterintrusionsultimatelyledtothecreationoftheCVPandthe


constructionofdamsforthereleaseoffreshwaterflowtopreventsalinityintrusion(Jacksonand


Patterson1977).ConstructionofdamsanddiversionsonallmajorriverscontributingtotheDelta


betweenthe1930sand1960sresultedinsubstantialchangestoDeltainflows(Figure2.4‐2;Table


2.4‐1).WinterfloodpeaksandspringsnowmeltrunofffromDeltatributarieshavebeengreatly


reducedbyupstreamstorageandreplacedbyincreasedflowsinsummerandearlyfall,comparedto


pre‐Projecthydrology(Kimmerer2002a,2004).


Table2.4‐1andFigure2.4‐2showthelargeeffectsofwaterdevelopmentupstreamoftheDelta.


Currentconditionsinthespringarelessvariableandinflowsarelessthan57percentofunimpaired


flowsinhalfoftheyears.ThemonthsofAprilandMayarethemostextremewherecurrentDelta


inflowislessthan50percentofunimpairedflowsmorethan70percentoftheperiod.Table2.4‐2


showsthatDeltainflowsfromtheSanJoaquinRiverarethemostimpairedfollowedbyDelta


eastsidetributariesandtheSacramentoRiveristheleastimpairedcontributiontoDeltainflow.








Figure 2.4‐2. Delta Inflow Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows
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Table 2.4‐1. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow for

Delta Inflow

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 83 59 47 49 42 38 28 24 30 72 93 71 38 78 53


10% 104 81 68 60 53 48 32 29 42 83 140 133 48 99 65


20% 129 90 74 65 59 52 35 33 47 98 152 148 50 107 69


30% 140 97 76 69 65 55 36 34 50 113 166 167 53 114 72


40% 150 109 81 73 68 58 39 37 52 127 172 190 54 118 73


50% 158 120 87 78 71 63 41 39 56 142 178 207 57 129 75


60% 164 135 96 82 76 65 43 40 60 164 187 230 61 134 77


70% 171 145 106 90 83 72 49 46 66 180 194 243 65 146 79


80% 179 151 122 95 89 78 54 51 81 196 204 262 71 155 82


90% 191 161 145 101 95 87 66 57 103 210 210 297 75 165 86


100% 216 197 185 141 106 100 82 83 163 256 239 351 87 193 105





Table 2.4‐2. Median Current Conditions as Percent of Unimpaired Flow for Delta Inflow by Major

Tributary

 January–June July–December Annual


YoloBypass 55 216 71


SacramentoatFreeport 64 128 84


SanJoaquinatVernalis 35 114 48


EastsideTributaries 46 129 62





2.4.2 Delta Hydrodynamics

HumanmanagementofwaterandchangestothephysicalstructureoftheDeltahavesignificantly


changedthetiming,magnitude,andflowpathsthroughtheDelta,withadverseeffectsonfishand


wildlife.Duringthesummer‐falldryseason,theDeltachannelsessentiallyserveasaconveyance


systemformovingwaterfromreservoirsinthenorthtotheCVPandSWPexportfacilities,which


areoperatedjointlyundertheCoordinatedOperationsAgreement,aswellasthesmallerCCWD


facility,forsubsequentdeliverytofarmsandcitiesintheSanJoaquinValley,southernCalifornia,


and/orotherareasoutsidethewatershed(Kimmerer2002a).


TheCVPDeltafacilitiesconsistoftheC.W.“Bill”JonesPumpingPlant(formerlyTracyPumping


Plant),TracyFishCollectionFacility,andDelta‐MendotaCanal(DMC).Alongwiththesefacilities,


ReclamationdirectstheoperationoftheDCCtoimprovethetransferofwaterfromtheSacramento


Rivertothepumpingplant(Reclamation2009).ThedesigncapacityoftheJonesPumpingPlantis


4,600cfs,butuntil2012avarietyoffactors,includingsubsidenceintheDMC,limitedthemaximum


pumpingratetoapproximately4,200cfs.InApril2012,anintertie(two108‐inch‐diameterpipes)


wascompletedfromtheSWPtotheCVP.Theintertieallowsupto900cfstogravityflowfromthe


CaliforniaAqueducttotheDMC.Completionoftheintertieisexpectedtohavesomeeffectsonthe


tidalelevationsattheDMCintakeandsmallereffectsontidalelevations,flows,andvelocitiesin


southDeltachannels(Reclamation2009).WaterispumpedbytheJonesPumpingPlantintothe
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DMCfordeliverytoCVPcontractorsintheCentralValleyorstorageinSanLuisReservoir,ashared


CVP/SWPfacility.


TheSWPDeltafacilitiesconsistoftheHarveyO.BanksPumpingPlant,theCliftonCourtForebay


(CCF),theCaliforniaAqueductandalsotheBarkerSloughPumpingPlantforexportthroughthe


NorthBayAqueduct(Reclamation2009).TheinstalledcapacityoftheBanksPumpingPlantis


10,300cfs.However,aU.S.ArmyCorpsofEngineers(USACE)permitlimiteddiversionsintoCCFat


thehistoricmaximumdailyaveragerateof6,680cfs(USACE1981).WhenSanJoaquinRiverflowat


Vernalisexceeds1,000cfsduringtheperiodfrommid‐Decembertomid‐March,thediversioninto


CCFmaybeincreasedbyone‐thirdoftheVernalisflow(USACE1981).Banksisoperatedto


minimizetheimpactonpowerloadsontheCaliforniaelectricalgridtotheextentpractical,usingthe


CCFasaholdingreservoirandrunningallavailablepumpsatnightandareducednumberduring


thehigherenergydemandhours,evenwhentheCCFisadmittingthemaximumpermittedinflow.


BanksPumpingPlantisalmostalwaysoperatedtothemaximumextentpossible,subjecttothe


limitationofwaterquality,Deltastandards,andothervariables,untilallneedsaresatisfiedandall


storagesouthofDeltaisfull(USDOI2008).WaterispumpedbytheBanksPumpingPlantfor


deliverytoSWPcontractorsintheSanJoaquinValleyandsouthernCaliforniaandforstorageinSan


LuisReservoirandmultipleterminalandlocalreservoirs,thelargestandnewestbeingDiamond


ValleyLakeinRiversideCounty,whichwascompletedin2003,withacapacityof800TAF.


HabitatconditionsintheDeltaaredrivenbytheriseandfallofthetides,whichresultsinupstream


anddownstreammovementoflargevolumesofwaterandproducesflowsandvelocitiesthatare


generallymuchgreaterthanwhatisassociatedwithnetflows.However,netflowsalsoplayarolein


theecosystem.Exportoperationscombinedwithchangesinchannelgeometry,gates,andbarriers


andhavegreatlyalteredthenaturaldirectionofnetflowintheDeltawitheffectsonwaterquality,


fishmigration,andhabitatsuitability(DSC2012).Historically,thenaturalflowoffreshwater


throughtheDeltawasgenerallyfromtheSacramentoRiver,SanJoaquinRiver,andeastside


tributarieswestwardtowardSanFranciscoBay.Currently,netflowisgenerallyfromthe


SacramentoRiversouthwardtowardtheexportpumps,exceptduringhighflowevents(Figure2.4‐


3).TheSanJoaquinRiver’ssmallrelativeflowcontributioncombinedwithhighexportpumping


rateshascausedreverseflowsinthesouthernDeltaandreducedoutflowfromtheDeltaintothe


SanFranciscoBay.
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Figure 2.4‐3. Flow Direction in the South Delta. The left panel depicts the tidally averaged flow

direction in the absence of export pumping. The right panel depicts reversal of tidally averaged flows

that occurs during times of high exports (pumping) and low inflows to the Delta (DSC 2012).




Deltagatesanddiversionscansubstantiallyredirecttidalandriverflowscreatingnetflowpatterns


andsalinityandturbiditydistributionsthatdidnotoccurpriortodevelopment.Barriersareusedin


theDeltatocontrolwaterqualityinvariouslocationsintheDeltabychangingthehydrodynamics.


2.4.3 Delta Barriers

HydrodynamicsinthesouthDeltaareaffectedbyfourseasonalrockbarriersinstalledtoimprove


waterlevelsforagriculturaldivertersandtoreduceentrainmentofnativefish.ThesouthDelta


TemporaryBarriersProjectincludesthreeagriculturalbarriersatOldRivernearTracy(ORT),


MiddleRiver(MR)nearitsconfluencewithVictoriaandNorthCanals,andonGrantLineCanal


(GLC),andonefisheriesbarrier,theHeadofOldRiverBarrier(HORB)(NMFS2012).


ThethreeagriculturalbarriersareinstalledseasonallyfromApril15toSeptember30,onORT,MR,


andGLC.Thetopsofthebarriersarebelowthemeanhightidelevel,allowingflowtoenteronthe


floodtide,butrestrictingitfromexitingontheebbtide.Thistrappedwaterprovidessufficientdraft


foragriculturalpumpsinthesouthDeltatooperatewithoutinterruption,butalsoblocksthenatural


flowandcirculationpatternsofthesestreams(NMFS2009a).


TheHORBisinstalledinthespringtokeepmigratingSanJoaquinChinooksalmoninthemainSan


JoaquinRiverchannelandawayfromthepumpsandpredatorsintheinteriorDeltaandagaininthe


falltoimprovelowDOconditionsintheStocktonDeepWaterShipChannel(DWSC)byincreasing
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flow(NMFS2012).Thebarrierisfittedwithculvertstoallowaminimumofapproximately500cfs


toflowintoOldRiver.HORBisinstalledinmid‐September,atthediscretionofCDFW,andis


completelyremovedbyNovember30.Throughoutthisperiod,thebarrierisnotchedtoallowforthe


upstreampassageofadultsalmonandsteelhead(NMFS2012).Unliketheagriculturalbarriers,the


HORBisnotsubmergedathightide.


InstallationofthesouthDeltaagriculturalbarriersreducestidalexchangeinthesouthDelta.The


barrierscreateadelayinthetidalsignalanddifferenceinelevationbetweenthechannelsupstream


anddownstreamofthebarriers.InstallationoftheHORBreducesnetflowsintoOldRiver(NMFS


2012).ThereisevidencethatthepresenceoftheHORBmagnifiesnegativeOMRflows,thus


increasingentrainmentofDeltasmelt(NMFS2009b).Thiscanoccurwhenwaterthatisblockedby


theHORBfromenteringOldRiverproceedsdowntheSanJoaquinRiverandthenisdrawnintoOld


andMiddleRiverstowardtheCVPandSWPdiversionpoints.


Areasofnullflows(flowswithnonetupstreamordownstreammotion)canoccurintheinterior


sectionsofthesouthDeltachannels.NullflowsbecomemorecommonwhensouthDeltairrigation


demandsarehighandinflowfromtheSanJoaquinRiverislow(e.g.,whenHORBisinplace).The


flowpatternsintheinteriorofthesouthDeltaundertheseconditionscreatea“hydraulictrap”for


particles(orfish)movingwiththeriver’sflow.Thesenullflowareasarealsoassociatedwithlow


DOandpoorwaterquality(NMFS2012).


2.4.4 Delta Cross Channel Gate Operations

TheDCCisacontrolleddiversionbuiltin1951,locatedinWalnutGroveandoperatedand


maintainedbytheSanLuisDelta‐MendotaWaterAuthorityatthedirectionofReclamation.The


gateshaveaphysicalcapacityof3,500cfsandcandivertasignificantportionoftheSacramento


RiverflowsintotheeasternDelta(StateWaterBoard2010).Flowsarecontrolledbygatesthatare


normallykeptopentomaintaincross‐Deltaflows.TheDCCgatesareclosedinthelatesummerand


autumn,tofacilitatesalmonemigration(Monsenetal.2007).TheDCCsignificantlyaffectsDelta


hydrodynamicsbysendingSacramentoRiverwaterintoSnodgrassSloughandtheNorthFork


MokelumneRiverandthentotheinteriorDelta(Reclamation2006).Thisdiversionsignificantly


improveswaterqualityinthesouthernDeltaandattheexportpumps,butalsoincreasesthe


probabilityofentrainmentofjuvenilesalmonmigratingpastitsgatesintotheinteriorDelta,


resultinginlowersurvival.Whenthegatesareopen,40–50percentoftheSacramentoRiverflow


enterstheinteriorDeltaviatheDCCandGeorgianaSlough.Whenthegatesareclosed,only15–20


percentoftheSacramentoRiverflowenterstheinteriorDelta(Lowetal.2006).Thegatesare


closedduringmigrationperiodstoprotectChinooksalmonandalsoathighflowstoprevent


flooding(Reclamation2006).TheeffectoftheDCConfishisdiscussedinmoredetailinSection


3.4.5,FlowEffectsonSalmonids.


ClosureoftheDCCgatesaltersthecirculationinthenorthDeltabydirectingmoreSacramentoRiver


waterdownitsmainstemandawayfromthecentralDelta.Thisclosureresultsinlessfreshwater


availabletopreventsalinityintrusionontheSanJoaquinRiverstemoftheDelta.Whilesalinitywill


decreaseatEmmatonontheSacramentoRiver,salinitywillincreaseontheSanJoaquinatJersey


Point(Monsenetal.2007).
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2.4.5 South Delta Exports and Old and Middle River Reverse

Flows

ExportsfromthesouthDeltaincludeSWP’sBanksPumpingPlant,CVP’sJonesPumpingPlantand


CCWD’sVictoriaCanalandOldRiverPumpingPlants.ThecombinedcapacityoftheCVPandSWP


southDeltapumpingplantsisabout15,000cfs,withmedianandmaximumdailycombined


diversionssincewateryear2000of6,854and13,720cfs,respectively(Dayflow).Thecombined


capacityofCCWDsouthDeltaintakesisabout500cfs,withmedianandmaximumdailycombined


diversionssincewateryear2000of133and460cfs,respectively(Dayflow).Exportsfromsouth


DeltachannelscangreatlyreduceDeltaoutflowandalterDeltahydrodynamicsbydrawingwater


fromthecentralDeltatowardstheexportfacilitiesinthesouthDelta.SouthDeltaexportshave


increasedsincethelate1950swhenJonesPumpingPlantwasdeveloped.Thehighestpumpingrates


haveoccurredintheyears2000–2009aftertheadoptionofD‐1641,particularlyinthesummerand


fall(Figure2.4‐4).During2010–2015,southDeltaexportshavebeenreducedbythe


implementationoftheBiOpstoprotectendangeredspecies(NMFS2009a;USDOI2008)and


reducedavailablewaterforexportduetodroughtconditions.








Figure 2.4‐4. Total Seasonal SWP and CVP South Delta Exports by Decade (Source: Dayflow). The

year shown on the x‐axis represents the start year of the decade, for example “2000s” represents

2000–2009 and “2010s” represents 2010–2015.




ThemostprominentexampleofchangesinnetflowdirectionintheDeltaoccursintheOldRiver


andMiddleRiverchannelsoftheSanJoaquinRiver.Fleenoretal.(2010)documentedthechangein


boththemagnitudeandfrequencyofnetOMRreverseflowsaswaterdevelopmentoccurredinthe


Delta(Figure2.4‐5).ThedisparitybetweenpumpingratesascomparedtothestreamflowintheSan


JoaquinRivercreatesnetreverseflows(waterflowingupstream)ontheOldandMiddleRivers.The


magnitudeofthesenetreverseflowscanattimesbeasgreatas12,000cfsflowingfromthecentral


Deltatowardtheexportpumps.Thesereverseflowscanentrainfishintothepumps,confuse


migratorycuesthatjuvenilesalmonidsusetonavigatetowardstheocean,andaffectwaterquality


intheDelta(Jassby2005;Kimmerer2008).
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The1925–2000unimpairedlineinFigure2.4‐5representsthebestestimateof“quasi‐natural”or


netOMRvaluesbeforemostmodernwaterdevelopment(Fleenoretal.2010).Theotherthreelines


representchangesinthefrequencyandmagnitudeofnetOMRflowswithincreasingdevelopment.


NetOMRreverseflowsareestimatedtohaveoccurrednaturallyabout15percentofthetimebefore


modernwaterdevelopment(Figure2.4‐5,PointA).ThemagnitudeofnaturalnetOMRreverseflows


wasseldommorenegativethanacoupleofthousandcfs.Incontrast,between1986and2005net


OMRreverseflowshadbecomemorefrequentthan90percentofthetime(Figure2.4‐5,PointB).








Figure 2.4‐5. Cumulative Probability of OMR Flows from Fleenor et al. 2010




OMRflowsaremonitoredbytheU.S.GeologicalSurvey(USGS)attwositesusingratedvelocity


meterscombinedwithstagetoestimatedischargeevery15minutes.Tidalinfluencesaredigitally


“filtered”out,whichresultsinameasurednetOMRflow.Thetidalfilterusespastandfuture


measurementswhichimposesadelayof35hoursuntilthenetflowdataisavailabletooperators,


enforcementagencies,andthepublic.TheUSGSmeasurednetOMRflowhasbeencriticizedasbeing


apoorcomplianceindexanddifficulttooperatetobecauseofthetimedelayandfrequentmissing


orerroneousdata(CCWD2012).


Startinginearly2014,ReclamationandDWR,withconcurrencefromNMFSandUSFWS,begana


1‐yeardemonstrationproject,whichwaslaterextended,totesttheabilitytomanageOMRthrough


anumericalindexdevelopedbyMetropolitanWaterDistrictofSouthernCalifornia.Duringthe


projectduration,theSWPandCVPwillmonitorandcompareboththeUSGStidallyfilteredOMR


measurementsandtheindexvalues.Theindexisintendedtobeequallyprotectiveoffishandmore


predictabletooperateto(Reclamation2014;NMFS2014c).
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2.4.6 Delta Outflow and X2

TwocommonlyusedmetricsofflowmagnitudethroughtheDeltaareoutflowandX2.Outflowis


expressedasanetflowfromtheDeltatotheSanFranciscoBaywiththetidalsignalremoved.X2is


definedasthehorizontaldistanceinkilometersuptheaxisoftheestuaryfromtheGoldenGate


Bridgetowherethetidallyaveragednear‐bottomsalinityis2practicalsalinityunits(Jassbyetal.


1995).DeltaoutflowandthepositionofX2arecloselyandinverselyrelatedwithatimelagofabout


2weeks(Jassbyetal.1995;Kimmerer2004),withthelagbeinginverselydependentonthe


magnitudeofDeltaoutflow.


Tidesaredrivenbygravitationalpullbythesunandthemoon,airpressure,andwindcurrents.The


flowdrivenbythetidesisgreatestclosertotheocean.Summertidalflowscanreachupto340,000


cfsatthemouthoftheestuarynearPittsburgandareweakerupstreamontheSacramentoandSan


JoaquinRivers(Figure2.4‐6).LargetidalexchangesbelowtheconfluenceoftheSacramentoandthe


SanJoaquinRiversmakeitdifficulttomeasureflowthroughthelargechannels.RecentlyUSGS


installedmonitoringstationstomeasureDeltaoutflow;however,theyaresubjecttofrequent


outages,imprecision,anderror.TobetteraccountforhydrologywithintheDeltaintheabsenceof


measureddata,toolssuchasDayflowhavebeendevelopedtoestimateinteriorDeltaflowsandnet


Deltaoutflow.


DayflowisamodeldevelopedbyDWRin1978asanaccountingtoolforwaterintheDelta.State


WaterBoardWaterRightsDecisionD‐1485setDeltaoutflowstandards;however,thetechnologyto


gagethelargeflowexchangeatthemouthoftheDeltawasnotavailable.Dayflowwasdevelopedto


provideanestimateofoutflowandtogainestimatesofhistoricDeltaoutflow.Dayflowcalculatesthe


dailyaveragenetDeltaoutflowindex(NDOI)basedonprecipitationgages,inflowgages,Project


exports,channeldepletions,andagriculturalconsumptiveuses.InadditiontoNDOI,Dayflow


providesestimatesofnetflowthroughtheDCCandGeorgianaSlough,netflowatJerseyPoint


(QWEST),andX2.


RecentlystudieshaveshownthatNDOIisaninaccuratemeasureofDeltaoutflowduringcertain


timesoftheyearandparticularlyattimesoflowDeltaoutflow.Duringthesetimes,measured


salinityvaluescanbeusedtoestimateDeltaoutflowusinghistoricalrelationshipsbetweensalinity


andoutflow(BrownandHuber2015;DWR2016d).DiscrepanciesbetweensalinityvaluesandNDOI


maybeindicativeoferrorsintheNDOIterms,particularlyDeltaconsumptiveuse.


DWR,UCDavis,andothershavebeenworkingtoimprovetheestimatesofin‐Deltaconsumptive


usesandchanneldepletionwhichwillimprovetheestimatesofDeltaoutflowandultimately


hydrodynamicsandtheLSZ(Medellín‐Azuaraetal.2016).OneofthesenewtoolsisDelta


EvapotranspirationofAppliedWater(DETAW).Remotesensingtechniqueshavethepotentialto


improvetheaccuracyofthesetools;however,thenewmethodsarestillunderdevelopmentand


mayrequiresignificantresourcestobeappliedtotheentireDelta.CurrentDayflowestimatestend


tounderestimateDeltaconsumptiveusesinthesummer,whichaffectsoutflowandLSZestimates


whencomparedtonewerestimatesusingDETAW(DWR2016d).ThefuturereleaseofDETAWand


othermodelswillhopefullymoreaccuratelyestimateDeltausesandimproveestimatesofDelta


salinity,outflow,andhydrodynamics.
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Figure 2.4‐6. Delta Tidal Flows over a 25‐Hour Cycle in Summer Conditions (values in cfs)

(DWR 1995)
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USGShasinstalledamonitoringstationnetworkthatnowallowsforacomparisonbetweendirect


estimatesofnetDeltaoutflow(NDO)andDayflowNDOI;however,becauseofthelargetidal


fluctuations,themeasurednetflowispronetoerrors(DWR2016d).Intheabsenceofmeasurement


errororerrorintheestimatesoftheNDOIcomponents,NDOandNDOIwouldbesimilarexceptfor


differencescausedbythespring–neaptidalcycle,whichcausestheDeltatofillanddrainovera


2‐weekperiod.AttimesofverylowDeltaoutflow,thefillinganddrainingoftheDeltaassociated


withthespring–neaptidalcyclecancausenegativeNDO.WhenNDOisverylow,errorsinthe


componentsoftheDayflowestimateofNDOIandthespring–neapfillinganddrainingoftheDelta


cancausearelativelylargediscrepancybetweenNDOIandactualNDO(DWR2012).TheState


WaterBoardrecentlyconductedapeerreviewthroughtheDSC’sDSPoftheaboveissuesas


summarizedbyDWR(2016d)toproviderecommendationsonimprovementstoDeltaoutflow


estimates.Thepeerreviewreport(Fleenoretal.2016)wasreceivedinthefallof2016,andwillbe


usedtoinformthefutureimplementationofregulatoryrequirementsforDeltaoutflow.


Thecombinedeffectsofwaterexportsandupstreamdiversionshavecontributedtoreducethe


averageannualnetoutflowfromtheDeltaby33percentand48percentduringthe1948–1968and


1986–2005periods,respectively,ascomparedtounimpairedconditions(Fleenoretal.2010).


DayflowdataalsoshowatrendfordecreasingDeltaoutflowthroughtime.Sincethe1990s,there


hasbeenareductioninspringoutflowandareductioninthevariabilityofDeltaoutflowthroughout


theyear(Figure2.4‐8)duelargelytothecombinedeffectsofexports,diversions,andvariable


hydrology.


SacWAMresultsforunimpairedandcurrentconditionsindicatethedegreeandvariabilityof


impairmentoftotalDeltaoutflowbymonth(Table2.4‐3;Figure2.4‐7).TheSanJoaquinRiver


watershedisnotpartoftheSacWAMmodel.Instead,SanJoaquinRiverinflowtotheDeltaisa


modelinput.FortheSacWAMsimulationofunimpairedconditions,theVernalisinflowvaluescame


fromDWRasoutlinedinthefourtheditionunimpairedflowsreport(DWR2007c).FortheSacWAM


simulationofcurrent,impairedconditions,theVernalisinflowvalueswerethosesimulatedby


CalSimIIforthe2015DeliveryCapabilityReport(DWR2015).


MayandJuneshowthelargestimpairment,wherein80percentofthosemonthsDeltaoutflowis


lessthan44percentand46percentoftheunimpairedflow,respectively(Table2.4‐3).For


simulatedcurrentconditions,Deltaoutflowismuchlowerinthespringandfrequentlyhigherin


SeptembercomparedwithunimpairedDeltaoutflow,andvariabilityisreducedinallmonthsexcept


September(Figure2.4‐7).Table2.4‐4showsthecontributingsourcesofunimpairedDeltaoutflow


byseason.TheSacramentoRiveratFreeportcontributes61percentoftheoutflowinthewinter‐


spring,and77percentinthesummerandfall.Theothermajorannualaveragecontributionsto


DeltaoutfloworiginatefromtheFeather,American,andSanJoaquinRiverwatersheds(25percent,


9percent,and21percent,respectively).







State Water Resources Control Board Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
2‐77

Final





Figure 2.4‐7. Delta Outflow Simulated Current Conditions (gray) and Unimpaired (white) Monthly

Flows







Table 2.4‐3. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Delta

Outflow

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 27 27 26 34 34 28 20 16 17 28 36 31 28 38 32


10% 40 33 30 45 40 35 23 21 23 35 44 44 35 44 39


20% 45 40 34 50 43 38 26 24 25 39 47 45 38 49 40


30% 49 45 37 52 48 42 28 27 27 43 50 48 39 53 43


40% 52 52 45 56 52 43 33 29 29 47 52 55 42 55 45


50% 55 55 50 58 56 46 34 30 32 49 54 59 44 57 48


60% 61 62 52 63 60 52 37 34 36 55 57 103 50 60 53


70% 74 71 57 66 67 60 42 36 40 59 63 131 55 63 56


80% 86 85 62 71 77 66 50 44 46 65 67 144 61 67 62


90% 104 91 68 82 84 75 60 51 60 72 78 179 65 73 66


100% 122 107 98 122 95 96 77 62 102 108 98 237 80 92 78
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Figure 2.4‐8. Seasonal Net Delta Outflow Index by Decade (Source: Dayflow). The year shown on

the x‐axis represents the start year of the decade, for example “2000s” represents 2000–2009 and

“2010s” represents 2010–2015.







Table 2.4‐4. Simulated Unimpaired Contributions to Total Delta Outflow from Various Locations in

the Project Area (percent of Delta outflow)

Location Jan–Jun Jul–Dec AnnualTotal


SacramentoRiverbelowKeswick 17.4 27.7 19.7


SacramentoRiveratFreeport 61.2 77.1 64.8


CowCreekatConfluencewithSacramentoRiver 1.5 1.6 1.5


BattleCreekatConfluencewithSacramentoRiver 1 2 1.2


ButteCreeknearDurham 1.4 1.5 1.4


AntelopeCreekatConfluencewithSacramentoRiver 0.4 0.5 0.4


DeerCreek 0.8 0.9 0.8


MillCreek 0.7 1 0.8


PaynesCreek 0.2 0.2 0.2


ClearCreek 1.2 1.1 1.1


BigChicoCreek 0.4 0.4 0.4


FeatherRiveratConfluencewithSacramentoRiver 24.2 25.9 24.6


FeatherRiveraboveConfluencewithYubaRiver 15.1 17 15.5


YubaRiver 8.3 7.6 8.1


BearRiveratConfluencewithFeatherRiver 1.3 1.4 1.3


AmericanRiveratConfluencewithSacramentoRiver 9.7 6.7 9.1


MokelumneRiverabovetheconfluencewithCosumnes 2.4 1.3 2.2


CosumnesRiveratconfluencewithMokelumne 1.7 1 1.5


CalaverasRiver 0.5 0.3 0.4


StonyCreek 1.5 1.1 1.4


CottonwoodCreek 2 1.6 1.9


ThomesCreek 0.9 0.8 0.9
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Location Jan–Jun Jul–Dec AnnualTotal


ElderCreek 0.2 0.2 0.2


CacheCreek 1.7 1 1.5


PutahCreek 1.2 0.8 1.1


SutterBypassOutflow 10.1 6.1 9.2


YoloBypass 9.6 5.1 8.6


SanJoaquinRiveratVernalis 22.7 15.9 21.2


DeltaOutflow 100 100 100





DeltaoutflowandX2arecloselyandinverselyrelated.HigherDeltaoutflowspushsalinewaters


fromthePacificfurthertowardtheGoldenGateBridge,thereforereducingthevalueofX2,which


scalesasthelogarithmofnetDeltaoutflow.However,becauseantecedentconditionsarealso


important,especiallyattimeswhenthereisalargevariabilityindailyoutflow,therelationship


betweencurrentoutflowandX2weakens(Monismithet.al.2002).Onamonthlytimestep,the


relationshipbetweenoutflowandX2isquiteclear,asshowninFigure2.4‐9.








Figure 2.4‐9. Time Series of X2 (thin line, left axis, scale reversed) and Outflow (heavy line, right

axis, log scale), Annual Averages for January to June. Flow data from DWR; X2 calculated as in

Jassby et al. (1995) (Source: Kimmerer 2002b, Figure 3).




HydrodynamicsimulationsconductedbyFleenoretal.(2010)indicatethatthepositionofX2has


beenskewedeastwardintherecentpast,ascomparedtopre‐developmentconditionsandearlier


impairedperiods,andthatthevariabilityofsalinityinthewesternDeltaandSuisunBayhasbeen


significantlyreduced(Figure2.4‐10).




State Water
Resources
Control
Board
 Hydrology


Phase
 II
Update
of the
2006 Bay‐
Delta
 Plan

Scientific
Basis Report

2‐80

Final


Figure2.4‐10showsthecumulativeprobabilitydistributionsofsimulateddailyX2locationsshowing


unimpairedflows3(greensolidline)andthreehistoricalperiods,1949–1968(lightsolidblueline),


1969–1985(long‐dashedbrownline)and1986–2005(short‐dashedredline),illustratingprogressive


reductioninsalinityvariabilityfromunimpairedconditions.Pairedlettersindicategeographical


landmarks:CQ,CarquinezBridge;MZ,MartinezBridge;CH,ChippsIsland;CO,Collinsville;EM,


Emmaton;andRV,RioVista.ThehigherX2valuesshowninthisfigure(refertoPoint“B”)indicatethe


LSZisfartherupstreamforamoreprolongedperiodoftime.Point“B”demonstratesthatduringthe


periodfrom1986to2005thepositionofX2waslocatedupstreamof71kmnearly80percentofthe


time,asopposedtounimpairedflowswhichwereequallylikelytoplaceX2upstreamordownstream


ofthe71kmlocation(50percentprobability).(Fleenoretal.2010.)


Historically,X2exhibitedawideseasonalrangetrackingtheunimpairedDeltaoutflows;however,


seasonalvariationinX2rangehasbeenreducedbynearly40percentascomparedtopre‐dam


conditions(TBI2003).








Figure 2.4‐10. Cumulative Probability of Daily X2 Locations, from Fleenor et al. 2010




Huttonetal.(2015)estimatedX2positionbasedonsalinitymeasurementsfor1922–2012.This


analysisevaluatedtrendsthroughtimebymonth,asopposedtotheanalysispresentedabovethat


combinedresultsforallmonths(Fleenoretal.2010).Asmightbeexpectedbasedonincreases


throughtimeinthestorageandreleaseofwater,analysisfortheentire91yearsshowedincreases


inX2throughtime(i.e.,moresaltwaterintrusion)duringtheperiodwhenwaterismosttypically


stored(November–June)anddecreasesinX2(i.e.,lesssaltwaterintrusion)duringdrymonthswhen


wateristypicallyreleasedfromstorage(AugustandSeptember).ComparisonofX2positionduring




3DailyunimpairedflowsshownhereareestimatedusingDWR’spreviousmethodofestimatingunimpairedflows

describedinCaliforniaCentralValleyUnimpairedFlowData,FourthEdition(DWR2007c).
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pre‐Projectwateryears(1922–1967)andpost‐Projectwateryears(1968–2012)showedthelargest


monthlydifferencesoccurringduringcriticalwateryears,whenreservoirstorageandreleasehasa


greatereffectonhydrology.Figure2.4‐11wasproducedfromtheHuttonetal.(2015)dailyX2


positiondataandresemblesFigure2.4‐10inmostsalientfeatures.Theinclusionofthe1922–1945


highlightsoneoftheproblemsthatoccurredinthewatershedafterthedikinganddrainingofthe


Deltaandthedevelopmentbutbeforethecompletionofupstreamstorageprojects,includingShasta


Reservoir.Duringdrymonths,andinparticularduringseveredroughts,salinityintrudeddeepinto


theDelta,asshownintheredlineinFigure2.4‐11.Suchseveresalinityintrusionswerelikelymuch


rarerpriortothewideninganddeepeningofDeltachannels(Whippleetal.2012).Intheperiod


since1945,X2positionshavereducedinvariabilitydueinparttoagreaterabilitytorepelsalinity


duringdryconditions,buthavegenerallyskewedupstreamunderallbutthedriestconditions,as


showninbothFigures2.4‐10and2.4‐11.








Figure 2.4‐11. Exceedance Frequency Distribution of Daily X2 Positions. Data are divided into four

historical periods: prior to the completion of Shasta Reservoir (1922–1945), prior to the

completion of Oroville Reservoir (1946–1967), prior to the adoption of D‐1641 (1968–1999), and

following the adoption of D‐1641 (2000–2012). Data shown are the Sacramento River daily X2

positions from Hutton et al. 2015.




AlthoughX2wasoriginallyconceivedofasaregulatoryparameterforthewinter‐springperiod


(Jassbyetal.1995),morerecentresearchhassuggestedthatthepositionofX2infallmayaffect


Deltasmeltpopulations(Chapter3,ScientificKnowledgetoInformFishandWildlifeFlow


Recommendations).WorkbyUSFWS(2011)hasshownthat,since1967,fallX2hasincreasedand


variabilityhasdecreasedthroughtime(Figure2.4‐12).ThisincreaseinfallX2duringprojectwater


years(1968–2012)wascorroboratedinworkbyHuttonetal.(2015)thatshowedincreasesinX2


duringSeptember–December.However,theHuttonetal.(2015)workshowedthatduring


pre‐Projectwateryears(1922–1967),therewasatrendofdecreasingX2duringAugust–December.
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Figure 2.4‐12. Time Series of Fall X2 since 1967. Water year types represent the preceding spring.

A LOESS smooth is fitted to the data (USFWS 2011).




TheDayflowmethodologyisoftenusedtoestimateX2basedonoutflowforoperationaland


managementdecisions.Dayflow’sX2estimateisbasedona20‐year‐oldautoregressiveequation,


whichproducessignificantdiscrepanciesfrommeasuredvaluesrecordedbytheCaliforniaData


ExchangeCenter(CDEC)(Figure2.4‐13)(Mueller‐Solger2012).Variousalternativeapproaches


havebeendescribedforimprovingthemethodforcalculatingdailyX2(Monismithetal.2002;


HuberandBrown2014;MacWilliamsetal.2015;Huttonetal.2015;Rathetal.2016).








Figure 2.4‐13. Dayflow, Flow‐Based Estimation of X2, and CDEC Water‐Quality Based X2 Values

(Bourez 2012)
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2.5 Suisun Region

Functionally,SuisunMarshissimilartothelargerDeltainhavingadelta(GreenValley


Creek/SuisunCreek/CordeliaSlough)embeddedwithinatidalmarsh.Itdiffersbecauseitlies


betweentheDeltaandtheSanFranciscoBayEstuary.WhileSacramento‐SanJoaquinRiverflows


haveasignificanteffectonflowandsalinitygradientsintheSuisunregion,localizedfactorscan


havelargeeffectsonflowsandsalinitygradientswithinthemarsh.Thevegetationofbrackishtidal


marshwetlandsandnon‐tidalmanagedwetlandsarebiologicalexpressionsofthosegradients,and


thewetlandsandsloughsareparticularlyimportanthabitat.


SuisunCreekandGreenValleyCreekareregulatedbydamsandhaveanestimatedcombined


averageannualrunoffof16,420AF(Jones&StokesAssociatesandEDAW1975).Summerbaseflow


inbothcreeksiscurrently<1cfs(ResourceManagementAssociates2009).Inadditiontothe


dischargeofthetwocreeks,theFairfield‐SuisunSewerDistrictTreatmentPlantdischarges


approximately20cfsoftreatedwastewaterintoBoyntonSloughduringthedryseasonand


significantlymoreduringthewetseason(SanFranciscoBayWaterBoard2009,2014).Boynton


SloughdrainsintotheupperreachofSuisunSlough.NaturalflowsforothercreeksintheSuisun


regionhavenotbeenreportedandthosecreeksflowthroughdevelopedareasthathavesignificant


treatedwastewaterorirrigationbaseflowsduringthesummer.


TidesintheSanFranciscoBayEstuaryandintheSuisunregionaremixedsemi‐diurnal(two


dissimilarhightidesandtwodissimilarlowtideseachday)(Malamud‐Roam2000;Resource


ManagementAssociates2009),andpresentdaytidalflowsinthemainchannelrangefrom


approximately300,000cfsattheeasternendtoapproximately600,000cfsatthewesternend


(Siegeletal.2010;Enright2014).Thecyclingofthetidesaffectsthetidalmarshecosystemby


floodingsomeareasonlyduringthehighestofthetwodailyhightidesandsomeareasonlyduring


theperiodofthehighesttideseachmonth,affectingthetemperatureandsalinityofwaterin


adjacenttidalchannelsandonsoilsalinityinthetidalmarsh.Thosefactorsinturncontrolthe


distributionofplantsandanimalsonthemarshplainsandchannels.


The2006Bay‐DeltaPlancontainssalinityobjectivesfortheSuisunregion.TheSuisunMarsh


SalinityControlGatesareoperatedtoassistinmeetingthoseobjectivesandhavebeenshowntobe


veryeffectiveatconveyingrelativelyfreshwaterfromCollinsvilledownstreaminMontezuma


SloughandthroughHunterCutintoSuisunSlough(Enright2008).Thenetflowduringthefallcan


beapproximately2,800cfsthroughthegatesattimeswhentheDeltaOutflowIndexrangesfrom


2,000to8,000cfs(Enright2008).Operationofthegateshasasignificantfresheningeffectonhigh


andlowtidesalinityattheSuisunSloughsalinitycompliancepoint(S‐42)andathightideatthe


ChadbourneSloughcompliancesite(S‐21)(Enright2008).Operationofthegateshasasignificant


effectontidaldynamicswitheffectsthatrangefromdampingtoincreasingtherangeoftides.


Additionally,theoperationofthegatesduringthefallperiodcausesincreasesinsalinityintheDelta


resultingina3kmupstreamshiftinX2(Enright2008).
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2.6 Drought

TheBay‐Deltahydrologyhashistoricallybeendefinedbyextremeeventsrangingfromlargewinter


andspringfloodstomulti‐yeardroughts.Fromwateryear2012through2016runoffintotheDelta


hasbeenbelownormal,with3verydryyearsinarow(2013–2015).Modelingdataforthecurrent


droughtperiodisincludedintheanalysisthroughoutthischapter.


Therecentdroughtperiodwassevere;however,itissimilartopreviousdroughtsthroughoutthe


94‐yearanalysisinbothseverityandduration.TheaverageSacramentoValleyannualrunoff


estimatedbyDWRfrom2012–2015was10.2MAF,whichisslightlyhigherthanthelonger1987–


1992and1929–1934droughts(Table2.6‐1).The1976–1977droughtwasshortandsevereeven


whencomparedwith2014–2015,whichwerethedriest2yearsoftherecentdrought.


Table 2.6‐1. Sacramento Valley Unimpaired Runoff

Period(WaterYears) AverageAnnualRunoff(MAF)


2012–2015 10.2


2014–2015 8.4


1987–1992 10.0


1976–1977 6.7


1929–1934 9.8


Source:DWR2016b.





2.7 Climate Change

Manystudiesindicatethatthenext94yearswilllikelybeverydifferentthanthe94yearsanalyzed


above(Nullet.al.2010;Milly,etal.2008;Barnettetal.2008;NullandViers2013)butexactlyhow


thehydrologyoftheSacramentowatershedwillbeaffectedbyclimatechangeisuncertain.


Californiawilllikelyexperiencemoreextremewinterfloodsandlonger,moreseveredroughtsin


yearstocome.Airandwatertemperatureswilllikelybehigherandevapotranspirationwillbe


greater.Theamountofprecipitationthatfallsassnowinthemountainswilldecrease,andsealevel


risewilllikelyaffectsalinityintrusionintheDelta.Thepotentialeffectsofclimatechangeare


discussedinmoredetailinChapter4,OtherAquaticEcosystemStressors,inSection4.6,Climate


Change.


2.8 Conclusions

CurrenthydrologicconditionsintheSacramentowatershedareverydifferentthansimulated


unimpairedhydrologicconditions.TheSacramentoRiverhasbeentermed“thehardestworking


riverinthestate”becauseofthemanybeneficialusesitprovides(LATimes1989).Itprovides


drinkingwaterformillionsofpeoplethroughoutthestate,anditistheprimarysupplyfor


agriculturethroughouttheCentralValley.Ingeneral,thisdevelopmenthasreducedwinterand


springflowsandincreasedsummerflowswhilereducingthehydrologicvariabilityforregulated


tributaries.Inunregulatedtributarieshydrologicdevelopmenthasreducedflowsduringthe


irrigationseason,resultinginlow,warmflows,particularlyinthesummer.
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Regulatedtributariesshowthelargestdifferencebetweencurrentconditionsandunimpaired


conditionsinJanuary–June.Thesedifferencesarelargestfornon‐Projecttributariessuchasthe


MokelumneRiver,PutahCreek,andCacheCreek,whereflowsarelessthan23percent,13percent,


and53percentofunimpairedflowinhalfoftheyears,respectively.ProjecttributariessuchasClear


CreekandtheFeatherandAmericanRivershavehigherflowsthannon‐Projecttributariesmostof


theyears;however,duringdryyearstheystillshowalargedecreaseinflows.Forexample,Clear


Creek,andtheFeatherandAmericanRiversarebelow20percent,31percent,and40percentof


unimpairedflowin10percentoftheyears,respectively.


CurrentwatermanagementhasincreasedthestabilityoftheDelta’sannualinflowsandsalinity.


AnnualincursionsofsalinewaterintotheDeltastilloccureachsummer,buthavebeensubstantially


mutedcomparedtotheirhistoricallevelsbythereleaseofsummerwaterfromthereservoirs


(HerboldandMoyle1989).SimulatedDeltaoutflowundercurrentconditionsislessthan44percent


ofunimpairedDeltaoutflowduringJanuary–Juneinhalfoftheyears,withthegreatestimpairment


generallyoccurringduringApril–June.Incontrasttothereducedsalineintrusionduringthe


summer,thesereductionsinoutflowduringJanuary–JuneareassociatedwithanincreaseinX2and


salinityintrusion.
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Chapter 3

Scientific Knowledge to Inform Fish and
Wildlife Flow Recommendations

3.1 Introduction

Thischapterprovidesareviewandsummaryofthebestavailablescienceonflowneedsforthe


protectionofaquaticfishandwildlifebeneficialuses.Specifically,thischapterdescribesthe


ecosystemfunctionsprovidedbyflowsanddescribesthedistributionandabundanceofseveral


nativeBay‐DeltaaquaticspeciesandtheirrelationshipstoflowbuildingontheStateWaterBoard’s


2010DeltaFlowCriteriaReport.AsdiscussedinChapter1,theDeltaFlowCriteriaReportpresented


atechnicalassessmentofnon‐regulatoryflowcriteriaandoperationalrequirementsintendedto


protectaquaticresources,butdidnotconsiderothercompetingusesofwaterortributary‐specific


needsforcoldwaterandotherpurposesthatwillbeconsideredinthePhaseIIprocess.


Thischapterfocusesonflowstosupportnativespeciesandaquatichabitatandwillinformthe


analysesinChapter5onrecommendedchangestotheBay‐DeltaPlantoprotectfishandwildlife,


includingchangestoSacramentoandDeltaeastsidetributaryinflows,Deltaoutflow,interiorDelta


flow,andcoldwaterhabitatrequirements.Otherimportantusessuchasmunicipal,agricultural,and


hydropowerwillalsofactorintotheStateWaterBoarddecision‐makingregardingupdatestothe


Bay‐DeltaPlan.


Manystressorsotherthanflowscanalsoaffectecosystemprocesses.Eachofthesestressorshasthe


potentialtointeractwithflowtoaffectavailableaquatichabitat.Asdiscussedinmoredetailin


Chapters4and5,fishandwildlifeprotectioncannotbeachievedsolelythroughflows—habitat


restorationandstressorreductionarealsoneeded.Thedynamicnatureofflowinteractswiththe


physicalenvironmenttoproduceaquatichabitatssuitablefornativefishandwildlife.Thefunction


andabilityofecosystemstosupportthesespeciescanbereducedbystressors.Onecannot


substituteoneforanother;flowimprovements,stressorreduction,andhabitatrestorationareall


essentialforprotectingfishandwildliferesources.Suitableflowsareacriticalelementofprotection


andrestorationandarethesubjectofthischapter.


Thischapterreliesonscientificandempiricalevidencefrompublishedandpeerreviewedarticles,


exhibits,andtestimonyintherecordofthe2010DeltaFlowCriteriaReportproceeding,andoriginal


analysespreparedbyStateWaterBoardstaff.Whereinformationisavailable,thisReportidentifies


flowsthatareassociatedwithpopulationgrowthofspecificnativeindicatoraquaticspecies


populationsmorethanhalfofthetimeormaintainpopulationsnearabundancegoalspreviously


identifiedintheDeltaFlowCriteriaReport.


ThefollowingspecificscientificinformationisrelieduponinthisReport:


 Ecologicalfunction‐basedanalysesfordesirablespeciesandecosystemattributes.

 Statisticalrelationshipsbetweenflowandspeciesabundance.


 Unimpairedflowsandhistoricalimpairedflowsthatsupportedmoredesirableecological


conditions.
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3.2 Flow and the Ecosystem

Thissectiondescribestheimportanceoftheflowregimeinprotectingtheaquaticecosystemthat


supportsfishandwildlifebeneficialuses.Ingeneral,naturallyvariableflowconditionsprovidethe


conditionsneededtosupportthebiologicalandecosystemprocesseswhichareimperativetothe


protectionoffishandwildlifebeneficialuses.Conversely,alteredflowregimeshavebeenshownto


beamajorsourceofdegradationtoaquaticecosystemsworldwide(Petts2009).


Flowiscommonlyregardedasakeydriveror“mastervariable”governingtheenvironmental


processesinriverineandestuarinesystemssuchastheBay‐Deltaanditswatershed(Poffetal.


1997;BunnandArthington2002;Kimmerer2002a;Petts2009;Montagnaetal.2013;Yarnelletal.


2015).Flowisnotsimplythevolumeofwater,butalsothedirection,timing,duration,rateof


change,andfrequencyofspecificflowconditions.BunnandArthington(2002)presentfourkey


principlesunderlyingthelinksbetweenhydrologyandaquaticbiodiversityandtheimpactsof


alteredflowregimes:(1)flowisamajordeterminantofphysicalhabitat;(2)aquaticspecieshave


evolvedlifehistorystrategiesbasedonnaturalflowregimes;(3)upstream‐downstreamandlateral


connectivityareessentialtoorganismviability;and(4)invasionandsuccessofnonnativespeciesis


facilitatedbyflowalterations.


Theeffectsofflowmodificationsonbiologicalresourceshavebeenreviewedbyseveralauthors


whohavefoundthatfishabundanceanddiversitydeclinedinresponsetoreductionsinflowacross


awiderangeofbiologicalcommunitiesallovertheworld(Lloydetal.2004;PoffandZimmerman


2010;Rozengurtetal.1987).Althoughthereisnouniversalquantitativerelationshipbetweenflow


alterationandecologicalresponse,theriskofecologicalchangeincreaseswithgreatermagnitudes


offlowalteration(PoffandZimmerman2010).Richteretal.(2011)concludedthat“alterations


greaterthan20percentwilllikelyresultinmoderatetomajorchangesinnaturalstructureand


ecosystemfunctions,withgreaterriskassociatedwithgreaterlevelsofalterationindailyflow.”


Studiesofriver‐delta‐estuaryecosystemsinEuropeandAsiaconcludedthatwaterqualityandfish


resourcesdeterioratebeyondtheirabilitytorecoverwhenspringandannualwaterwithdrawals


exceed30and40–50percentofunimpairedflow,respectively(Rozengurtetal.1987).Upstream


diversionsandwaterexportsintheDeltahavereducedmedianJanuarytoJuneandaverageannual


outflowby56and48percent,respectively(Chapter2;Fleenoretal.2010).


3.2.1 Riverine Flows

Alteredflowregimesnegativelyaffectnativefishcommunitiesandtheiraquaticecosystem(Pringleet


al.2000;Freemanetal.2001;BunnandArthington2002;MoyleandMount2007).Anassessmentof


streamsacrosstheconterminousU.S.showsastrongcorrelationbetweensimplifiedordiminished


streamflowsandimpairedbiologicalcommunitiesincludingfish(Carlisleetal.2011).Inaddition,


whenstreamsaredammedandflowregimesaresimplifiedbydamreleases,streamfishcommunities


tendtobecomesimplifiedandmorepredictable,usuallydominatedbyspeciesthatthriveinsimplified


andlessvariablehabitats(BrownandBauer2009;Kiernanetal.2012).Thishasbeenfoundtobethe


caseintheBay‐Deltawatershed,wherenativefishandotheraquaticorganismshavebeenincreasingly


replacedbynonnativespecies(FeyrerandHealey2003;BrownandMay2006;BrownandMichniuk


2007;BrownandBauer2009;Mahardjaetal.2017).Withinthewatershed,theregionsofgreatest


flowalterationarethemostdominatedbynonnativespecies(BrownandMay2006;Brownand


Michniuk2007),wherethealteredhydrologylikelycreatesconditionsmorefavorableforspawning


andrearingofnonnativesthannatives(BrownandBauer2009).Implementationofamorenatural
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flowregimewithhighspringflowshasbeenshowntofavornativeovernonnativespeciesinPutah


Creek,althoughnonnativesstilldominateinthelowermostreach(Kiernanetal.2012).


Nativecommunitiesoffishandotheraquaticspeciesareadaptedtospatialandtemporalvariations


inriverflowsunderwhichthosespeciesevolved,includingextremeeventssuchasfloodsand


droughts(Sparks1995;LytleandPoff2004).Ontheotherhand,permanentormoreconstantflows,


createdbydammingordivertingriverflows,favorintroducedspecies(Moyle2002;Moyleand


Mount2007;Poffetal.2007;BrownandBauer2009;Kiernanetal.2012).Long‐termsuccess(i.e.,


integration)ofaninvadingspeciesismuchmorelikelyinanaquaticsystem,liketheBay‐Delta


watershed,thathasbeenpermanentlyalteredbyhumanactivity.Systemsalteredbyhumanactivity


tendtoresembleoneanotheracrossbroadgeographicalareasandfavorintroducedspeciesthatare


valuedbyhumansasgameorfoodfish(GidoandBrown1999;MoyleandMount2007).


Morenaturalflowregimessupportthevariouslifehistorycharacteristicsofnativeaquatic


organismsthatareadaptedtothenaturalflowregime(BunnandArthington2002;Kingetal.2003;


LytleandPoff2004).Forexample,mostfishspeciesnativetoCaliforniaingeneral,andtheBay‐


Deltainparticular,haveevolvedtospawnduringthespringorotherwiseusespringflowstoaccess


spawningandrearinghabitat(Moyle2002).Amorenaturalflowregime,includingvariationin


tributaryinflows,providesadditionalprotectionofgeneticallydistinctsub‐populationsofaquatic


organismsthatevolvedfromindividualriversandtheirtributaries.Sub‐populationsareimportant


inmaintaininggeneticdiversityandtheresilienceofaquaticcommunities.Sub‐populationsexhibit


importantgeneticdiversitythatwhenpreservedallowsuseofawiderarrayofenvironmentsthan


withoutit(McElhanyetal.2000;Moyle2002;NMFS2014a).Maintainingthediversityofsub‐


populationsofsalmonidsonthemajorBay‐Deltatributarieshasbeenidentifiedasanimportant


factorforachievingpopulationviability(Moyle2002;CarlsonandSatterthwaite2011;NMFS


2014a).


Thegeneticandlife‐cyclediversityprovidedbymaintainingsub‐populationsandvariedlifehistory


timingofCentralValleysalmonidsthroughachievingamorenaturalflowregimewithimproved


temporalandspatialvariabilitywouldhelpprotectpopulationsagainstbothshort‐termandlong‐


termenvironmentaldisturbances.Fishwithdifferingcharacteristicsamongsub‐populations(i.e.,


greaterdiversity)havedifferentlikelihoodsofpersisting,dependingonlocalenvironmental


conditions.Thus,themorediverseaspeciesis,thegreatertheprobabilitythatsomeindividualswill


surviveandreproducewhenpresentedwithenvironmentalvariation(McElhanyetal.2000;


TBI/NRDC2010a;CarlsonandSatterthwaite2011;Lindleyetal.2007).Geneticdiversityalso


providestherawmaterialforsurvivinglong‐termenvironmentalchanges.Salmonidsregularlyface


cyclicordirectionalchangeintheirfreshwater,estuarine,andoceanenvironmentsduetonatural


andhumancauses.Sustaininggeneticandlife‐cyclediversityallowsthemtopersistthroughthese


changes(McElhanyetal.2000;Mooreetal.2010;CarlsonandSatterthwaite2011).


Whilehydrologicalconditionsintheregionhavebeenchangingasaresultofglobalclimatechange,


thesechangesarenotoutsideoftherangeunderwhichnativespeciesadapted.Priorto1900,


Californiaexperiencedmuchlongerandmoreseveredroughtsandfloodsthananythingseensince


1900(summarizedinIngramandMalamud‐Roam2013),andnativespecieswereabletopersist


underthoseconditionsduetotheiradaptations.Continuingtosupportthoseadaptationsofgenetic


andlife‐historydiversitythroughprovidingmorenaturallyvariableflowsisanimportant


managementstrategyinaddressingclimatechangeeffects.Thisisparticularlyimportantfor


salmonidspecies,butalsoappliestotheaquaticecosystemasawhole,includingthefoodweband


othernativewarmandcoldwaterfishcommunities.




State Water Resources Control Board

Scientific Knowledge to Inform Fish and

Wildlife Flow Recommendations


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
3‐4

Final


Oceanconditionsconstantlychange,andwillcontinuetocyclebetweenmoreandlessfavorable


conditions.Asseenrecentlyinthemid‐2000s,pooroceanconditionscausedacollapseinnearshore


oceanicfoodsuppliesthateventuallyresultedinthecollapseoftheoceansalmonfishery.Theextent


ofthecollapsewasexacerbatedbyweaksalmonrunsthathavelostmuchoftheirgeneticandlife


historyvariabilitythatnormallyaffordsthemgreaterresiliencetopooroceanconditions(Lindleyet


al.2009).


Amorenaturalflowregimeisanticipatedtomaintain,andperhapsevenenhancetheremaining


geneticandlife‐historydiversityofnaturalstocks(Zeugetal.2014;Sturrocketal.2015).Preserving


thegeneticandlife‐historydiversityinwildstockshelpsprotectsalmonpopulationsfrom


significantlossofgeneticdiversityassociatedwithhatcheryproduction.Historically,hatchery


productionoffall‐runChinooksalmonhasresultedinartificialselectionoftraitsthathaslikelyled


toreducedgeneticdiversityandfitnessofwildpopulationsduetointerbreedingofhatcherysalmon


withwildfish(CaliforniaHatcheryScientificReviewGroup2012).Theincreasingdominanceof


hatcheryfishwithintheCentralValleycoupledwithsubstantialstrayingrateshaslikelymagnified


thegeneticandecologicalrisksofhatcheryproductionongeneticdiversityandviabilityofwild


populations(Nehlsenetal.1991;Lindleyetal.2007;CaliforniaHatcheryScientificReviewGroup


2012).AsdiscussedinChapter4,complementaryactionsthatimprovehatcherymanagementand


restorehabitatcouldalsohelpreducetheserisks.


Therimdamsandalteredflowregimeshavecausedalossofgeomorphicprocessesrelatedtothe


movementofwaterandsedimentthatareimportanttotheecosystem(Poffetal.1997).Important


benefitsthattheseprocessesprovideincludeincreasedcomplexityanddiversityofthechannel,


riparianandfloodplainhabitats,andmobilizationofthestreambedandupstreamsediment(Grant


1997).Floods,andtheirassociatedsedimenttransport,areimportantdriversoftheriver‐riparian


system.Smallmagnitude,frequentfloodsmaintainchannelsize,shape,andbedtexture,while


larger,infrequentfloodsprovidebeneficialdisturbancetoboththechannelanditsadjacent


floodplainandripariancorridor.


Amorenaturalflowregimegeneratesprocessesthatcreatealesshomogenouschannelwith


structuresthatareimportantforfishhabitat,suchasmeanders,pools,riffles,overhangingbanks,


andgravelsubstratesofappropriatesizes(ThompsonandLarsen2002;MountandMoyle2007).


Scourandbedmobilization,associatedwithgeomorphicprocessesthataredrivenbymorevariable


flows,rejuvenateriparianforestsandcleangravelforsalmon,benthicmacroinvertebrates,and


benthicdiatoms(Poffetal.1997).Nativefishandotheraquaticspecieshaveadaptedtheirlifecycle


totheseprocessesandexploitthediversityofphysicalhabitatstheseprocessescreate(Poffetal.


1997;ThompsonandLarsen2002;LytleandPoff2004).


Increasingturbidityeventsfrommorevariableflowsandtheassociatedgeomorphicprocessesalso


decreasespredationandprovidesenvironmentalcuesneededtostimulatemigration(Gregoryand


Levings1998;Baxteretal.2008;NMFS2009a).Juvenilesalmonidsemigrateduringperiodsof


increasedturbiditythatoriginallyarosefromthewinterstormandspringsnowmeltphasesofthe


flowregime.Turbidityreducespredationonyoungsalmonbyprovidingaformofprotectivecover,


enablingthemtoevadedetectionorcapture(Gregory1993;GregoryandLevings1998).Reservoir


constructionhasreducedturbiditybycapturingthemajorityofflowandassociatedsediment


(Schoellhameretal.2016).


Alteredflowregimestendtodecreasehabitatconnectivityinriverineanddeltaicsystemswhich


resultsinalossoflongitudinalandlateralconnectivity(BunnandArthington2002).Amorenatural


flowregimeintheBay‐Deltawatershedcanincreaselongitudinalconnectivity,createmore
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beneficialmigrationtransport,lesshostilerearingconditions(protectionfrompredators),greater


netdownstreamflow,andconnectivitywiththeestuaryandnearshoreoceanduringperiodsthat


arebeneficialforaquaticorganismswhohaveadaptedtothissystem(Kondolfetal.2006;Poffetal.


2007;TBI2016).Amorenaturalflowregimecanalsoincreasethefrequencyanddurationoflateral


connectivitytoriparianandfloodplainhabitats,allowingforenergyflowbetweenwetlandareas


andtheriver,andprovidingtheriverandestuarywithnutrientsandfood.Floodplaininundation


providesfloodpeakattenuationandpromotesexchangeofnutrients,organicmatter,organisms,


sediment,andenergybetweentheterrestrialandaquaticsystems(Sommeretal.2001;TBI1998;


Whippleetal.2012).Italsoimprovesjuvenilefishsurvivalbyimprovingfoodavailabilityin


additiontoprovidingrefugesfrompredatorsduringthecriticalspawning,rearing,andmigration


periodofseveralnativeCentralValleyfishspecies,especiallySacramentosplittailandsalmonids


(Sommeretal.2001;Jeffresetal.2008;TBI/NRDC2010a).


Floodplaininundation,particularlywhenassociatedwiththeascendinganddescendinglimbsofthe


hydrograph,oftenprovidesmostoftheorganicmatterthatdrivesaquaticfoodwebsdownstream


(Sommeretal.2001).Jeffresetal.(2008)foundfloodplainhabitatpromotesrapidgrowthof


juvenilesalmon.Properlymanagedfloodplainscanhavewidespreadbenefitsatmultiplelevels


rangingfromindividualorganismstoecosystems(Junketal.1989;Moyleetal.2007).Onthe


SacramentoRiver,floodplaininundationisafunctionofprecipitation,weirandgatedesign,flood


controloperations,andflowrequirements.


Damsandreservoirs,andtheirassociatedoperations,alterthetemperatureregimeofrivers,often


tothedetrimentofcoldwaterspeciessuchassalmonidsandotheraquaticplantsandanimalsthat


haveadaptedtocolderwatersandthevariabilityassociatedwithamorenaturalflowregime


(RichterandThomas2007;NMFS2014a).Waterstoredinreservoirsiswarmeratthesurfaceand


coolerbelow,oftenwithasharpthermoclineindeeperwaters.InCalifornia,thereisastrong


seasonalaspecttothermaldynamics;typicallysurfacewatersofreservoirswarmduringsummer


duetohighsolarradiationandlowinflow,whichresultsinstrongstratificationinthelarge


reservoirsatthelowendofmostCentralValleytributaries.Lowreservoirvolume,highreservoir


inflowsorhighwindscanallalterthethermalstructureofreservoirs.Thetemperatureofwater


withintheselayersisgenerallydifferentthanthetemperatureofwaterenteringthereservoiratany


giventimedependingontheseason,andisalsodissimilartodownstreamwatertemperaturesthat


wouldoccurunderanaturalflowregime(USACE1987;Bartholowetal.2001).


Temperaturecontroldevices(TCD)cancontrolthetemperatureofwaterreleasedfromdamsfor


theprotectionofdownstreamfisheriesbyvaryingoperationsofreleasegates.Shastawasfittedwith


shutterstoallowwatertobedrawnfromdifferentlevelsinordertoconservecoldwaterforthe


spawningofwinter‐runsalmon.Similaroutletshutters,tobenefitresidenttroutandfall‐run


salmon,arefoundonFolsomandOrovilledams.AhorizontalthermalcurtainisusedinLewiston


andWhiskeytownreservoirstoisolatecoldinflowingwatersontheTrinityRivertomaintaincold


wateroutflows(DeasandLowney2000).TheotherrimdamsoftheCentralValleylacktemperature


controldevices,sotemperaturemanagementcanonlybeachieveddirectlythroughflow


management(NMFS2009a).SeeSections3.4.4and3.5.4formorediscussiononmanagingcold


waterhabitatbelowreservoirs.


Often,waterreleasedfromreservoirsiscolderinthesummerandwarmerinthewintercompared


towatertemperaturesthatwouldhaveoccurredintheabsenceofdamsandreservoirs(Williams


2006).Watertemperaturesaredominatedbyreservoirreleasetemperaturesimmediatelybelow


dams,butaredominatedbymeteorologicalconditionsfurtherdownstream,suchthatambient
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watertemperaturesareapproachedexponentiallywithdistancedownstream(DeasandLowney


2000;Kimmerer2004).


Inadditiontochangesintemperatureduetoreservoirstorageandreleases,reservoirsand


diversionsalsomodifythetemperatureregimeofdownstreamriverreachesbyalteringthevolume


andthermalmassofwater.Asmallerquantityofwaterhaslessthermalmassand,therefore,a


decreasedabilitytoabsorbtemperaturesfromthesurroundingenvironment(airandsolar


radiation)withoutbeingimpacted(USACE1987).Thegreatestimpactoccurswithlessflow(less


thermalmass)andwarmerclimate(increasedsolarradiation),usuallyinthelatespring,summer,


andearlyfallperiods(DeasandLowney2000).Thecoldersummertemperaturesmaymitigateto


someextentforlossofcoolerhabitatforsalmonidsupstreamofdamsandotherhabitatalterations


thatimpactsummersurvivalofaquaticorganisms.Atthesametime,warmertemperatures(62°to


68°F)duringsalmonidrearingperiodsmayalsopromoteoptimalgrowthprovidedfoodavailability


isnotalimitingfactor(MyrickandCech2004).However,temperaturesthatexceedtheselevelscan


raisemetabolicratesabovetheabilityoffishtoforageandtherebydecreasesalmonidgrowthand


survivalrates,andreducetheamountofsuitablehabitatforrearing(McCullough1999;Myrickand


Cech,Jr.2001).


3.2.2 Freshwater Flow and Estuarine Resources

Thedecliningecologicalandeconomicvalueofestuariesisanational(Correighetal.2015)and


world‐wide(Barbieretal.2011;Vasconcelosetal.2015;Lotzeetal.2006)concern.Freshwaterflow


istheprimarysourceofphysicalandchemicalvariabilityinestuaries,andthusplaysanimportant


roleinstructuringestuarinehabitat,speciesdistributions,andbioticinteractions(Drinkwaterand


Frank1994;Jassbyetal.1995;Kimmerer2002a;Kimmerer2004;Montagnaetal.2013).In


particular,variationinfreshwaterflowaffectsthespatialandtemporaloverlapofdynamic


componentsofestuarinehabitatsuchassalinitygradientsandcirculationpatternswithmore


stationarycomponentssuchasbathymetryandmarshes(Peterson2003;Moyleetal.2010).


IntheirkeypointstotheStateWaterBoard,theDeltaEnvironmentalFlowsGroup(DEFG)expert


panelnotedthat“[e]cologicaltheoryandobservationsoverwhelminglysupporttheargumentthat


enhancingvariabilityandcomplexityacrosstheestuarinelandscapewillsupportnative


species.”(DEFG2010)“Highwinter‐springinflowstotheDeltacuenativefishspawningmigrations


(HarrellandSommer2003;Grimaldoetal.2009a),improvethereproductivesuccessofresident


nativefishes(Mengetal.1994;Sommeretal.1997;Maternetal.2002;Feyrer2004),increasethe


survivalofjuvenileanadromousfishesmigratingseaward(Sommeretal.2001;Newman2003),and


dispersenativefishesspawnedinprioryears(FeyrerandHealey2003;Nobrigaetal.2006).”


Similarly,winterandspringoutflowsbenefitspeciesfurtherdownintheestuary,includingstarry


flounder,bayshrimp,andlongfinsmeltthroughvariousmechanismsincludinglarval‐juvenile


dispersal,floodplaininundation,reducedentrainment,andincreasedup‐estuarytransportflows.


“Theestuary’sfishassemblagesvaryalongthesalinitygradient(Maternetal.2002;Kimmerer


2004),andalongthegradientbetweenpredominantlytidalandpurelyriverflow.Intidal


freshwaterregions,fishassemblagesalsovaryalongagradientinwaterclarityandsubmerged


vegetation(Nobrigaetal.2005;Brown&Michniuk2007),andsmallerscalegradientsofflow,


turbidity,temperatureandotherhabitatfeatures(Maternetal.2002;Feyrer&Healey2003).


Generally,nativefisheshavetheirhighestrelativeabundanceinSuisunMarshandtheSacramento


RiversideoftheDelta,whicharemorespatiallyandtemporallyvariableinsalinity,turbidity,


temperature,andnutrientconcentrationandformthanotherregions.” Overthepastseveral


decades,persistentlowfalloutflows(Feyreretal.2007)andotherrelatedstressorssuchas
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submergedvegetation,inbothSuisunMarshandtheDeltahavereducedhabitatavailabilityandled


tothedeclineofnativefishes(Maternetal.2002;BrownandMichniuk2007).Agreatersensitivity


tothesestressorsexistsinthesummerandfallwhenmanynativefishesare“neartheirthermal


limits”(StateWaterBoard2010,p.32).

Naturalflowsfromupstreamtributariescreatehabitatbypushingthesaltfielddowntheestuaryin


thespringduringsnowmelteventsastemperatureswarm.Historicalevidencesuggestsadynamic


gradientbetweenfreshwaterandsalinewatersintheestuary;however,theseaccountsgenerally


indicatethatfreshwaterpredominatedintheDeltaduringtheearly1800swithatransitionfrom


salinetofreshwaterinupstreamportionsofSuisunBay(Whippleetal.2012).Whilethereishigh


interannualvariabilityinunimpairedflowsbecauseofthehighlyvariableclimateofCalifornia,both


DeltaoutflowandthepositionoftheLSZ(X2)(measuredinkilometers[km]fromtheGoldenGate)


havebeenalteredasaresultofnumerousfactors.Theremovalofwetlandsandrestrictionofthe


riverstoleveedchannelsremovedtheabsorptivenatureoftheoriginallandscapeandfacilitated


morerapidrunoffinthespringandseasonalintrusionofsalinitywhentheriverflowsdeclined.The


constructionofreservoirsanddiversionsalsoallowedflowstoberemovedfromthesystemor


changedintimetocreateamorehomogenousflowregime(Whippleetal.2012;Kelley1998).


HydrodynamicsimulationsconductedbyFleenoretal.(2010)indicatethatthepositionoftheLSZ


hasskewedeastwardintherecentpast,ascomparedtounimpairedconditionsandearlierimpaired


periods,andthatthevariabilityofsalinityinthewesternDeltaandSuisunBayhasbeensignificantly


reduced(Chapter2).AnalysesshowacleartrendinthemovementoftheLSZinfallmonthsaswell


intothedeeperchannelsofthewesternDeltaandarestrictioninitsareasince1980(MacWilliams


etal.2016)withafurtherreductionsince2000(CloernandJassby2012).Asaresultofclimate


changeandassociatedchangesinprecipitationandsealevelrise,outflowandthepositionoftheLSZ


maycontinuetoshiftdramaticallyincomingyears(KnowlesandCayan2002,2004).


IntheBay‐Deltaestuary,theLSZisanimportantnurseryhabitatforseveralestuarine‐dependent


fishspecies(Kimmerer2002a;Moyle2002),andismaximizedinareaandvolumeinSuisunorSan


PabloBays(Kimmereretal.2013)(Figure3.2‐1).Theintersectionoffreshwaterandsaltwater


historicallycreatedadiversityofhabitatduetobroadrangesofchannelsandwetlandhabitatthat


floodduringspringandfallfloweventsintotheestuary(TBI1998;Whippleetal.2012).


Statisticallysignificantinverserelationshipshavebeendemonstratedbetweenthelandwardextent


ofX2andtheabundanceofadiversearrayofestuarinespeciesrangingfromphytoplankton‐derived


particulateorganiccarbonatthebaseofthefoodwebthroughprimaryconsumers,benthicfish,


pelagicfish,andpiscivores(Jassbyetal.1995;Kimmerer2002b;MacNallyetal.2010).Thediverse


taxonomy,biology,anddistributionoftheseestuarineorganismsshowingthesestrongrelationships


indicatesabroadpositiveresponseoftheestuarinecommunitytoincreasingoutflow(Jassbyetal.


1995).TheX2‐abundancerelationshipsofmanyestuarinespecieshavepersistedsincesystematic


samplingprogramsbeganin1967.Insomecasesthestatisticalrelationshipshaveshowndownward


stepchangesinresponsefollowingthe1987spreadoftheinvasiveclamPotamocorbula;1however,


otherrelationshipshavenotchangedthroughtheperiod(bayshrimp,Sacramentosplittail)


(Kimmerer2002b;Kimmereretal.2009).Mostoftheflow‐abundancerelationshipspersistand


continuetoexplainalargefractionofthevariationintheabundancesofthesespecies.Updated


flow‐abundanceanalysesperformedbyStateWaterBoardstaffareincludedinthespeciesprofiles


laterinthischapter.




1Potamocorbulaamurensis(e.g.,Crauderetal.2016)waspreviouslyidentifiedasCorbulaamurensis,andisoften

referredtoassuchintheliterature.Potamocorbulaisusedthroughoutinthisdocument.
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Figure 3.2‐1. Variation in the Position and Extent of Low Salinity Habitat as a Function of X2. When
X2 is near Antioch (a), low salinity habitat is confined to the deep channels of the western Delta.
As X2 moves downstream of Collinsville (b), low salinity habitat enters Suisun Bay. With X2 near
Chipps Island (c) or Port Chicago (d), low salinity and freshwater habitat occupy the broad
shallows of Suisun Bay. Very high outflows can freshen Suisun Bay and push the low salinity zone
into San Pablo Bay (not pictured). Figure modified from illustrations by Delta Modeling Associates
2014.




Asdiscussedinmoredetailbelow,thespecificmechanismsunderlyingtheflow‐abundance


relationshipsaregenerallynotresolved(Kimmerer2002b).Salinitychangesandfloware


inseparablesotheserelationshipsarereferredtoaseitherflow‐abundancerelationshipsorfish‐X2


relationships.Furtherinvestigationsarerecommendedandongoing(Kimmerer2002a;Kimmerer


2004;Reedetal.2014).However,mostoftherelationshipscontinuetoremainstrongsincefirst


describedandbetterunderstandingofthelikelymechanismsisrapidlydeveloping.


Effectsofhighriverflowsinfreshwaterareasaredifficulttoseparatefromimpactsinthemoresaline


areasoftheestuary.Forinstance,floodplaininundationhappenswhenriverflowsovertoptheweirs


intofloodbypasses.Floodplaininundationhasavarietyofbeneficialeffectsincludingproviding


spawningandrearingopportunitiesforSacramentosplittail(Sommeretal.2002;Moyleetal.2004;


Feyreretal.2006),improvedgrowthforsalmonsmolts(Sommeretal.2001,2005),including


endangeredwinter‐runChinooksalmon(DelRosarioetal.2013),increasedturbiditydownstream,


andmobilizationofsedimentandfoodtodownstreamhabitats(Schemeletal.2004).


IncreasedturbidityassociatedwithhighflowstriggermovementofDeltasmeltintotheDelta


(BennettandBurau2016)andemigrationofyoungsalmonfromtheDelta.Increasedturbidityalso


enhancesfeedingofyoungsmelt(Haselbeinetal.2013)andreducespredationonyoungsalmon


(deRobertisetal.2003).Turbidityincreasesinthelowerestuarywhenwindsmobilizesedimentsin
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theshoalsofGrizzlyandHonkerbays.Underappropriatesalinityandturbidityconditions,Delta


smeltarefoundmostfrequentlyinsamplesfromtheshoalsofthesebays,ratherthannearby


channels(Beveretal.2016).Morebroadly,turbidity(oritsinverse,waterclarity)hasbeen


identifiedasasignificantcovariateinstatisticalanalysesofabundanceanddeclinesofseveral


pelagicspecies,includingDeltasmeltandlongfinsmelt(Feyreretal.2007;Nobrigaetal.2008;


MacNallyetal.2010;Thomsonetal.2010;Latour2016).Multiplemechanismsmayberesponsible


fortheserelationships,includingeffectsonhabitatsuitability,catchabilitybytrawlgear,and


correlationswithotherenvironmentalfactors.


LongfinsmeltshowthestrongeststatisticalrelationshipwithX2.Longfinsmelt’srelationtoX2has


undergoneadownwardstepchangeinresponsesincetheoverbiteclaminvaded,butthe


relationshipbeforeandaftertheclam’sinvasionisequallystrong(Kimmerer2002b).Resultsof


recentinvestigationsshowhighabundanceoflongfinsmeltinintertidalchannelsinSuisunandSan


PabloBayswhensalinityinthoseareasislow(Grimaldoetal.2014).Thissuggeststhat,like


Sacramentosplittailspawninginthebypasswhenitiswet,longfinsmeltspawningreater


abundanceinspringsofhighflowconditionswhentheirwetlandspawninghabitatisfresh.Such


tidalchannelsaremuchmorecommoninSuisunBayandSanPabloBaythanamongtheriprapped


leveesliningtheDelta,andsolongfinsmelthavemuchgreaterspawninghabitatwhenthosebays


arefresh.


BecausetheLSZisanimportantnurseryhabitatinmanyestuaries(e.g.,DanceandRooker2015;


Mapesetal.2015),muchworkhasbeendonetoattempttoidentifyamechanismrelatingthefish‐


X2relationshipstochangesinareaoftheLSZ.ChangesintheareaoftheLSZatdifferentX2values


areinadequatetoexplainthefish‐X2relationships(Kimmereretal.2009,2013).Thepositionofthe


LSZcombineswiththebathymetryateachlocationtoprovidedifferentdepthsandareasoftheLSZ


(MacWilliamsetal.2015).IftheLSZisdefinedasthewaterbetween0.5and6practicalsalinityunit


(psu),theresultantvolumedoesnotchangeastheareachangesandsochangesinareaare


accompaniedbyconcomitantchangesindepth(Kimmereretal.2009).TheareaoftheLSZvaries


between50and100squarekilometerswithasignificantdeclinesince1980intheareaoftheLSZ


fromSeptemberthroughNovemberinbotharealextentandthepercentageoftimethezonehas


occupiedmorethan75squarekilometers(MacWilliamsetal.2016;Baxteretal.2015).Whenthe


LSZisinSuisunBay,DeltasmeltaremuchmoreregularlyfoundintheshoalsofGrizzlyandHonker


Baysthaninthedeeperchannelstothesouth(Beveretal.2016).Deltasmeltarevisualfeeders;


greaterdepthoftheLSZdecreasesthevolumeoftheirhabitatwithinthephoticzone,wherevisual


feedinggenerallyoccurs.Sincefoodlimitationinthelatesummerandautumnhasbeenidentifiedas


abottleneckinthegrowthandsurvivalofDeltasmelt(Baxteretal.2010;Baxteretal.2015;


Hammocketal.2015),thedecreaseintheextentofsuitablefeedingareainthesemonthshasbeena


crucialconcernintheprotectionofDeltasmeltsincefirstaddressedintheUSFWSBiOp(USFWS


2008).


World‐wide,manynearshoremarinefishandinvertebratesusegravitationalcirculationtohelp


movetheiryoungintotheusuallyricherfoodenvironmentofestuaries(arecentcasestudyand


reviewoftheliteratureisAbrantesetal.2015).Gravitationalflowsoccurbecausetheoutflowofless


densefreshwateratthesurfacedrawsdensersaltwaterintothebay;suchflowsaregreater


generallyasoutflowsincrease.UpstreamtransportflowsintheSanFranciscoestuaryoccurmostly


seawardofCarquinezStrait,andinvolvelarvalstagesofvariousspeciesincludingDungenesscrab,


Californiabayshrimp,Englishsole,Pacificherring,andstarryflounderandareonemechanismfor


increasedrecruitmentofsomeofthesespeciesfollowinghighDeltaoutflowinwinterandspring


(Tasto1983;Herboldetal.1992;Kimmerer2004).
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3.2.3 San Francisco Bay and Nearshore Coastal Ocean

DeltaoutflowalsoaffectsbiologicalresourcesinSanFranciscoBayandthenearshorecoastalocean.


YoungsalmonmigrateoncurrentsdrivenbyDeltaoutflowstotheocean.Thesefisharepreyfor


birdsandOrcawhalesintheGulfoftheFarallones(NMFS2009a).Theabundance,reproductive


success,andmortalityrateofOrcawhalesthatmigrateandspecializeinfeedingonsalmonoutside


theGoldenGatehavebeenimpactedbythemajorsalmondeclinesinrecentyears(FordandEllis


2006;Fordetal.2010;Wardetal.2009).Theirpopulationsarefoodlimitedbytheavailabilityof


salmonprey,highlightingtheimportanceofDeltaoutflowallthewaytothetopoftheaquaticfood


chain.Similarly,declinesinforagefishsuchaslongfinsmelt,bayshrimp,andmysidshrimpdueto


lowDeltaoutflowposefoodlimitationthreatstopelagicseabirds(Curyetal.2011)andmarine


mammals(FordandEllis2006;Wardetal.2009;Fordetal.2010).Theabundancesofstaghorn


sculpin,leopardsharks,andbayshrimpthatresideandrearinthenearshorecoastarealso


correlatedwithDeltaoutflow(TBI2016),againhighlightingthefar‐reachingeffectsoffreshwater


outflowsonthecoastalecosystem.Finally,nativeoystersarebetterabletowithstandthe


establishmentofnonnativesessileinvertebratesthatcompeteforspaceandresourceswhenhigher


freshwaterflowslowersalinityintheSouthBay(Chang2014).IncreasedDeltaoutflowsprovide


higherwaterqualityandhabitatcomplexity,leadingtopositiveeffectsonnativefishspeciesand


foodwebs.


DeltaoutflowisalsoimportantformaintainingphysicalandchemicalprocessesinSanFrancisco


Bayandthenearshorecoast.FreshwaterflowthroughtheBaytransformsintoaplumeofsurface


brackishwaterthattravelsouttheGoldenGateinwinterandspring.Thisplumetransports


nutrientsintotheGulfoftheFarallonesNationalMarineSanctuary(NMFS2009a),promoting


phytoplanktongrowthandcontributingtofoodwebproductivityforinvertebrates,fish,birds,and


marinemammals(HurstandBruland2008).Cold,nutrientrichwaterfromtheoceanenterstheBay


onreversebottomcurrentsdrivenbyfreshwateroutflowmovingouttheBayintotheocean.Delta


outflowinfluences86percentofthevariabilityinsalinityattheGoldenGate(Petersonetal.1994).


Freshwaterflowalsotransportssedimentstohelpbeachformationalongthecoastlineoutsidethe


GoldenGate(Barnardetal.2013a,2013b).Lackofsedimentscausesbeacherosionwhichremoves


nestinghabitatforbirdssuchassnowyplovers(Tobias2014).Sedimenttransportishigherinthe


Baywithgreaterfreshwaterflows.Thishelpsimprovethestabilityofwetlands.Highersediment


loadsalsoincreaseturbiditywhichlowersthepredationriskfornativefish(Gregory1993;Gregory


andLevings1998;Baxteretal.2015).Theseexamplesindicatethattheamountoffreshwaterflow


impactsmultipletrophiclevelsinSanFranciscoBayandthenearshoreenvironment,cascadingup


thefoodwebtotoppredatorslikeherons,seals,andwhales.


3.2.4 Interior Delta Flows and Entrainment

DeltahydrodynamicshavebeenmodifiedasaresultofCVPandSWPoperations.Withinthecentral


andsouthernDelta,netwatermovementistowardthepumpingfacilities,alteringthemigratory


cuesforemigratingfishintheseregions.Operationsofupstreamreservoirreleasesanddiversionof


waterfromthesouthernDeltahavebeenmanipulatedtomaintaina“static”salinityprofileinthe


westernDeltanearChippsIslandandprovideasteadysupplyoffreshwaterforexportfromthe


southDelta.


WhentheDCCgatesareopen,waterflowsintothecentralDeltatosupplyexportvolumes.These


cross‐DeltaflowsdrawSacramentoRiverwaterintotheSanJoaquinRiver,FranksTract,andOld


andMiddleRivers.Suchwatermovementsreducethenaturalflowpatternandvariabilityinthe
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Delta.Migratoryfishandotheraquaticorganisms,aswellassedimenttransportedwithfloodflows,


accompanythewaterasitisdivertedfromtheSacramentoRiver.


Anadromousspeciesuseavarietyofenvironmentalcuestoguidetheirmigrations.Intheoceanthey


mayusemagnetic,chemical,andcelestialcuestoreturntotheirnatalstreamtospawn.Within


estuariesandmeanderingDeltachannels,adultsreturningtospawnprimarilyusechemicalscents


toidentifywaterfromtheirnatalstreams.Evidenceexiststhatmigratingjuvenilesalmonidsmay


usehydraulic,celestial(e.g.,sunposition),magnetic,andchemical(e.g.,salinity)cuestodirecttheir


downstreammigrationsandnavigatethroughtidallydominatedestuariesandbays(Williams


2006).Consequently,thegreatlyalteredhydrology,migratorypathways,hydrodynamics,and


salinitygradientsoftheDeltaandestuaryareconsideredstressorsforsuccessfulspawning


migrationofadultsanddownstreammigrationofjuvenilesnativesalmon,steelhead,sturgeon,and


lampreys.


Becauseitisatidalenvironment,waterinDeltachannelsflowsbothlandwardandseawardtwice


eachday.TheflowvolumesoffreshwaterfromtheriversenteringtheDeltaaregenerallytwoor


threeordersofmagnitudelessthantidalflows.However,DWRcanexportasmuchas10,000cfsand


Reclamationcanexportasmuchas5,000cfsoutofthesouthDeltachannels.Thesefacilitiesusually


exportmuchmorewaterthanthemedianflowontheSanJoaquinRiver,thus,mostoftheexported


watermustmovefromtheSacramentoRiverandupOldandMiddleRiverstoCliftonCourtForebay


andtheJonesPumpingPlant.MovementofSacramentoRiverwaterfromthecentralDeltareduces


thedurationandvolumeofwaterflowingdownthechannelsofOldandMiddleRiversandresultsin


netnegativeflowsinthosechannels.


Theseflowmodificationscanaffectsalmonidmigrationandestuarinetransportofpelagicspecies


throughalterationofcirculationpatternswhichleadstoadversetransportflows,changesinwater


quality,changestoDeltahabitats,andentrainmentoffishandotheraquaticorganisms.The


preferredflowcirculationpatternforachievingavariable,morecomplexBay‐Deltaestuaryisone


thatproducesaneasttowestsalinitygradient(Moyleetal.2010).Theeasttowestsalinitygradient


andwatercirculationpatternhasbeenalteredduetooperationoftheDCCandtheSWPandCVP


exportfacilities.


ReverseflowsinthesouthernDeltaareassociatedwithincreasedentrainmentofsomefishspecies


(Grimaldoetal.2009a).Reverseandotherwisealteredflows,theconstraintsofartificially


connectedDeltachannels,pluswaterexportsaffectDeltahabitatlargelythrougheffectsonwater


residencetime,watertemperature,andthetransportofsediment,nutrients,organicmatter,and


salinity(Monsenetal.2007).Long‐termwaterdiversionsalsohavecontributedtoreductionsinthe


phytoplanktonandzooplanktonpopulationsintheDeltaitselfaswellasalterationsinnutrient


cyclingwithintheDeltaecosystem(NMFS2009a).


SanJoaquinRiverflows,outsideoffloodconditionsorregulatoryaction,areoftenentirelydrawnto


theSWPandCVPpumps.Duringthesetimes,almostnowaterfromtheSanJoaquinRiverreaches


theconfluencewiththeSacramentoRiver.Instead,waterfromtheSacramentoRiverandits


tributariesfillsmostoftheDelta,obscuringandconfusingthechemicalandflowcuesthatadult


salmonandothermigratoryfishdependontoreachtheoceanandnatalstreams.


Entrainmentoccurswhenfishandotheraquaticlifearedrawnintoawaterdiversionintakeandare


unabletoescape.IntheDelta,entrainmentoccursprimarilyattheCVPfacilities(TracyFishFacility


andthenearbyDMC)andtheSWPfacilities(includingCliftonCourtForebayandtheSkinnerFish


Facility),aswellasothersmallerDeltaintakes.Someoftheentrainedfishare“salvaged,”meaning
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theyarecaughtinfacilitiesatthepumpsandthentruckedandreleasedtoanareabeyondthe


pumps’influence.Thesalvagecanincreasesurvivalofsalmonsmoltsrelativetotheirpassage


throughtheDeltawhenflowsarelowandtemperaturesarehigh.Unfortunately,manyfish,


includingDeltasmelt,arenotabletosurvivethecollection,handling,transport,andrelease.Also,


highmortalityratesinfrontofthefishscreensmeanthatthenumberoffishsalvagedisasmall


portionofthefishentrained(Castilloetal.2012).Inadditiontohighratesofpredationthatoccurat


thefishscreens,much“indirect”mortalityisthoughttooccurbeforefishenterthefacilitiesatall,in


thesloughsandchannelsleadingtotheexportfacilities.SmallfishdrawnintothispartoftheDelta,


orwhichmigrateininappropriatedirectionsinresponsetochangesinchannelflows,haveavery


lowchanceofsurvival.JuvenilesalmonfromtheSacramentoRiver,includinglistedwinter‐and


spring‐runsalmon,steelhead,andgreensturgeonenterthecentralDeltathroughtheDCCor


GeorgianaSloughandhavealowerchanceofsurvivalthanfishstayingintheSacramentoRiver’s


mainstem(ERP2014).


3.3 Species‐Specific Analyses

TheremainderofthechapterexaminesthescienceregardingflowneedsofasuiteofnativeBay‐


Deltaaquaticspecieswhicharerepresentativeofexistingbeneficialusesofwatertobeprotected


undertheCleanWaterActandPorter‐CologneWaterQualityAct,includingEstuarineHabitat,Cold


FreshwaterHabitat,MigrationofAquaticOrganisms,Spawning,Reproductionand/orEarly


Development,andRare,Threatened,orEndangeredSpecies.Thespeciesselectedforevaluation


focusonnativespeciesthatcanserveasindicatorsoftheoverallhealthoftheestuaryandspecies


forwhichthereisadequateinformationonflowrelationshipsincludingspecieslistedunderthe


federalESAandCESA,speciesofcommercial,recreationalandecologicalimportance,and


recommendationsfromCDFG(2010b)aspartoftheDeltaFlowCriteriaReportProceeding.The


speciesincludeallfourrunsofChinooksalmon,CentralValleysteelhead,andmultiple


estuarine‐dependentspecies.Theestuarine‐dependentspeciesareSacramentosplittail,longfin


smelt,Deltasmelt,Californiabayshrimp,starryflounder,whiteandgreensturgeon,andseveral


zooplanktonspecies.Thelistofspeciesissimilartothatusedinthe2010DeltaFlowCriteriaReport


exceptthatitincludeswhiteandgreensturgeon.Foreachspecies,itslifehistory,population


abundance,andfunctionalflow‐abundancerelationshipsaresummarized.


3.3.1 Updated Quantitative Analysis

Inadditiontodiscussionofthelifehistory,populationabundance,andflow‐abundance


relationshipsofeachspeciespublishedintheexistingscientificliterature,thesectionsthatfollow


containupdatedquantitativeanalysesperformedbyStateWaterBoardstafftodocument


abundancetrends,flow‐abundancerelationships,andtoestimaterangesofflowpredictedtobe


protectiveofindividualspecies.Staffobtainedabundanceindexdataonpredominantlyestuarine


speciesfromtheCDFWfallmidwatertrawl(FMWT;CDFW2016a)andSanFranciscoBayStudy


(BayStudy)ottertrawl(Hieb2017)surveys.Staffreliedprimarilyonthepublishedliteraturefor


analysisoftheeffectsofflowonsalmonidpopulations,althoughtheflow‐abundancerelationshipfor


unmarkedChinooksalmon(BrandesandMcLain2001)wasupdatedusingChippsIslandtrawldata


fromtheDeltaJuvenileFishMonitoringProgram(DJFMP2016a,2016b).Inallcases,staffusedflow


datafromDayflow(DWR2017).AnalyseswereconductedusingtheRstatisticalcomputing


language(RCoreTeam2015).
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Staffestimatedabundancetrendsbyfittingalinearregressiontoeachannualabundanceindexasa


functionofyear(e.g.,log(FMWT)=a*Year+b).Indatasetsthatincludedabundanceindicesof


zero,theresponsevariablewasthelogarithmoftheabundanceindexplusone(e.g.,log(FMWT+1)


=a*Year+b),sincethelogarithmofzeroisundefined.


Fornegativeslopesthatdifferedsignificantlyfromzero(two‐tailedt‐test,p<0.05),staffconcluded


thatthepopulationwasdecliningoverthetimeperiodinquestion.


Staffestimatedflowslikelytobeprotectiveofestuarinespeciesusingthreegeneralmethods


summarizedbelow,allofwhichrequireanabundancegoalandsomepriorknowledgeoftheseason


(e.g.,January–June)duringwhichDeltaoutflowislikelytoaffectthesuccessofeachspecies.Staff


usedabundancegoalspreviouslyidentifiedintheDeltaFlowCriteriaReport(StateWaterBoard


2010).Informationonseasonsthatshouldbeusedfortheanalyseswastakenfromthescientific


literatureandtheDeltaFlowCriteriaReport(Jassbyetal.1995;Kimmerer2002b;CDFG2010b;


StateWaterBoard2010).Staffperformedanalysesasfollows:


1. Flow‐abundancerelationships:followingthegeneralmethodologyofJassbyetal.(1995)and


Kimmerer(2002b),staffestimatedtherelationshipbetweenthelogarithmofseasonalaverage


Deltaoutflowandtherespectivespeciesabundanceindicesusingthemostrecentdataavailable.


FollowingthemethodsofKimmerer(2002b),staffincrementedabundanceindicescontaining


zerovaluesforthepurposesofthisanalysisandincludedoneormorestepchangesforspecies


thatexperiencedasubstantialdeclineimmediatelyfollowingtheintroductionofPotamocorbula


orthepelagicorganismdecline.Theregressionwasthenusedtopredicttheflowassociated


withtheabundancegoal.Staffdidnotusethismethodifthepredictedflowfelloutsideofthe


rangeoftheobservedflowdata.


2. Cumulativefrequencydistributionsofflow:ifstaffcouldidentifyaperiodofyearsduringwhich


theabundancegoalwasattainedandthepopulationwasnotindecline,themedianofthe


seasonalaverageflowsoverthatperiodwasusedasanindicatoroftheflowthatwouldbe


protectiveofthespecies.


3. Logisticregressionestimatesoftheprobabilityofpopulationgrowth:forspeciesthatspawn


predominantlyatasingleage,logisticregressionwasusedtoestimatetheresponseof


generation‐over‐generationpopulationgrowthtoseasonalaverageflow(TBI/NRDC2010a).For


agivenpopulationindexN,thegrowthrateswereestimatedasN(t)/N(t‐L),whereListheage


ofreproduction.Theserateswereconvertedtoabinaryvariable(1=growth,0=decline)and


regressedonthelogarithmofaverageseasonaloutflowusingagenerallinearmodelwithalogit


linkfunction.Staffinterpretedtheflowthatpredictedafiftypercentprobabilityofpopulation


growthasathresholdflowthatwouldbenefitthespecies.


Theflowsfoundinthescientificliteratureorestimatedusingtheabovemethodsshouldnotbe


takentorepresentabsoluteflowneedsthatmustbemetatalltimesorinallyearstosupportnative


species.Rather,theyserveasindicatorsofconditionsthatfavornativespecies,andconstituteaset


ofquantifiablemetricsthatcanbeusedtoassesstherelativeprotectionaffordedbyarangeofflow


regimes.Thescientificinformationsupportingmodificationstoexistingflowrequirementsis


broaderthanthesequantitativerelationships,andincludesknowledgeoflifehistory,ecology,and


theconditionsunderwhichnativespeciesevolved.Generally,higherflowsandlowerX2valuesin


winterandspringconferthegreatestbenefitsfornativespeciesandtheecosystem,provided


adequatesuppliesaremaintainedforcoldwaterandflowsatothertimes.
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3.4 Chinook Salmon (Oncorhynchus tshawytscha) and
Central Valley Steelhead (Oncorhynchus mykiss)

3.4.1 Overview

AcombinedspeciesevaluationhasbeenpreparedforallfourrunsofChinooksalmonandCentral


Valleysteelhead.Lessinformationisavailableforsteelheadthanforsalmon.Althoughdistinct


differencesexistincertainaspectsoftheirlifehistoriesandhabitatneeds(seeSection3.4.2.2),factors


thatbenefitsalmonarealsoexpectedtobenefitsteelheadbasedontheirgeneralecological


requirements.Theevaluationprovidesinformationonlifehistoriesofthespecies,population


abundancetrendsthroughtime,populationrestorationgoals,andwhereavailable,informationonthe


functionalflowneededbyeachruntosuccessfullyemigratefromupstreamtributariesinthePhaseII


areathroughtheDeltatothePacificOcean.BecauseinflowsfromtheSanJoaquinRiverabovethe


DeltaareaddressedinPhaseIoftheupdatetothe2006Bay‐DeltaPlan,thoseinflowsarenot


discussedbelow.However,issuesbelowtheSanJoaquinRiveratVernalisarediscussedasareissues


relatedtotheeastsideDeltatributariesthatflowintothedownstreamportionsoftheSanJoaquin


RiverintheDelta.


Thefollowingevaluationshowsthatadultandjuvenilesalmonbenefitfromanincreaseinamore


naturalflowpatterninCentralValleytributaries.Increasedtributaryflowaidsadultupstream


spawningmigration,juvenilerearingintributarywatershedsandemigrationtotheDelta.Juvenile


fall‐andwinter‐runsalmonareexpectedtobenefitfromadditionalspringinflowinthelower


SacramentoRiverwhileemigratingpastChippsIsland.Flowsgreaterthan20,000cfsatRioVista


betweenFebruaryandJuneareexpectedtoimprovejuvenilesalmonsurvivalduringemigration.In


addition,juvenilesalmonemigratingfromboththeSacramentoandSanJoaquinRiverbasins


throughtheDeltahavebettersurvivaliftheyremaininmainstemriverchannelsanddonotmigrate


throughtheinteriorDelta.


3.4.2 Life History

3.4.2.1 Chinook Salmon

Chinooksalmonareanadromouswithadultsreturningtotheirnatalstreamstospawnanddie.The


differentChinooksalmonrunshavedevelopedabroadarrayofdifferentlifehistorycharacteristics.


Theseincludethetimingofadultmigration,degreeofsexualmaturationatthetimeofriverentry


andtimeofspawning.Juvenilesofeachrunalsodisplaydifferencesinthedurationoffreshwater


residencyandthetimingofemigration.Thisdiversityinlifehistorytraitsreflectsadaptationsto


boththenaturalflowregimesandphysicalattributesoftheirnatalstreams,andthebroaddiversity


inregionalandseasonalflowpatternsintheCentralValley.


Chinooksalmonareanimportantecological,cultural,subsistence,recreational,andcommercialfish


speciesinCalifornia(Figure3.4‐1).Historically,5–6millionsalmonmayhavereturnedannuallyto


Californiawaterways(Greshetal.2000).Ecologically,thelargesalmonrunswereanimportant


energyandnutrientsourceforinvertebratesandsmallfishinoligotrophicmountainstreamsand


riparianareas(NakajimaandIto2003;Bilbyetal.1996,1998,2001).Thecommercialand


recreationalcatchfrom1975–2014nowaveragesabouthalfamillionfishperyear(Azat2015).


Mostofthecatchduringthis40‐yeartimeperiodwastakeninthemarinecommercialfisheryandis


fromhatcheryproduction.
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Figure 3.4‐1. California Commercial and Recreational Chinook Salmon Ocean Catch, 1975 to 2014.
The gray line shows the 40‐year mean (from Azat 2015).




FourChinooksalmonrunsarepresentintheSacramentoRivermainstemandtributariesandDelta


eastsidetributariesandarenamedforthetimingofadultupstreammigration:fall‐run,late‐fall‐run,


winter‐run,andspring‐run(Table3.4‐1).


Table 3.4‐1. General Timing of Important Life Stages of Sacramento and San Joaquin River Basin
Chinook Salmon and California Central Valley Steelhead



Adult

Migration

period


Adult

Peak

Migration


AdultSpawning 
Period 

Adult

Peak

Spawning

Period


Juvenile

Emergence

Period


Juvenile

Stream

Residency

(Months)


SacramentoBasin


Winter‐run Dec–Jul Mar LateApr–midAug May–Jun July–Oct 5–10


Spring‐run Feb–Sept May–Jun LateAug–Nov Oct–Nov Dec–Mar 12–16


Late‐fall‐run Oct–Apr Dec–Jan EarlyJan–Apr Feb–Mar Apr–Jun 7–13


Fall‐run Jun–Dec Oct LateSep–Jan Oct Dec–Apr 1–5


SanJoaquinBasin


Fall‐run Sept–Dec Nov Nov–Jan Nov–Dec Dec–Mar 2–5


Steelhead 
(bothbasins)


July–Mar Sep–Oct Nov–Apr Dec–Apr Jan–May 12–36


Source:ModifiedfromYoshiyamaetal.(1998)andNMFS(2014a).
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Chinooksalmonadultsexhibittwogeneralfreshwaterlifehistorypatternscharacterizedas


“stream‐type”and“oceantype”(Healey1991).“Stream‐type”adultsenterfreshwaterseveral


monthsbeforespawningandcompletetheirmaturationintheirnatalstreamswheretheyholdfor


severalweekstomonthsbeforespawning.“Oceantype”Chinooksalmonenterfreshwaterat


maturityandmigraterapidlytotheirnatalstreamswheretheyspawnshortlyafterarrivingonthe


spawninggrounds.Winter‐andspring‐runChinooksalmonexhibitastream‐typepatternasadults,


migratingtoupstreamspawningareaswheretheyholdforseveralmonthsuntilsexuallymature


(Williams2006).Late‐fall‐runChinookexhibitapredominantlystream‐typelifehistorywhilefall‐


runChinookexhibitapredominantlyocean‐typelifehistory.


Chinooksalmonjuvenilesarealsogenerallycharacterizedashavingocean‐typeandstream‐typelife


historiesdependingonthelengthoffreshwaterresidence(Healey1991).CentralValleyChinook


salmonjuvenileshavealargelyocean‐typelifehistorybutexhibitabroadrangeofjuvenilelife


historiesthatdifferwithrespecttodurationoffreshwaterresidence,habitatuse,andsizeatwhich


theymigratetotheDeltaandestuary(Williams2012;Sturrocketal.2015).Thisdiversityranges


fromfrythatmigraterapidlytotheDeltaorestuarywheretheycontinuetorearbeforeenteringthe


ocean,tojuvenilesthatremainandrearintheirnatalstreamsforuptoayearbeforemigrating


rapidlytotheocean.Seasonalandinterannualdifferencesinthetimingofmigrationalsoreflect


changingflowconditions(Sturrocketal.2015;DelRosarioetal.2013;BrandesandMcLain2001)


withvariabilityinflowcontributingtohighersurvivalindicesandalargerproportionofjuveniles


migratingaspre‐smolts(Zeugetal.2014).


Generally,fall‐runjuvenilesemigratefromtheirnatalstreamsduringthefirstfewmonthsfollowing


emergencewithmostmigratingasfrytolowermainstemrivers,Delta,orestuaryinwinterorearly


springfollowedbyemigrationoflargerjuvenileslaterinthespring(Williams2006).Late‐fall‐run


juvenilestypicallyrearinupstreamspawningareasthroughthesummerbeforeemigratingas


yearlingsinthefallandwinter(Williams2006).Winter‐runjuvenilesemigrateasfryfromupstream


spawningreachesinsummerandearlyfallandapparentlyrearforuptoseveralmonthsinthe


SacramentoRiver,Delta,orestuarybeforemigratingtotheoceaninspring(DelRosarioetal.2013).


Mostspring‐runjuvenilesfollowanocean‐typelifehistory,beginningtheirdownstreammigration


inwinterasfry,althoughsomerearforseveralmonthsintheirnatalstreambeforeemigratinglater


inthespringorinthefollowingfall,winter,orspring(Williams2006).


Adultsalmonrequiresuitableflows,watertemperatures,andwaterqualitytoaccesstheirnatal


streamsandreachthespawninggroundsatthepropertimeandwithsufficientenergyreservesto


completetheirlifecycles(BjornnandReiser1991).AdultChinooksalmonrequirewaterdepths


greaterthan0.8feetandwatervelocitieslessthan8feetpersecondforsuccessfulupstream


migration(Thompson1972).Adultsalmonmigratingupstreammostlyusepoolandmid‐channel


habitat(StillwaterSciences2004)andarethoughttobeprimarilyactiveduringtwilighthours.


SuitablewatertemperaturesforupstreammigrationofadultChinooksalmongenerallyrangefrom


38°Fahrenheit(F)to65°F(Bell1991;Boles1988;CDFG1998).Boles(1988)recommendedwater


temperaturesbelow65°FforadultsalmonupstreammigrationintheSacramentoRiver.Suitable


watertemperaturesforadultwinter‐runChinooksalmonmigratingupstreamtospawninggrounds


rangefrom57°Fto67°F(NMFS1997).However,coolerwatertemperaturesarerequiredwhile


holdingandpreparingtospawn;themaximumsuitablewatertemperaturereportedforholdingis


59°Fto60°F(NMFS1997).HighwatertemperaturesandlowDOlevelscanformbarrierstoadult


salmonmigration.Ingeneral,watertemperaturesabove70°FandDOlevelsbelow5milligramsper


literhavebeenreportedtoblockorcausedelaysinmigrationofChinooksalmon(Hallocketal.


1970;RichterandKolmes2005).
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FemaleChinooksalmonselectspawningsiteswithsuitablewaterdepths,velocities,andsubstrate


sizesforredd(nest)constructionandsuccessfuleggincubation(BjornnandReiser1991;Quinn


2005).Preferredhabitatisdeterminedbytheneedforsufficientflowofoxygenatedwaterthrough


theinterstitialspacesinthestreambedtosupportthedevelopingembryos.Bodysizealsoinfluences


siteselection;largerfemalescanusesiteswithlargergravelandfasterwater(Quinn2005).Chinook


salmonhavebeenreportedtoutilizeabroadrangeofwaterdepthsandvelocitiesforspawning.


WatervelocityinChinooksalmonspawningareastypicallyrangefrom1to5feetdeepwithwater


velocitiesof1–3.5feetpersecond(USFWS2003).TheUSFWS(2003)reportedthatwinter‐run


preferdepthsof1.4–10feetandvelocitiesfrom1.5–4.1feetpersecond.


OptimalwatertemperaturesforChinooksalmoneggincubationrangefrom41°Fto56°F(NMFS


2009a).Asignificantreductionineggviabilityoccursabove57.5°Fandtotalmortalitycanoccurat


temperaturesabove62°F(NMFS2014a);thelowerandupperthermalrangecausing50percent


pre‐hatchmortalityis37°Fand61°F,respectively.TheU.S.EnvironmentalProtectionAgency


(USEPA)recommendsthatwatertemperatures(measuredasmaximum7‐dayaverageofthedaily


maximums[7DADM])forsalmonandtroutspawning,eggincubation,andfryemergencenotexceed


55.4°F(USEPA2003).Thisisgenerallyconsistentwithlaboratory‐basedstudiesofthermal


toleranceofChinooksalmonembryos;however,oxygenlimitationhasalsoshowntobeastrong


determinantofthermaltoleranceinthefield.Inarecentstudy,applicationofathermaltolerance


modelbasedonlaboratorydatafailedtopredicttheeffectsoftemperatureonsurvivalofwinter‐run


ChinooksalmonintheSacramentoRiver(field‐derivedestimatesofegg‐to‐frysurvival).Theresults


suggestedanapproximately3°C(5.4°F)reductioninthermaltoleranceinthefieldcomparedtothe


labthatwasattributedtoeggsizeanddifferencesinwaterflowvelocitiesthataffectedtheabilityof


embryostoobtainsufficientoxygentomeetdemands(Martinetal.2016).


DevelopmenttimeforChinooksalmonembryosisdependentonambientwatertemperatures.


Coldertemperaturesresultinslowerdevelopmentratesandalongerdevelopmenttime.Withinthe


optimalthermalrange,embryoshatchin40–60days.Alevinsremaininthegravelforanadditional


4–6weeksmetabolizingtheiryolksacfornourishment.Whentheyolksacisdepleted,thefry


emergefromthegraveltobeginexternalfeeding.


Uponemergence,frydispersetothemarginsoftheirnatalstream,seekingshallowwaterwith


slowervelocityandbeginfeedingonterrestrialinvertebrates,zooplankton,andaquatic


invertebrates(Sommeretal.2001).Somefrytakeupresidenceintheirnatalstreamforuptoayear


whileothersaredisplaceddownstreambythecurrent.Oncedownstreammigrationbegins,frymay


continuetotheestuaryandrearthereortakeupresidenceinintermediateupstreamriverreaches


foruptoayear(Williams2006,2012;Sturrocketal.2015).


WhenjuvenileChinooksalmonreachalengthof5–6centimeters(cm)inlength,theymoveinto


deeperwaterwithgreatercurrentvelocities,butstillseekshelterinquiescentareastoconserve


energy(Healey1991).IntheSacramentoRivernearWestSacramento,largerbodiedjuvenileswere


locatedinthemainchannelwhilesmallerfrywerefoundalongtherivermargin(USFWS1997as


reportedinCDFG2010a).Whenchanneldepthisgreaterthan9–10feet,juvenilestendtoremain


nearthesurface(Healey1982).Anincreaseinturbidityfromstormrunoff,increasedflowsor


changesindaylengthtriggeremigrationofjuvenilesfromtheupperSacramentoRiverbasin


(Kjelsonetal.1982;BrandesandMcLain2001).Juvenilesalmonmigrationratesvaryconsiderably


dependingonthephysiologicalstageoftheindividualandambienthydrologicconditions.Chinook


salmonfrycantravelasfastas12milesperdayintheSacramentoRiver(Kjelsonetal.1982).


Sommeretal.(2001)measuredtravelratesaslowas0.5tomorethan6.0milesperdayintheYolo


Bypass.
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Smoltingisthephysiologicalprocessthatincreasessalinitytoleranceandenablessalmonidsto


transitionfromfreshwatertosaltwater.Smoltingusuallystartswhenjuvenilesare7–10cmin


length(CDFG2010a);consequently,juvenilesmaybeginthisprocessintheirnatalstreams,inthe


Deltaorestuary,orduringtransitfromtheirnatalstreams.Environmentalfactorssuchasincreased


streamflowandchangesinwatertemperatureandphotoperiodcanalsoaffecttheonsetofsmolting


(RichandLoudermilk1991;Quinn2005).Aftersmoltingbegins,salmonoftenrearfurther


downstreamwhereambientsalinitiesarehigherlikeSuisunBayorthecoastalocean(Healey1980;


LevyandNorthcote1981).


ThemajorityofSacramentoRiverjuvenileChinooksalmonentertheDeltabetweenOctoberand


May(Table3.4‐2).However,therearerun‐specificdifferencesandsubstantialvariationin


emigrationtimingfromyeartoyeardependingonhydrologicconditions(e.g.,droughtconditions)


andthetimingofmajorstormevents(Kjelsonetal.1982;Williams2006;delRosarioetal.2013).


Forexample,earlypeakmovementsofwinter‐runChinooksalmonjuvenilespastKnightsLanding


aretriggeredbythefirstmajorfloweventsoftheseason(15,000cfsatWilkinsSlough)which


typicallyoccurfromlateNovemberthroughFebruary(delRosarioetal.2013).


Table 3.4‐2. Timing of Juvenile Chinook Salmon and California Central Valley Steelhead Entry into
the Delta from the Sacramento River Basin by Month

Month 

Sacramento 
RiverTotal1,2 

(%) 
Fall‐Run 
(%) 

Spring‐Run 
(%) 

Winter‐Run 
(%) 

Sacramento

Steelhead3


(%)


January 12 14 3 17 5


February 9 13 0 19 32


March 26 23 53 37 60


April 9 6 43 1 0


May 12 26 1 0 0


June 0 0 0 0 0


July 0 0 0 0 0


September 4 0 0 0 1


October 6 9 0 0 0


December 11 0 0 24 1


Total 100 100 100 100 100


Source:NMFS2009RPAwith2011amendments.


RPA=ReasonableandPrudentAlternative.


1 Midwatertrawldata.

2 Allrunscombined.

3 RotaryscrewtrapdatafromKnightsLanding.





RearingbyjuvenileChinooksalmonintheBay‐Deltaappearstobeanimportantlifehistory


componentbasedonotolithmicrochemistryanalysisandbroadevidencefromotherestuaries


(Reimers1973;Healey1980;Kjelsonetal.1982;Lott2004;Milleretal.2010;Sturrocketal.2015).


PeakmigrationsandestuarineabundanceoffryintheBay‐Deltacorrelatedwithflowmagnitude,


withpeakabundanceanddownstreamextentoffrybeinghighestfollowingmajorrunoffevents
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(Kjelsonetal.1982;BrandesandMcLain2001).Rearingjuvenilesareknowntooccupyshallow


wateraroundthemarginsofestuaries,utilizingtidalcurrentstomoveinandoutofwetlandand


marshhabitatswheretheybenefitfromaccesstoshallowwater,protectivecover,andabundant


foodresources(McDonald1960;Dunford1975;Healey1980;LevyandNorthcote1981;Healey


1991,Heringetal.2010).IntheBay‐Delta,Kjelsonetal.(1982)reportedevidenceofdiel


movementsoffryfromshallowwaterareasneartheshorelineduringdaylighttooffshoreareasat


night,andageneralincreaseinthesizeofjuvenilesalmonwithincreasingdistancefromtheshore.


Cladocerans,copepods,amphipods,anddipteransarecommonpreyitemsintheDeltaandestuary


(Kjelsonetal.1982;Sommeretal.2001;MacFarlandandNorton2002).


Migrationtiming,residencetimes,andhabitatusebyjuvenileCentralValleyChinooksalmonare


highlyvariableasreflectedbythediversityoflifehistorypatternssummarizedabove(Williams


2006,2012).Mark‐recapturedatasuggestthatjuvenilefall‐runcanentertheDeltaasfryandrear


forupto2months(Kjelsonetal.1982),whilecomparisonofcatchdataforwinter‐runentering


(KnightLanding)andleavingtheDelta(ChippsIsland)indicateresidencetimesrangingfrom40to


over110daysandaveraging87days(delRosarioetal.2013).Followingtheirinitialdownstream


movements,youngChinooksalmonmayalsorearforsometimeinnon‐nataltributaries,flood


bypasses(SutterandYoloBypasses),andremnantfloodplainsdependingonthetimingand


durationoftheirconnectionwiththeriver(Maslinetal.1997,1998,1999;Sommeret.2005;del


Rosarioetal.2013).Laterinthemigrationseason(orsubsequentmigrationseasonforyearlingsin


natalstreams),largersub‐yearlingoryearlingjuveniles(smolts)appeartomigraterapidlytothe


ocean(Williams2012).MacFarlaneandNorton(2002)presentedevidenceofrapidmigrationand


minimalgrowthoffall‐runjuvenilestraversingtheestuary(downstreamofChippsIsland),


suggestinglittleestuarinedependencyandrapidoceanentry.Theseresultsappeartobeapplicable


primarilytolarge,activelymigratingjuveniles(includinghatcheryjuveniles)andnottoearlierfry


migrantsthathavebeenshowntoexhibitextendedDeltaandestuarinerearingandmakesignificant


contributionstoadultproduction,especiallyinwetyears(BrandesandMcLain2001;Williams


2012;Sturrocketal.2015).


StudiesofthethermalrequirementsofCentralValleyChinooksalmonindicatethatoptimal


temperaturesforgrowthareachievedat62.6–68.0°F,providedthatfoodisnotlimiting,andother


factors,suchasdisease,predation,andcompetition,haveminimaleffect(MyrickandCech2004).


AmericanRiverfall‐runChinooksalmonachievedmaximumgrowthataconstanttemperatureof


66.2°Fundermaximumrationandoxygensaturationlevels(MyrickandCech2001).Inanother


study,MyrickandCech(2001)demonstratedthatSacramentoRiverfall‐runChinooksalmon,fedat


levelsreportedforjuvenilesalmonidsinthefield,survivedandgrewattemperaturesupto75.2°F.


However,juvenilesrearedat69.8–75.2°Fexperiencedsignificantlydecreasedgrowthrates,


impairedsmoltificationindices,andincreasedpredationvulnerabilitycomparedwithjuveniles


rearedat55.4–60.8°F.


3.4.2.2 Central Valley Steelhead

CentralValleysteelhead(O.mykiss)2wereoncewidelydistributedintheSacramentoandSanJoaquin


Riversystems,migratingtospawningandrearingareasprimarilyinintermediatetoupper‐elevation


SierraNevadaandCascadestreams(Quinn2005;Yoshiyamaetal.2001).However,mostoftheir


historicalspawningandrearinghabitatisnowblockedbydams,restrictinganadromouspopulations


todownstreamreacheswherehabitatconditionshavebeenhighlymodifiedbyregulatedflowsand




2CentralValleysteelheadarerecognizedasamemberofthesubspeciesO.mykissirideus(Moyle2002).
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otherabioticandbioticstressors(McEwan2001;NMFS2014a).Geneticstudieshaverevealedthat


CentralValleysteelheadpopulationsgenerallylackthestronggeographicpatternsofgenetic


differentiationthathavebeenfoundinotherCaliforniaO.mykisspopulations(e.g.,northernCalifornia


steelheadDPS)(Nielsenetal.2005;PearseandGarza2015).PearseandGarza(2015)foundthat


CentralValleypopulationsaboveandbelowbarrierdamsarenotcloselyrelatedandthatthe


relationshipsbetweenbelow‐barrierpopulationsdonotfitapatternofisolation‐by‐distance.These


resultslikelyreflectmorethanacenturyofhabitatmodificationandhatcheryandstockingpractices,


includingtheuseofout‐of‐basinsourcestosupplementhatcheryproduction(PearseandGarza2015).


O.mykissdisplayhighlycomplexanddiverselifehistories,includingbothresidentandanadromous


forms(steelhead).CentralValleysteelheadmayexhibiteitherananadromousorresidentlife


history,includingthecapacityforresidentadultstoproduceanadromousoffspringandanadromous


adultstoproduceresidentoffspring(Zimmermanetal.2008).Inaddition,steelheadexhibitgreat


variabilityinageatemigrationandageatreturnand,unlikesalmon,arecapableofspawningmore


thanonceduringtheirlifetime.Thesehighlyvariablelifehistorypatternsreflectadaptationtolocal


environmentsthatcanbeexplainedbyacomplexinteractionofgeneticandenvironmentalfactors


thatdeterminethedevelopmentalpathwayofindividualfish(smolttransformation,maturation)


basedoncondition,growth,andsize(Satterthwaiteetal.2009,2010).Becauseofblockedaccessto


historicspawninghabitatandhighlyalteredconditionsbelowdams,thelifehistoriesofCentral


Valleysteelheadmayhavealreadydivergedsubstantiallyfromtheirhistoricpatternsandnow


includeagreaterproportionoffishwithafreshwaterresidentlifehistory(Lindleyetal.2007;


McClureetal.2008).


CentralValleymigratorysteelheadare“wintersteelhead.”Thenamingconventionreferstothe


timingofupstreamadultmigration.Wintersteelheadadultsmigratefromtheoceanassexually


matureindividualsandarereadytospawnwhentheyarriveontheirbreedinggrounds(Moyle


2002;McEwanandJackson1996).Adultupstreammigrationfromtheoceanoccursthroughoutthe


yearbutpeaksintheSacramentoRiverinSeptemberandOctober(McEwanandJackson1996).


MigrationintheSanJoaquinRiverbeginsasearlyasJulyandcontinuesthroughAprilwithapeakin


upstreammigrationbetweenOctoberandFebruary(USDOI2008).AdultCentralValleysteelhead


mostlyusestheSacramentoandSanJoaquinRiverchannelsasamigrationcorridortoreach


upstreamnatalstreams(Moyle2002).


PeakspawninggenerallyoccursbetweenJanuaryandMarchinboththeSacramentoandSanJoaquin


Riverwatersheds(Hallocketal.1961;McEwan2001).LikeChinooksalmon,reddsiteselectionisa


functionofbodysize;steelheadaregenerallyreportedtousewaterdepthsrangingfrom6to36


inches,watervelocitiesrangingfrom1to3.6feetpersecond,andsubstratesrangingfrom0.2to4


inches(BjornnandReiser1991;McEwan2001).Thetimerequiredforeggdevelopmentis


approximately4weeks,butistemperaturedependent(McEwanandJackson1996).Optimalegg


developmentoccursattemperaturesbetween48°Fand52°F.Afterhatching,theyolksacalevin


remaininthegravelforanadditional4–6weeksbeforeemerging(McEwanandJackson1996).Upon


emerging,frymovetoshallowprotectedstreammargins.Older,largerindividualsuserifflesand


pools.Youngsteelheadfeedonimmatureaquaticandterrestrialinsects(Moyle2002;Benignoand


Sommer2008;Weber2009;KammererandHeppell2012).


Juvenilesteelheadmigratetotheoceanafterspending1–2yearsinfreshwater(McEwanand


Jackson1996).SteelheadmigrantsfromtheSacramentoRiverwatershedarecaughtintheKnights


LandingrotaryscrewtrapsfromNovember–MarchwithpeakcatchesinFebruaryandMarch(Table


3.4‐2).SanJoaquinRiversteelheadmigratedownstreambetweenlateDecemberandJulywitha


peakinMarchandApril(USDOI2008).Juvenilesteelheadsalvagedatthestateandfederalpumping
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facilitiesindicatethatmoststeelheadaremovingthroughtheDeltafromNovember–June,witha


peakemigrationperiodbetweenFebruaryandMay(NMFS2009b).


3.4.3 Life History, Distribution, and Abundance Trends Over‐

Time

3.4.3.1 Population Abundance Goals and Species Declines

TheCentralValleyProjectImprovementAct(CVPIA)wasenactedin1992andhasmandated


changesinthemanagementoftheCVP,particularlyfortheprotection,restorationandenhancement


offishandwildlife.TheCVPIAestablishedtheAnadromousFishRestorationProgram(AFRP)to


“implementaprogramwhichmakesallreasonableeffortstoensurethat,bytheyear2002,natural


productionofanadromousfishinCentralValleyRiversandstreamswillbesustainable,onalongterm


basis,atlevelsnotlessthantwicetheaveragelevelsattainedduringtheperiodof1967‐1991.”This


mandateincludeddoublingthenaturalproductionforeachChinooksalmonrun(Table3.4‐3).The


SalmonProtectionObjectiveintheBay‐DeltaPlanandD‐1641issimilar,andprovidesthat“water


qualityconditionsshallbemaintainedtogetherwithothermeasuresinthewatershedsufficientto


achieveadoublingofnaturalproductionofChinooksalmonfromaverageproductionof1967‐1991,


consistentwiththeprovisionsofStateandFederallaw.”


Table3.4‐3indicatessignificantdeclinesinthenaturalproductionofSacramentoRiverwinter‐run,


spring‐run,andlate‐fall‐run,andSanJoaquinfall‐runnotwithstandingthepopulationabundance


goals,althoughuncertaintiesassociatedwithestimationmethodscanmakeestimatingnatural


productionchallenging(Cumminsetal.2008).Comparableestimatesarenotavailableforsteelhead


becauseoflimitedbaselineandpost‐baselinemonitoringdata(seeSection3.4.3.6).Thebestlong‐


termdatasetarecountsofadultspassingthroughthefishladderatRedBluffDiversionDam;


however,changesindamoperationsin1994precludedthecollectionofcomparablepost‐baseline


monitoringdata(NMFS2016a).


Table 3.4‐3. Summary of the Natural Production of All Four Runs of Chinook Salmon in the
Sacramento and San Joaquin River Basins during the Central Valley Project Improvement Act
(CVPIA) Baseline Period of 1967–1991 and 1992–2015

 NaturalProduction 
AnnualAverage 
Baseline(1967– 
1991)Period 

NaturalProduction 
AnnualAveragefor 
1992–2015Period 

ChangeinAverage

NaturalProduction

between1967–1991

and1992–2015


Sacramentowinter‐run 54,439 6,090 ‐89%


Sacramentospring‐run 34,374 13,385 ‐61%


Sacramentolate‐fall‐run 33,941 16,175 ‐52%


Sacramentofall‐run(mainstem) 115,371 65,791 ‐43%


SanJoaquinfall‐run1 38,388 17,453 ‐55%


DataSource:Table4inUSDOI(2016).

1 Stanislaus,Tuolumne,andMercedRivers.
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3.4.3.2 Winter‐Run Chinook Salmon

ApplicationofgeneticstockidentificationtechniquestoChinooksalmonsampledintheCalifornia


recreationaloceansalmonfisheryduring1998–2002indicatethatwinter‐runChinooksalmonoccur


largelyincentralCaliforniacoastalwatersbetweenPointReyesandMontereybeforemigrating


inlandtospawn(Satterthwaiteetal.2015).Adultwinter‐runChinooksalmonenterthe


SacramentoRiverbetweenDecember–JulyandspawnbetweenlateAprilandmid‐August(Table


3.4‐1).Mostadultsare3yearsoldandaresexuallyimmaturewhenre‐enteringfreshwater(Moyle


2002).Immatureadultsmustholdinfreshwaterforseveralmonthsbeforetheyarecapableof


reproducing.Winter‐runareuniquebecausetheycompletesexualdevelopmentandspawnduring


summerwhenairtemperatureintheCentralValleyapproachesanannualmaximum.Sincethe


constructionofShastaandKeswickDams,winter‐runhavebeenblockedfromreachingtheir


nativespawninggroundsintheupperSacramentoRiver,includingthePit,McCloud,Fall,and


LittleSacramentoRivers(Yoshiyamaetal.1998).Consequently,spawningisnowrestrictedto


betweenKeswickDamandtheRedBluffDiversionDam(RBDD)wherereleasesofcoldwater


fromShastaDamareusedtomaintainsuitablewatertemperaturesforspawningandincubation


(Goodetal.2005).Temperaturecontrolisachievedbymanagingreservoirstoragelevelsand


operatingatemperaturecontroldevice,whichwasinstalledatShastaDamin1998(NMFS


2009a).MaintainingcoldwaterintheSacramentoRiverbelowKeswickReservoircanalsobenefit


spring‐andfall‐runChinooksalmonandgreensturgeon.


Winter‐runfryemerge,generallyatnight,fromthegravelbetweenmid‐Juneandmid‐Octoberand


occupynearshoreshallowhabitatwithslowwatervelocity(NMFS2014a).Emigrationbeginsas


earlyasmid‐JulywithmostemigrantspassingtheRBDDinSeptemberandOctober(Vogeland


Marine1991;NMFS2009a).RearingoccursintheDeltaandintheSacramentoRiverbelowthe


RBDDNovember–April(Table3.4‐2)(Williams2006).Timingofmigrationtonurserylocationsis


variableandisdependentuponflow,damoperations,andwatertemperature.Rearinggenerally


occursfor5–10monthsbeforesmoltingandemigrationtotheocean.Marineemigrationusually


beginsinthefallandcontinuesthroughthespringwithoutboundsmoltspassinginboundspawners


(Moyle2002).


TheSacramentoRiverwinter‐runChinooksalmonpopulationincludeshatcheryproductionfrom


LivingstonStoneNationalFishHatchery(LSNFH)locateddownstreamofShastaDam(NMFS2014a).


Hatcheryfisharemarkedwithacodedwiretag(CWT)andaclippedadiposefintoallowfishery


managerstodifferentiatebetweennativeandhatcheryproducedfish.TheLSNFHreleasesbetween


about30,000and250,000pre‐smolts3annuallyeachwinter(NMFS2014a).In2014and2015,


juvenilewinter‐runproductionatLSNFHwasincreasedtomitigatefortheeffectsofprolonged


droughtconditions(elevatedwatertemperatures)onnaturallyspawningwinter‐runChinooksalmon


intheSacramentoRiver.Increasedhatcheryproductionresultedinthereleaseof612,000juvenilesin


2014and420,000juvenilesin2015(NMFS2016b,2016c).Sincethebeginningofhatchery


productionatLSNFHin1997,theproportionofhatcheryoriginwinter‐runChinooksalmon


spawningintheriverhasincreased.Priorto2005,theproportionofin‐riverhatchery‐origin


spawnerswasbetween5percentand10percent.However,theaverageoverthelast12yearswas


approximately13percent(withpeaksofapproximately20percentin2005,30percentin2012,and


23percentin2014),raisingconcernsaboutpotentialnegativeeffectsonthegeneticintegrityofthe


run(NMFS2016b).




3Meanannualreleasehasbeenabout167,000fish.
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Theabundanceofwinter‐runChinooksalmonhasdeclinedsignificantly.Escapementinthe1960swas


near100,000fish(Goodetal.2005).Figure3.4‐2presentsescapementforbothnaturalandhatchery


productionbetween1975and2014.Escapementwasashighas35,000fishin1976andhasnow


declinedtoafewthousandindividuals(Azat2015).Naturaljuvenileproductionandadultescapement


toin‐riverspawninglocationshasalsodeclinedrelativetothe1967–1991baselineCVPIAvalue


(Figure3.4‐3).Naturalproductionwas89percentlessin1992–2015thanin1967–1991(Table3.4‐3).


TheSacramentoRiverwinter‐runChinooksalmonevolutionarysignificantunit(ESU)4was


originallylistedasendangeredunderthefederalESAin1994(59FR440).Thelistingwas


reaffirmedin2005(70FR37160)andin2011(76FR50447).Thelistingincludesbothnaturally


occurringandartificiallypropagatedstock(70FR37160).TheESUwaslistedasendangeredunder


CESAin1989.








Figure 3.4‐2. Annual Winter‐Run Chinook Salmon Escapement from the Sacramento River Basin
from 1975 to 2014 and the 40‐Year Mean Population Size (gray line) (Source Azat 2015)






4NMFSusestheterm“ESU”toidentifyaDPSasspecifiedintheEndangeredSpeciesAct.TheEndangeredSpecies

ActdoesnotdefineDPS.TheDPSandESUaresmallerevolutionaryunitsthanaspecies.
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Figure 3.4‐3. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Winter‐

Run Chinook Salmon in Central Valley Rivers and Streams. Data were not available for 1952–1966.
1992–2015 numbers are from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period
Numbers are from Mills and Fisher (CDFG 1994).5




3.4.3.3 Spring‐Run Chinook Salmon

Historically,CentralValleyspring‐runChinooksalmonwerelikelythemostabundantsalmonrunin


theCentralValley.Spring‐runusedtheheadwatersofallthemajorriverstospawnandrear(NMFS


2014a).Spring‐runenterfreshwaterasimmatureadultsandascendtosummerholdingareasthat


provideappropriatetemperaturesandsufficientflow,cover,andpooldepthstoallowsuccessful


maturation(Yoshiyamaetal.1998).IntheCentralValleyambientsummerwatertemperaturesare


onlysuitableabove500–1,500feetelevationandmostofthishabitatisnowupstreamofimpassable


dams(NMFS2005aascitedinNMFS2014a).Asaresult,spring‐runhavesufferedthemostsevere


declineofallthefourrunsofChinooksalmonintheSacramentoRiverbasin(Fisher1994).


Habitatrequirementsforspring‐rundifferfromthoseofwinter‐runinthatsuitablehabitatis


requiredyear‐roundforsuccessfulcompletionofspring‐runfreshwaterlifestages(holding,


spawning,andrearing)(Table3.4‐1).Spring‐runChinookmigratetonatalstreamsbetween


FebruaryandSeptember,withpeakmigrationinMayandJune(Yoshiyamaetal.1998).Following


thesummerholdingperiod,spawningoccursbetweenlateAugustandNovemberwithapeakin


October–November(Moyle2002).


Thedevelopmentofembryosandemergencefromthegravelisdependentonambientwater


temperaturesandDOlevels.OptimalwatertemperaturesforChinooksalmoneggincubationrange




5Figurefromhttps://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.


https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.?
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from41to56°F(NMFS2009a)Embryoshatchin40–60daysundertheseconditionsandthealevin


remaininthegravelforanadditional4–6weeksbeforeemergingasfry(Moyle2002).Fryleavethe


gravelbetweenDecemberandMarch(Table3.4‐1).Juvenilestypicallymayremaininfreshwaterfor


12–16months,butsomeindividualsmigratedownstreamtotheoceanasyoungoftheyearin


winterorearlyspring(NMFS2014a).


TheFeatherRiverFishHatcheryisresponsibleforreplacingthelossofnaturalproductionofspring‐


runthatpreviouslyoccurredintheFeatherRiverwatershedaboveOrovilleDam(USFWS2014).


Theproductiongoalis2millionsmoltperyear.Theproportionofhatcheryfishinthereturning


populationhassteadilyincreasedsincethe1970s.Hatcheryoriginfishmaycomprisebetween20


and50percentoftotalescapementinrecentyears(estimatedfromFigure2‐7inNMFS2014a).


SpawninghabitatforCentralValleyspring‐runChinooksalmonalsoincludesthemainstem


Sacramento(betweenKeswickDamandRBDD),Feather,andYubaRiversandCottonwood,


Antelope,Thomes,BigChico,Clear,Battle,Butte,Deer,andMillCreeks(NMFS2014).Self‐sustaining


populationsoccuronMill,Deer,andButteCreeks,whileotherstreamsaredominatedbystraysfrom


hatcherystocksthathaveundergonehybridizationwithfall‐runChinook(NMFS2014a).


TheCentralValleyisestimatedtohaveproducedspring‐runChinooksalmonrunsaslargeas


600,000fishbetween1880and1940(CDFG1998).Morethanhalfamillionspring‐runsalmonare


believedtohavebeencaughtinthecommercialfisheryin1883(Yoshiyamaetal.1998).


Escapementisnowmuchsmallerwitha40‐yearaverageofabout14,500fish(Figure3.4‐4).Natural


productionofspring‐runhasalsodeclined(Figure3.4‐5).ProductionintheCVPIAbaselineperiod


of1967–1991wasestimatedat34,374fish.Averageproductionin1992–2015decreasedto13,385


fish.Thisrepresentsa61percentdeclineoverthebaselineperiod(Table3.4‐3)andisonly20


percentoftheCVPIAdoublinggoal.





Figure 3.4‐4. Annual Spring‐Run Chinook Salmon Escapement to Sacramento River Tributaries
from 1975 to 2014 and the 40‐Year Mean (gray line) (Source Azat 2015)
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Figure 3.4‐5. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Spring‐

Run Chinook Salmon in the Central Valley Rivers and Streams. No Data Available for 1952–1966.
1992–2015 numbers are from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period
Numbers are from Mills and Fisher (CDFG 1994).6




TheCentralValleyspring‐runChinooksalmonESUwaslistedasthreatenedunderthefederalESAin


1999(64FR50394).Thelistingwasreaffirmedin2005andexpandedtoincludetheFeatherRiver


hatcherystock(70FR37160).TheESUwaslistedasthreatenedin1999undertheCESA.Hatcheries


thatpropagateCentralValleyspring‐runChinooksalmonaretheTrinityRiverandFeatherRiver


FishHatcheries(CDFW2016b).


3.4.3.4 Late‐Fall‐Run Chinook Salmon

Late‐fall‐runChinooksalmonhavethelargestbodysizeofthefourrunsandcanweigh20poundsor


more(Moyle2002).Theirlargesizemakesthemasoughtafterrecreationaltrophysportfish.


Thehistoricalabundanceanddistributionofthelate‐fall‐runisnotknownbecausetherunwasonly


recognizedasdistinctafterconstructionoftheRBDDin1966(Yoshiyamaetal.2001).Thelate‐fall‐


runprobablyspawnedaboveShastaReservoirintheupperSacramentoRiveranditstributaries


(Yoshiyamaetal.2001).Theprimaryspawninghabitatforlate‐fall‐runisnowintheSacramento


RiverabovetheRBDD.SomespawningalsohasbeenobservedinClear,Mill,Cottonwood,Salt,


Battle,andCraigCreeksandintheYubaandFeatherRivers.Annualproductionfromthese


watershedsisthoughttoonlyconstituteaminorfractionoftotalpopulationabundance.




6Figurefromhttps://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.


https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.?
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Late‐fall‐runChinooksalmonmigrateupstreaminDecemberandJanuaryasmaturefish,although


someupstreammigrationhasbeendocumentedasearlyasOctoberandaslateasApril(Table3.4‐


1)(Williams2006).SpawningoccursinlateDecemberandJanuaryasfisharriveonthespawning


grounds,althoughitmayextendintoAprilinsomeyears(Williams2006).Frybegintoemergefrom


thegravelinApril,withemergencecompletebyearlyJune.Juvenilesmayholdintheriverfor7–13


monthsbeforemigratingdownstreamtotheocean(Moyle2002).Peakdownstreammigrationisin


October,althoughsomeindividualsmayleaveatanearlierageandasmallerbodysize(Williams


2006).


ConstructionofShastaandKeswickDamsinthe1940sblockedlate‐fall‐runChinooksalmonaccess


toupstreamspawningareaswheresnowmeltandspringwateroriginatingfromMt.Shastakept


ambientwatertemperaturecoolenoughforsuccessfulspawning,eggincubation,andsurvivalof


juvenilesalmonyear‐round.Late‐fall‐runChinooksalmonarenowdependentoncoldwaterrelease


fromShastaReservoir.ReservoirreleasesandinstallationofatemperaturecontroldeviceatShasta


Damhasprovidedcoolerwatertemperaturesduringsummerforwinter‐runChinooksalmonwhich


likelyalsobenefitslate‐fall‐run.


Aspreviouslymentioned,thehistoricabundanceoflate‐fall‐runChinooksalmonisnotknown


becausetherunwasnotrecognizedasdistinctfromfall‐rununtilafterconstructionoftheRBDDin


1966.AFRPestimatesofnaturalproductiondemonstratealong‐termdecline;naturalproduction


between1992and2015wasonly48percentoftheproductionduringthebaseperiodof1967–


1991(Figure3.4‐6).Theaveragenumberofreturningadultsduringthepast40years(1976–2014)


isabout12,000fish(Figure3.4‐7).ColemanNationalFishHatcheryonBattleCreekproduceslate‐


fall‐runChinooksalmonwithatargetof1millionfishperyear.Juvenilefisharereleasedin


Decemberatornearthehatchery(CaliforniaHatcheryScientificReviewGroup2012).
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Figure 3.4‐6. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Late‐

Fall‐Run Chinook Salmon in Central Valley Rivers and Streams. No Data Available for 1952–1966.
1992–2015 numbers are from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period
Numbers are from Mills and Fisher (CDFG 1994).7






7Figurefromhttps://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.


https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.?
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Figure 3.4‐7. Annual Late‐Fall‐Run Chinook Salmon Escapement to the Sacramento River
Watershed from 1975 to 2014 and 40‐Year Mean (gray line) (Source Azat 2015)




3.4.3.5 Fall‐Run Chinook Salmon

Historically,fall‐runChinooksalmonlikelyoccurredinallCentralValleystreamswithadequateflow


duringthefall(Yoshiyamaetal.2001).Fall‐runspawnedinvalleyfloorstreamsandlowerfoothill


watercoursesandwerelimitedintheirupstreamspawningmigrationbecauseofadeteriorating


bodycondition(Yoshiyamaetal.2001).Thecueforupstreammigrationappearstobeanincreasein


flow.Adultsoftenmoveontherisinglimbofthehydrograph(USDOI2010).Adultsaresexually


matureanduponarrivalintheirnatalstreamselectspawningsitesandconstructredds.


Sacramentofall‐runspawnfromlateSeptemberthroughJanuaryandlarvalhatchingoccursabout2


monthslater(Table3.4‐1).Eggincubationistemperaturedependentandlasts40–60days.Upon


hatching,thealevinsremaininthegravelfor4–6weeksuntiltheiryolksachasbeenabsorbed


(Moyle2002).Generally,fall‐runjuvenilesemigratefromtheirnatalstreamsduringthefirstfew


monthsfollowingemergencewithmostmigratingasfrytothelowermainstemrivers,Delta,or


estuaryinwinterorearlyspringfollowedbyemigrationoflargerjuveniles(parrandsmolts)later


inthespring(Williams2006).PeakmigrationsandabundanceoffryintheBay‐Deltaaregenerally


correlatedwithflowmagnitude,withpeakabundance,anddownstreamextentoffrybeinghighest


followingmajorrunoffevents(Kjelsonetal.1982;BrandesandMcLain2001).Evidencefromotolith


microchemistryanalysissuggeststhatallthreemigratoryphenotypes(fry,parr,andsmolt)


contributetoadultpopulations,withincreasingcontributionsoffrymigrantsinwetyears(Milleret


al.2010;Sturrocketal.2015).


LifehistorycharacteristicsoftheSanJoaquinfall‐runpopulationaresimilar,butwithsmall


differences,tothatpreviouslydescribedforfall‐runfromtheSacramentoRiverbasin.AdultSan


JoaquinRiverfall‐runChinooksalmonmigratethroughtheDeltatotheirnatalstreamsfromlate
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SeptembertoearlyDecember.PeakmigrationoccursinNovember(Table3.4‐1).Spawningcan


occuratanytimebetweenOctoberandJanuaryintheMerced,Tuolumne,andStanislausRivers,but


typicallyhappensinNovember(McBainandTrush2002;CDFG1993).Fryemergefromthegravel


betweenFebruaryandMarch(McBainandTrush2002).Someindividualsimmediatelymigrate


downstreamtothemainstemSanJoaquinRiverandtheDeltawhileotherslingerintheirnatal


streamandemigrateinAprilandMay.PeakemigrationpastMossdaleoccursbetweenmid‐April


andtheendofMay(Figure3.4‐10).JuvenilesalmoncanrearintheDeltadownstreamofMossdale


foranadditional1–3monthsbeforemovingtoSanFranciscoBayandthePacificOcean(Williams


2006).


Fall‐runChinooksalmonarethemostabundantofallCentralValleysalmonruns.Thelifehistory


strategyofadultChinooksalmonspawninguponentryintothewatershedandjuvenilesleaving


shortlyafteremergingfromreddsmakesthemsuitableforcultureinproductionhatcheries.Fall‐run


salmonfryareraisedatfourCentralValleyhatcheries8whichtogetherreleasemorethan32million


smolteachyear(CDFW2016b).Hatcheryproductioncontributestoalargecommercialand


recreationaloceanfisheryandapopularfreshwatersportfishery.However,historiclevelsofgenetic


andphenotypicdiversityofCentralValleystockshavelikelybeensubstantiallyreducedbythe


cumulativeeffectsofhabitatlossanddegradation,andincreasingdominanceofhatcheryfishin


spawningpopulations(WilliamsonandMay2005;Barnett‐Johnsonetal.2007).Thesefactorsare


believedtohavecontributedtothereducedresilienceofSacramentofall‐runChinooksalmonand


thecollapseoftheruninresponsetopooroceanconditionsin2005and2006(Lindleyetal.2009)


andalargedeclineinescapementin2007and2008(Figure3.4‐8).Thenumberofreturningadults


hassincerecoveredandisnowaboutatthe40‐yearaverage(Figure3.4‐8).


Naturalproductionoffall‐runChinooksalmoninthemainstemSacramentoRiverhasdeclined


sincetheCVPIAbaselineyearsof1967–1991;averagenaturalproductioninthemainstem


SacramentoRiverbetween1992and2015wasabout57percentofthebaselineperiod(Figure3.4‐


9).Averagenaturalproductionoffall‐runChinooksalmonintheSanJoaquinRiverbasin(Stanislaus,


Tuolumne,andMercedRivers)during1992–2015hasdeclinedapproximately55percentsincethe


CVPIAbaselineyears(Figure3.4‐11).







8American,Feather,Merced,andMokelumneRiverfishhatcheries.
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Figure 3.4‐8. Annual Fall‐Run Chinook Salmon Escapement to the Sacramento River Watershed
from 1975 to 2014 and 40‐Year Mean (gray line) (Source Azat 2015)







Figure 3.4‐9. Estimated Yearly Adult Natural Production and in‐River Adult Escapement of Fall‐Run
Chinook Salmon in the Main Stem Sacramento River. 1952–1966 and 1992–2015 numbers are
from CDFG Grand Tab (Apr 11, 2016). 1967–1991 Baseline Period Numbers are from Mills and
Fisher (CDFG 1994).9



9Figurefromhttps://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.


https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.?


State Water Resources Control Board

Scientific Knowledge to Inform Fish and

Wildlife Flow Recommendations


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
3‐32

Final





Figure 3.4‐10. San Joaquin River Basin Smolt Emigration Pattern 1988–2004 (from CDFG 2005)







Figure 3.4.‐11. Estimated Yearly Natural Production and Instream Escapement of San Joaquin
Adult Fall‐Run Chinook Salmon. The San Joaquin system is the sum of the Stanislaus, Tuolumne,
and Merced Rivers. 1952–1966 and 1992–2015 numbers are from CDFG grand tab (April 11, 2016).
1967–1991 baseline period numbers are from Mills and Fischer (CDFG 1994).10






10Figurefromhttps://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.


https://www.fws.gov/lodi/anadromous_fish_restoration/afrp_index.htm.?
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NMFSgroupsSacramentofall‐andlate‐fall‐runChinooksalmoninasingleESU,whichiscurrently


listedasafederalSpeciesofConcern(69FR19975).CDFWdistinguishesbetweenSacramentofall‐


andlate‐fall‐runs,andbothareidentifiedasCaliforniaSpeciesofSpecialConcern(Moyleetal.


2015).


TheSanJoaquinfall‐runChinooksalmonpopulationisnotlistedaseitherthreatenedorendangered


underCESAorfederalESA.CDFWincludesSanJoaquinfall‐runChinookintheCentralValleyfall‐


runESU,whichisidentifiedasaCaliforniaSpeciesofSpecialConcern(Moyleetal.2015).


3.4.3.6 Central Valley Steelhead

Historically,CentralValleyadultsteelheadwerewidelydistributedthroughouttheSacramentoand


SanJoaquinwatershedspriortodamandreservoirconstruction(NMFS1996;McEwan2001).Their


distributionintheupperSacramentoRiverbasinlikelyincludedtheupperSacramentoandPitt


Rivers,SacramentoRivertributariesonboththeeastandwestsideoftheriverandasfarsouthas


theKingsRiverintheSanJoaquinbasin(Yoshiyamaetal.1996;Lindleyetal.2006).Lindleyetal.


estimatedthathistoricallytheremayhavebeenasmanyas81distinctsteelheadpopulations


distributedthroughouttheCentralValley.


ExistingnativesteelheadpopulationsnowoccurintheSacramento,Yuba,Feather,Bear,and


AmericanRiversandinCottonwood,Butte,BigChico,Cow,Stony,Thomes,Deer,Mill,Antelope,


Clear,andBattleCreeksintheSacramentoRiverbasin(NMFS2014a).OntheeastsideoftheDelta,


returningadultsteelheadhavebeenobservedintheMokelumne,Cosumnes,andCalaverasRivers.


IntheSanJoaquinRiverbasin,adultsteelheadhavebeenreportedontheStanislaus,Tuolumne,and


MercedRivers(NMFS2014a).FourhatcheriesintheCentralValleyproducesteelhead:Coleman


NationalFishHatchery(BattleCreek),FeatherRiverFishHatchery,NimbusHatchery(American


River),andMokelumneRiverFishHatchery.Togetherthehatcheriesproduceabout1.6millionfish


eachyear(NMFS2014a).


Availabledataindicatealong‐termdeclineinescapementofsteelheadfromtheSacramentoandSan


JoaquinRiverbasins(McEwan2001).McEwansurmisedthatbetween1millionand2millionadults


mayhavespawnedintheCentralValleyinthemid‐1880s,andthatabundancedeclinedtoabout


40,000inthe1960s.Theonlylong‐termtimeseriesofadultsteelhead(countsofadultspassing


RBDDfrom1966to1993)indicatesapersistentdeclineoverthisperiodfromapeakof


approximately20,000adultsin1967toanaverageofapproximately2,000adultsduringthelate


1980sandearly1990s(Goodetal.2005).TheChippsIslandmidwatertrawldataprovidethemost


recentindicatoroftrendsinnaturalproductionofjuvenilesteelheadintheCentralValleyasa


whole.Since1998,thefirstyearthatallhatcherysteelheadweremarkedwithanadiposefin‐clip,


theproportionofhatcherysteelheadhasincreased,exceeding90percentinsomeyearsand


reachingahighof95percentin2010(NMFS2016a).Becausehatcheryreleaseshavebeenfairly


constant,thisindicatesthatnaturalproductionofjuvenilesteelheadhascontinuedtodecline(see


Figure7inNMFS2016a).


TheCaliforniaCentralValley(CCV)steelheadDPSwasoriginallylistedasthreatenedinMarch1998


(63FR13347).ThisDPSincludesnaturallyspawnedanadromousO.mykissoriginatingbelow


naturalandconstructedimpassablebarriersfromtheSacramentoandSanJoaquinRiversandtheir


tributaries,andtwoartificialpropagationprograms:ColemanNationalFishHatcheryandFeather


RiverFishHatchery(78FR38270).Inits2016statusreview,NMFSrecommendedthatthe


MokelumneRiverHatcherybeaddedtotheCCVsteelheadDPSbasedonnewgeneticevidenceofthe


similarityofMokelumneRiverHatcheryfishtoFeatherRiverHatcheryfish(NMFS2016a).NMFS
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concludedthatCCVsteelheadremainlistedasthreatened,astheDPSislikelytobecomeendangered


withintheforeseeablefuturethroughoutallorasignificantportionofitsrange(NMFS2016a).


CriticalhabitatwasdesignatedinSeptember2005.ItincludestheSacramentoandSanJoaquin


RiversandDelta,andnumeroustributaries(uptothefirstknownnaturalorconstructedbarrier),


includingtheFeather,Yuba,andAmericanRivers,andDeer,Mill,Battle,Antelope,andClearCreeks


intheSacramentoRiverbasin;andtheMokelumne,Calaveras,Stanislaus,Tuolumne,andMerced


RiversintheSanJoaquinRiverbasin(70FR52488).


3.4.4 Dam and Reservoir Effects on Salmonids

Yoshiyamaetal.(1998)describesthelong‐termdeclineofChinooksalmonintheCentralValleyand


itscauses,citingdamconstructionasoneofthemajorfactorscontributingtohistoricaldeclinesin


distributionandabundance.Thelossofaccesstohistoricalspawningandrearinghabitatabovethe


damsandsubsequentimpactsofdamsandreservoiroperationsonhabitatbelowthedamsarecited


askeyreasonsforthelistingofwinter‐runChinooksalmon,spring‐runChinooksalmon,and


steelhead(NMFS2014a).Whilecoldwaterstorageandreleasesbelowthesedamshaveallowed


somepopulationstopersist,otherfactorsrelatedtodamconstructionandreservoiroperations


havecausedsignificanthabitatdegradationindownstreamreaches,includingalterationofseasonal


flowandtemperaturepatterns,disruptionofspawninggravelrecruitment,andalterationofother


naturalhydrologicandgeomorphicprocesses.


DamconstructionintheCentralValleybeganasearlyasthe1850swiththeconstructionof


permanentdamspeakingintheearly1900sandcontinuingthroughthe1970s.Startinginthe


1940s,theratesofdeclineofanadromousspecies(mostlyreferringtoChinooksalmonbutalso


includingsteelheadandgreensturgeon)increasedfollowingthecompletionofmajorwaterproject


damsonthemainstemsandmostmajortributariesoftheSacramentoandSanJoaquinRivers


(USFWS2001).Basedonavailableinformationontheknownorinferreddistributionofhistorical


migration,holdingandspawninghabitat,Yoshiyamaetal.(2001)estimatedthat1,126milesremain


ofthemorethan2,183milesofCentralValleystreamsthatwerehistoricallyaccessibletoChinook


salmon,indicatinganoveralllossofatleast1,057miles(48percent).Excludingthelowermigration


andrearingcorridors,theyestimatedthatatleast72percentoftheoriginalholdingandspawning


habitatforChinooksalmonintheCentralValleyisnolongeravailable.Steelheadalsoexperienced


majorhabitatlossesbasedontheirgenerallyhighermigrationlimitsandneedforsuitablerearing


temperaturesthroughthesummer(Yoshiyamaetal.1998).Usingamodelingapproachtodescribe


thehistoricaldistributionofCentralValleysteelhead,Lindleyetal.(2006)estimatedthatabout80


percentofthehistoricallyaccessiblehabitatdefinedassuitableforsteelheadisnowabove


impassabledams.


Theimpactsofhabitatblockagebydamswereparticularlysevereforwinter‐runandspring‐run


(andprobablylate‐fall‐run)Chinooksalmonbecauseoftheirrequirementsforcoolsummerwater


temperatures,allormostofwhichhistoricallyoccurredinupperelevationreachesabovelargemain


stemandtributarydams(Yoshiyamaetal.1998).Theresultwastheextirpationofspring‐run


ChinooksalmonfromtheSanJoaquinRiverbasinandmostofthemajorSacramentoRiver


tributarieswithhistoricalspring‐runpopulations(NMFS2014a).Steelheadwerelikelysimilarly


affectedbasedontheirgeneraloverlapinspawningdistributionwithspring‐runChinooksalmon


(McEwan2001;Lindleyetal.2006).Forwinter‐runChinooksalmon,thecurrentspawninghabitat,


formerlyusedonlyformigrationandrearing,ismaintainedartificiallywithcoolwaterreleasesfrom


ShastaDam,requiringmanagementofavailablecoldwaterstoragetomaintainsuitablewater
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temperaturesthroughthesummerincubationperiod(Yoshiyamaetal.1998).Comparedtowinter‐


andspring‐run,fall‐runChinooksalmonwerelessaffectedbydamsbecauseoftheiruseoflower


elevationreachesforspawningandrearing;however,fall‐runalsoexperiencedmajorhabitatlosses


becauseofupstreamdiversionsandlower‐elevationdiversiondamsthatimpededupstream


migrationanddegradedhabitatconditionsbelowthedams(Yoshiyamaetal.1998).


Theblockageofupstreammigrationofspring‐runChinooksalmonbymainstemdamsalso


eliminatedthespatialseparationbetweenspring‐andfall‐runadults,leadingtointerbreedingand


geneticintrogressionofthesetworunsintheSacramentoRiverbelowKeswickDam,FeatherRiver


belowOrovilleDam,andYubaRiverbelowEnglebrightDam(Yoshiyama1998;NMFS2014a).Lack


ofreproductiveisolationofspring‐andfall‐runChinooksalmonincombinationwithongoing


hatcherymanagementpracticesthatpromotehighstrayingrates(e.g.,off‐sitereleasesoffall‐run


juveniles)ofhatcheryadultstonaturalspawningareasrepresentacontinuedthreattothegenetic


integrityanddiversityofspring‐runandfall‐runstocks(WilliamsonandMay2005;NMFS2014a;


Lindleyetal.2009;CaliforniaHatcheryScientificReviewGroup2012).Similarly,itappearsthat


muchofthehistoricalpopulationstructureandgeneticdiversityofCentralValleysteelhead


populationshasbeenlostoralteredbydams,habitatmodification,andhistoricalhatcherypractices


(Lindleyetal.2006;PearseandGarza2015).


Habitatblockageisalsorecognizedasanimportantfactorcontributingtothehistoricaldeclinesin


thedistributionofgreensturgeonintheSacramentoRiverbasin(Adamsetal.2007);habitat


modelingpredictsthatsuitablespawninghabitatforgreensturgeonhistoricallyexistedinportions


oftheSanJoaquinandlowerFeather,American,andYubaRivers,muchofwhichiscurrently


inaccessibletogreensturgeonbecauseofimpassabledamsandalteredhydrographs(Moraetal.


2009).Whilethesepredictionsindicatethatdamsblockedaccesstoabout9percentofhistorically


availablehabitat,itislikelythattheseareascontainedrelativelyhighamountsofspawninghabitat


basedonthegeneraldistributionpatternsofgreensturgeoninotherriversystems(Moraetal.


2009).


Damandreservoiroperationsalsocontributedtohistoricalimpactsandcontinuetoactasstressors


onnativeCentralValleyfishpopulationsthroughflowregulationandthealterationofnatural


hydrologicandgeomorphicprocessesbelowdams.Thestorageanddiversionofnaturalflowsby


damshavedepletedstreamflowsandalteredthenaturalflowandtemperaturepatternsunder


whichChinooksalmon,steelhead,andotherfishesevolved.Theseflowalterationsincludeshiftsin


theseasonaldistributionofflows,reductionsinthemagnitudeofpeakflows,andoverallreductions


inflowvariationcomparedtothenaturalhydrograph(seeChapter2forinformationonchangesin


thehydrologyofthebasin).Damsalsodisruptthenaturaltransportofsediment(e.g.,spawning


gravel)andothermaterials(e.g.,largewoodymaterial)thatmaintainspawningandrearinghabitat


intheselowerreaches.Althoughanumberofwatermanagementactionsandhabitatrestoration


projectshavebeensuccessfulinimprovinghabitatconditionsforanadromoussalmonids,the


physicalandoperationaleffectsofdamsandreservoirs,coupledwithotherhistoricalimpactsonthe


riverlandscapebelowdams(e.g.,leveeconstruction),continuetobemajorthreatstoCentralValley


salmonandsteelheadconservationandtherecoveryefforts(NMFS2016a,2016c,2016d).


HighsummerandfallwatertemperaturesisrecognizedasamajorlimitingfactorforChinook


salmonandsteelheadpopulationsbelowmainstemandtributarydams,andlimitationsincold


waterstorageandotherphysicalandoperationalconstraints(e.g.,carry‐overstorage)limitthe


abilityofthesereservoirstomeetdownstreamwatertemperaturerequirements,especiallyduring


droughtandcriticallydryyears(NMFS2009a,2014a).Currently,bothphysicalandoperational


measures,includingtemperaturecontrolstructuresandseasonalstoragetargets,areemployedata
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numberofCentralValleyreservoirstoimprovethereliabilityofcoldwaterdischargeduringcritical


summerandfallspawningandrearingperiods.However,increasingwaterdemandsandclimate


changeisexpectedtofurtherlimittheeffectivenessofreservoirflowandwatertemperature


managementinprotectinganadromousfishpopulationsbelowthesereservoirs(Lindleyetal.2007;


Cloernetal.2011).Thischallengewasdemonstratedduringtherecentdroughtwhenalackof


sufficientinflowandcoldwaterstorageinShastaReservoirresultedinsub‐lethaltolethalwater


temperaturesintheSacramentoRiver,contributingtoverylowegg‐to‐frysurvivalofwinter‐run


Chinooksalmonin2014and2015(NMFS2016c).Inresponse,measureshavebeentakento


improvecoldwaterpoolmanagement,includingeffortstodevelopatwo‐dimensionalreservoir


modelcoupledwithawatershedandrivermodeltobetterunderstandthefactorsinfluencing


thermaldynamicsinShastaReservoir(Danneretal.2012).


Reservoirsactassedimenttrapsanddisruptthenaturaltransportofbedloadmaterial,including


spawning‐sizegravelnecessaryformaintenanceofChinooksalmonandsteelheadspawninghabitat.


Overtime,thisresultsinthedepletionofspawninggravel,acoarseningandarmoringofthechannel


bed,andreductionsintheoverallquantityandqualityofspawninghabitatinthereachesbelowthe


dams.Inmostsystems,flowregulation,leveeandbankstabilization,andgravelmininghave


contributedtotheproblembyimpairingothernaturalgravelrecruitmentprocessesbelowdams


(e.g.,channelmigration).Consequently,therestorationorrehabilitationofspawninghabitatbelow


damsisidentifiedasahigh‐priorityrestorationactioninanumberofCentralValleysalmonand


steelheadrivers,includingtheSacramentoRiver,ClearCreek,andtheFeather,Yuba,American,


Mokelumne,Stanislaus,Tuolumne,andMercedRivers(NMFS2014a).Fewevaluationsofthe


effectivenessofcompletedorongoinggravelaugmentationprojectsareavailable.IntheAmerican


River,however,quantitativeevaluationofpre‐andpost‐projectspawningutilizationofgravel


augmentationsitesdesignedusingasystematicmodelingapproach(Wheaton2004a,2004b)


demonstratedsignificantlyincreasedspawningutilizationbyChinooksalmonandsteelhead(Zeug


etal.2013).


FlowfluctuationsfromreservoirandhydropoweroperationsisacommonconcernbelowCentral


ValleyreservoirsbecauseofthepotentialforadverseeffectsonChinooksalmonandsteelheadfrom


redddewateringandjuvenilestranding.Whilecurrentflowmanagementandhydropowerlicensing


agreementscommonlyincludelimitsonflowfluctuationsandrampingratestominimizesuch


impacts,alterationsofthetiming,magnitude,andrateofreservoirreleasestomeetmultiplewater


managementobjectivescontinuetobeaconcern.IntheupperSacramentoRiver,forexample,


effortstomaintainstableflowstoprotectwinter‐runChinooksalmonthroughthesummer


incubationperiodincreasesthepotentialfordewateringoffall‐,spring‐,andpotentiallylate‐fall‐run


reddswhenflowsaresubsequentlyreducedinthefallforwaterconservationpurposes.


Consequently,annualmonitoringofChinooksalmonreddsintheSacramentoRiverbetween


TehamaBridge(RM229)andKeswickDam(RM302)iscurrentlybeingconductedtoinform


within‐seasonwatermanagementstrategiestoaddressthisrisk(Stompeetal.2016).


3.4.5 Flow Effects on Salmonids

ProtectionofChinooksalmonandsteelheadintheCentralValleyandBay‐Deltaestuaryrequires


appropriateflowconditionsforeachlifestageinbothfreshwaterandestuarinewater.Adultfish


requireflowofsufficientmagnitude,timing,andcontinuitytoprovidetheolfactorycues,water


quality,andpassageconditionstosuccessfullymigratefromtheestuarytotributaryspawning


areas.Similarly,juvenilesareadaptedtothenaturalhydrologicpatternsthatprovidesuitablewater


temperaturesandfoodresourcesforlarvalgrowthanddevelopment,triggerandfacilitate
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downstreammigrationtotheestuary,andprovideseasonalaccesstoproductiverearinghabitats


suchasfloodplainsandside‐channels(Raymond1979;BunnandArthington2002;Connoretal.


2003).Finally,emigratingjuvenilefishneedspringDeltaoutflowofsufficientmagnitudetoensure


successfulpassagethroughtheDeltatoSanFranciscoBayandontothePacificOcean(USFWS1987;


BrandesandMcLain2001).Thediscussionthatfollowsisorganizedbylifestage,startingwithadult


migration,spawning,andincubation,andthenjuvenilerearingandemigration.


3.4.5.1 Adult Migration, Spawning, and Incubation

AtleastonerunofsalmonorsteelheadismigratingthroughtheDeltaorholdingintheupper


watershedduringeachmonthoftheyear(Table3.4‐4).Theyear‐roundupstreammigrationof


differentrunsofsalmonrequiresthattributaryinflowsoccurthroughouttheyeartoguide


successfulmigrationtonatalstreamsandtoprovideappropriatewaterqualityandflowconditions


tosupportholdingadultfishwaitingtospawn.


Typically,salmondelaytheirspawningmigrationuntilwatertemperaturesstarttodeclineandflow


increasesbeforeattemptingmigrationthroughatributary.Duringupstreammigration,adult


salmonandsteelheadrequireflowsofsufficientmagnitudeandcontinuitytoprovideolfactorycues


neededtosuccessfullyfindtheirnatalstream(Moyle2002;Grovesetal.1968).Peakorrisingflows


associatedwithnaturalprecipitationeventsserveasimportanttriggersforupstreammigrationof


fall‐runChinooksalmon(Moyle2002).ContinuousflowsfromnataltributariesthroughtheDelta


maybemoreimportantforotherruns(CDFG2010a).Absenceofaconsistentpatternofchemical


signalsincreasesthelikelihoodofstrayingandalossofgeneticintegrityandlifehistorydiversity


(NMFS2014a).Atthesametime,alackofappropriateadultholdingconditionsduetoalackofflows


andelevatedambientwatertemperaturescanreducethefecundityoffishawaitingspawning


(NMFS2014a)andisacommonproblemintheBay‐Deltawatershed.


Largerandmorevariabletributaryoutflowsbenefitsalmonbyincreasingtheconnectivitybetween


themainstemandtributariesandbyimprovingconditionsforadultspawning.Lowflows,typically


associatedwithhigherambientwatertemperature,havebeenreportedtodelayupstreamadult


migrationtospawningareasthroughouttherangeofanadromoussalmonids(BjornnandReiser


1991).NMFS(2014b,AppendixA)foundinanassessmentofsalmonidstressorsinCentralValley


tributariesthatwarmwaterandlowflowsresultedinareductioninadultattractionandmigration


cues,adelayinimmigrationandspawningandareductionintheviabilityofincubatingembryos.


StateWaterBoardstaffanalyzedthefrequencythatthedifferentimpairmentsweredocumentedto


haveoccurredinSacramentoRivertributariesevaluatedbyNMFS(2014b,AppendixA)andfound


thatflowandwarmwatertemperaturesnegativelyaffectedadultsalmonreproductionandthe


viabilityoftheirincubatingembryosin54and73percentofthetributariesstudied(Table3.4‐5).


Thelackofflowwasattributedtoinsufficientreleasesfromupstreamreservoirsandthepresenceof


agriculturalandmunicipaldiversionsonthevalleyfloor(NMFS2014a).Elevatedwatertemperature


iscausedbyagriculturalandmunicipalwaterdiversionsthatreduceinstreamflow,elevatedair


temperature,lackofriparianforestcoverforshade,andthepresenceofirrigationreturnflows(ERP


2014a;NMFS2014a).
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Table 3.4‐4. Timing of Adult Chinook Salmon and Steelhead Migrations through the Delta to Upstream Sacramento and San Joaquin River
Spawning Tributaries

 Months1


Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec


Fall‐runChinooksalmon       


Spring‐runChinooksalmon       


Winter‐runChinooksalmon       


Late‐fall‐runChinooksalmon         


CentralValleySteelhead 


1 AdaptedfromHerboldetal.1992andUSFWS2014.
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Table 3.4‐5. State Water Board Staff Analysis of the Frequency of Common Flow Related Stressors
for Chinook Salmon and Central Valley Steelhead in Twenty‐Two Salmon Bearing Tributaries of
the Sacramento River. Information is from Appendix A in NMFS (2014b).

Watersheds

Affected(%) Water‐RelatedStress


73 Warmwatertemperaturesnegativelyaffectadultimmigration,holding,spawningor

embryoincubation


54 Lowflowsresultinginreducedadultattractionandmigrationcues,immigration,holding

orspawning


50 Riparianhabitatandinstreamcoveraffectingjuvenilerearingandemigration


40 Warmwatertemperaturesnegativelyaffectingjuvenilerearingandemigration.


32 Lowflownegativelyaffectingjuvenilerearingandemigration





AdultsalmonidsthatmigratethroughtheBay‐Deltatoreturntotheirnatalstreamsalsoencounter


alteredflowpathwaysresultingfromSWPandCVPsouthernDeltaexportoperationsthatcauseflows


tomovetowardtheexportfacilitiesratherthantowardtheocean.Thesealterationsinflowpathways


largelyaffectfishreturningtotheSanJoaquinandtheMokelumneRiverbasins.Adultfall‐runSan


JoaquinChinooksalmonmigrateupstreamthroughtheDeltaprimarilyduringOctoberwhenSan


JoaquinRiverflowsaretypicallylow(Hallocketal.1970;Mesick2001;Marstonetal.2012).Asa


result,ifexportsarehigh,littleifanyflowfromtheSanJoaquinbasinmaymakeitouttotheoceanto


helpguideSanJoaquinRiverbasinsalmonbacktospawn(Hallocketal.1970;Mesick2001;Marston


etal.2012).Analysesindicatethatincreasedstrayingoccurswhenexportsaregreaterthan400


percentoftheflowoftheSanJoaquinRiveratVernalis,whilestrayingratesdecreasewhenexport


rateswerelessthan300percentofVernalisflow(Mesick2001).11MorerecentanalysesbyMarston


etal.(2012)foundthatstrayingratesestimatedfromCWTdatafrom1979through2007decreased


significantlywithincreasingSanJoaquinRiverflows(p=0.05)andincreasedwithincreasing


exports,althoughthedecreaseassociatedwithreductionsinexportswasnotstatisticallysignificant


(p=0.1).Marstonetal.(2012)alsofoundthatstrayratesforSanJoaquinfishweregreaterthan


thoseobservedintheSacramentoRiverbasin(18percentvs.lessthan1percent,onaverage).Taken


together,thisinformationsuggeststhatpulseflowsandexportsjointlyaffectstrayingratesinthe


SanJoaquinRiverbasin(Monismithetal.2014).


RecentstudieshaveshownthatpulseflowsfromtheMokelumneRiverincombinationwithclosure


oftheDCCgatesduringOctoberincreasesthenumberofreturningMokelumneRiverChinook


salmonandreducesstrayingratestotheAmericanRiver(Table3.4‐6)(EBMUD2013;CDFG2012).


CDFG(2012)recommendedthattheDCCgatesbeclosedforupto14daysinOctoberin


combinationwithexperimentalpulseflowsfromtheMokelumneRivertoincreaseadultsalmon


returnsandreducestraying.




11Highstrayingratesofhatchery‐originadults(mostlyfall‐runChinook)isalsocausedbythecurrentpracticeof


releasingmosthatcheryjuvenilesatoff‐sitelocationsdownstreamofthehatcheryoforiginorintheestuary

(CaliforniaHatcheryReviewReport2012).
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Table 3.4‐6. Salmon Returns on the Mokelumne River (from CDFG 2012)






3.4.5.2 Juvenile Rearing and Emigration

Duringtheirfreshwaterrearingandemigrationperiods,juvenileChinooksalmonandsteelhead


requireflowsofsufficientmagnitudetotriggerandfacilitatedownstreammigrationtotheestuary,


provideseasonalaccesstoproductiverearinghabitats(floodplains)andprovidesuitablefood


resourcesforgrowthanddevelopment(Raymond1979;Connoretal.2003;Smithetal.2003).


CentralValleyChinooksalmonandsteelheadexhibitabroadrangeofjuvenilerearingandmigration


strategiesthatlikelyreflectadaptationstonaturalhydrologicpatternsandthespatialandtemporal


distributionofhabitatextendingfromtheirnataltributariestotheestuary.Forexample,the


dominanceofanocean‐typelifehistory,inwhichlargenumbersofjuvenilesmigratefromnatal


streamstolowermainstemrivers,Delta,andestuaryshortlyafteremergence,maybelinked,in


part,tothehighproductivityofformerlyextensivefloodplain,wetland,andestuarinehabitatthat


favoredrapidgrowthandsurvivalofjuvenilespriortoseawardmigration(Healey1991).


Acommonprobleminsalmon‐bearingtributariesintheBay‐Deltawatershedappearstobealackof


juvenilerearinghabitatandalackofconnectivitybetweentributariesandtheriverduetolackof


flowandelevatedambientwatertemperatures(NMFS2014b,AppendixA).Belowisadiscussionof


theneedforflowforjuvenilesalmonidsthroughtheirmigratorycorridorfromnataltributariesand


floodplains,throughthemainstemrivers,andthenthroughtheDeltatotheocean.


Tributary Habitat

Natalstreamsareimportantinitialrearinghabitatfornewlyhatchedlarvae.TheNMFS(2014b,


AppendixA)developedawatershedprofileforsalmonbearingstreamsintheSacramentoRiver


basinandtributariesdrainingtotheEasternDelta.Commonstressorsforjuvenilesalmoninthe


tributarystreamswere“lowflownegativelyaffectingjuvenilerearingandemigration”and“warm


watertemperaturenegativelyaffectingjuvenilesalmonrearingandemigration”.AnanalysisbyState


WaterBoardstaffdeterminedthatthesetwoimpairmentsoccurredin32and40percentofthe


tributariesevaluatedbytheNMFS(2014b,AppendixA)(Table3.4‐5).Agriculturaldiversionsand


damswerereportedtooccurinmanyofthesamewatershedsandlikelycontributedtothe


impairment(NMFS2014b,AppendixA).


Riparian Habitat

Riparianforestvegetationisimportanttojuvenilesalmonidsforseveralreasons.Newlyhatched


larvaemovetoshallowprotectedareasassociatedwithstreammarginstofeed(Royal1972;Fausch


1984).Terrestrialandaquaticinvertebratesareacommonfoodsourceforjuvenilesalmon(Moyle


2002).Juvenilesarealsoreportedtoselectsiteswithoverheadcover(Fausch1993)andappearto
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favorstreampositionswithlowambientlightlevels(Shirvell1990).Riparianforestsalsoprovide


shadeandreduceambientwatertemperature(NMFS2014a).Lossofriparianvegetation


destabilizesbanksandincreaseserosionwhichdegradesthequalityofspawninggravels.Finally,


absenceofriparianforestsreducestheamountoflargewoodyinstreamdebristhatwouldadd


spatialcomplexityandproviderefugefrompredators(NMFS2014a).


AnalysisofinformationintheNMFS(2014b,AppendixA)showsthat45percentofthenorthern


Californiawatershedsthatwereassessed(Table3.4‐5)lackedappropriateriparianhabitatand


instreamcoverforjuvenilesalmonidrearingandemigration.Watershedswithreducedriparian


forestcoverincludedDryCreek,AuburnRavine,Butte,Cow,PutahandCottonwoodCreeks,though


successhasbeenshownwithrehabilitationofhabitatinPutahCreek(Kiernanetal.2012).The


lowerAmerican,Feather,andCosumnesRiverswerealsoreportedtolacksufficientripariancover.


CDFG(2012)foundthatakeylimitingfactorforreestablishmentofcottonwoodandothernative


ripariantreesalongtheSacramentoRiveranditstributarieswasadropinthewatertableasa


resultofwatermanagementandareductioninthemagnitudeandfrequencyofwinteroverbank


flowsneededforsuccessfulgerminationandreestablishmentofriparianforests.CDFG(2012)


recommendedamorevariableandnaturalflowpatternwithperiodiclargewinterstormsthat


overtopchannelbankstosaturatethesoilprofiletoencourageseedgerminationand


reestablishmentofriparianhabitat.


Floodplain Rearing

Restoringfloodplainhabitatandconnectivitytothemainriverchannelshasbeenidentifiedasakey


objectiveofcurrentecosystemrestorationandrecoveryeffortsforChinooksalmonandothernative


fishesintheCentralValley(Moyleetal.2008).Historically,theCentralValleycontainedextensive


areasofseasonalfloodplainsandwetlandsthatfloodednearlyeverywinterandspring.These


habitatssupportedsignificantproductionofnativefishspeciesandmayhavecontributed


substantiallytooverallbiologicalproductivityoftheriverandestuary(Ahearnetal.2006).


Lateralconnectivityofthemainriverchannelstofloodplainscangreatlyexpandtheamountof


rearinghabitatforyoungsalmonduringseasonalinundationperiods.Themainstemriversonthe


valleyfloornowflowmostlyinconfinedchannelswithsteepbanks,butremnantsofthisformerly


extensivehabitatremaininengineeredfloodbasinsoftheSacramentoRiver(ButteSink,Sutterand


YoloBypass)andalongreachedoftheCosumnesRiverwhereleveeswerebreached.Studiesof


juvenilerearingintheYoloBypassandCosumnesRiverfloodplainfollowingconnectionofhigh


winterandspringflowsshowthatjuvenilesgrowrapidlyinresponsetohighpreyabundanceinthe


shallow,lowvelocityhabitatcreatedbyfloodplaininundation(BenignoandSommer2008;Jeffreset


al.2008;Sommeretal.2001).Thebenefitsoffloodplainhabitatlikelyincreasewithincreased


durationoffloodplaininundation,althoughjuvenilesmaybenefitfromevenshortperiodsof


flooding(Jeffresetal.2008).Theephemeralnatureofseasonalinundatedfloodplainhabitatcreates


higherriskofstranding,thermalstress,andlowDO.However,thequalityofrearinghabitatappears


tobesignificantlybetterthanmainstemriverhabitats,potentiallyresultingingreatersurvivalof


floodplainjuvenilesrelativetothosethatstayinthemainstemchannels(Sommeretal.2001).


Fastergrowthandassociatedhigherlevelsofsmoltqualityhavebeenshowntobeassociatedwith


highermarinesurvivalinotherwestcoastChinooksalmonpopulations(Beckmanetal.1999).


IntheYoloBypass,thepreferredtimingoffloodplaininundationisbasedonacombinationof


naturalemigrationtiming,andhydrologicconditionsthatpromotefloodplainconnectionand


activation(Opperman2008).MaximumfloodplainrearingopportunitiesforChinooksalmon
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generallyoccurfromlateNovemberthroughAprilbasedonlong‐termjuvenileemigration


monitoringatKnightsLandingandthetimingofflowsofsufficientmagnitudeanddurationto


overtoptheFremontWeir,triggermajordownstreammovementofjuveniles,andmaximizethe


availabilityoffloodplainhabitatintheYoloBypass.


TheNMFSBiOprequiresactionstorestorefloodplainrearinghabitatforjuvenilewinter‐run,


spring‐runandCaliforniaCentralValleysteelheadinthelowerSacramentoRivertocompensatefor


unavoidableadverseeffectsofCVPandSWPoperations(NMFS2009a,pp.608‐610).Thismaybe


achievedintheYoloBypassorthroughactionsinothersuitableareasofthelowerSacramento


River.Theactionrecommendsaninitialsizeof17,000–20,000acreswithanappropriatefrequency


anddurationofflooding.12


Juvenile Emigration

AllCentralValleyChinooksalmonandsteelheadmustmigratethroughtheDeltaasjuveniles.In


addition,manyCentralValleyChinooksalmonidsalsorearintheDeltaforaperiodoftime(USDOI


2010,p.53).Aswillbediscussedbelow,studiesindicatethathigherflowsduringtheseperiodsare


protectiveofemigratingjuvenilesincreasingboththeabundanceandsurvivalofemigrantsoutof


theDelta.Studiesalsoshowthatsurvivalisbetterifemigrantsremaininthemainstemriver


channelsandotherhighersurvivalroutesratherthanenteringtheinteriorDeltawheresurvivalis


knowntobelower.Followingisadiscussionofthescienceregardinginflows,outflowsandinterior


Deltaflowconditionsneededtoprotectemigratingsalmonids.


Winter‐runChinooksalmonentertheDeltaasearlyasOctoberwithmostpassingKnightsLanding


betweenNovemberandApril(delRosario2013)(Table3.4‐2).Juvenilespring‐runChinooksalmon


entertheDeltafromtheSacramentoValleyapproximatelybetweenJanuaryandAprilasyearlings


andfromJanuarythroughJuneasyoungoftheyear.Juvenilefall‐runChinooksalmonfromtheSan


Joaquin,Sacramento,andMokelumneRiversystemsmigrateintotheDeltabetweenOctoberand


May(Table3.4‐2).Theemigrationofnativeandhatcherysteelheadisspreadoveranapproximate


5‐monthperiodbetweenNovemberandMarchbutwithpeakemigrationinFebruaryandMarch.


Thus,theemigrationofCentralValleysalmonidsspanstheperiodfromOctobertoJune,withthe


largestfractionofeachpopulationintheDeltafromNovembertoJune(seealsoVogelandMarine


1991).


Rain‐inducedpulsefloweventsstimulateemigrationofjuvenilesalmonfromtheupperSacramento


RiverbasintributariestotheDelta.Thefirstautumnpulseflowexceeding15,000–20,000cfsonthe


SacramentoRiveratWilkinsSlough13hasbeenshowntotriggeremigrationofabouthalftheannual


catchofjuvenilewinter‐runChinooksalmonatKnightsLandingabout4dayslater(DelRosarioetal.


2013).TheremainingupstreampopulationcontinuestoemigratetotheDeltaduringsubsequent


precipitation‐inducedpulseflowevents.Lossofordecreaseinthemagnitudeofapulseflowevent


becauseitwascapturedbydiversionsorupstreamreservoirsmaydelayemigrationofwinter‐run


andothersalmonidstotheDeltaandincreasetheriskofpredationwhilejuvenilefishareinthe


upperbasin.




12TheNMFSBiOprequiredReclamationandDWRtoprovideNMFSanImplementationPlanbyDecember2011.In


2013ReclamationandDWRsubmittedtheirImplementationPlantoNMFS.Adraftenvironmentaldocumentfor

theprojectisscheduledforcompletioninthespringof2017withdesignandconstructiontobegininthewinterof

2017orthespringof2018.

13WilkinsSloughisnearKnightsLandingandisabout35milesupstreamoftheDelta.
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Fall‐runChinooksalmonsmoltsurvivalthroughtheDeltaispositivelycorrelatedwithDeltaoutflow


(USFWS1987).KjelsonandBrandes(1989)reportedthatthesurvivaloftaggedsmoltthroughthe


DeltafromtheCityofSacramentotoSuisunBaywaspositivelyrelatedtomeandailySacramento


RiverflowandinverselyrelatedtowatertemperatureatRioVistaduringMayorJune.Survivalof


fallrunsmoltsincreasedwithanincreaseinflowsfrom7,000to25,000cfs.Insufficientdataexists


todeterminetherelationshipabove25,000cfs.


BrandesandMcLain(2001)reportedapositiverelationshipbetweenabundanceofunmarked


emigratingChinooksalmonandApril–JuneflowatRioVistaflow(Figure3.4‐12plota).Catch


appearedindependentofflowbetweenabout5,000and15,000cfs,suggestingthattheremightbea


lowerthresholdeffect.Catchincreasedinalinearfashionbetween20,000and50,000cfs.State


WaterBoardstaffextendedthisanalysisusingDayflow(DWR2017)andDeltaJuvenileFish


MonitoringProgram(DJFMP)data(DJFMP2016).Theresultsoftheupdatedanalysis(Figure3.4‐12


plotb)aresubstantiallysimilartotheearlierpublishedresults.14


ModelingstudiesconfirmtheimportanceofSacramentoRiverflowonChinooksalmonsurvivalin


thelowerRiver.Newman(2003)modeledsurvivalofcodedwiretaggedfallrunChinooksalmon


andfoundapositiverelationshipbetweenflowatFreeportandsurvivalthroughtheDelta.Perry


(2010)modelledacousticallytaggedlate‐fall‐runChinooksalmonsurvivaldownstreamofGeorgiana


SloughandfoundapositivecorrelationwithSacramentoRiverandSutterandSteamboatslough


flows.Inbothcasesthemarginalincreaseinsurvivalperunitincreaseinflowdecreasedwith


increasesinflowaboveabout20,000cfs(SST2017a,AppendixE,p.E9‐102).Perry(2010)also


foundthatsurvivalincreasedintheSacramentoRiverandinSteamboatandSutterSloughsasfish


sizeincreased.


DelRosarioandRedler(2010)reportedthatthemigrationofwinter‐runChinooksalmonsmolts


pastChippsIslandbeginsafterpulseflowsexceed20,000cfsatFreeport.Mostoftheemigrationof


winter‐runoccursbetweenFebruaryandAprilwithabouthalftherunpassingChippsIslandin


March(NMFS2014a;DelRosarioandRedler2010).Thecumulativecatchperuniteffortofsmoltat


ChippsIslandwasapositivefunctionofthevolumeofwaterpassingFreeportbetweenNovember


andApril.Insummary,flowsgreaterthan20,000cfsareexpectedtoimprovetheabundanceoffall


andwinter‐runsalmonsmoltmigratingpastChippsIslandbetweenFebruaryandJune(Table3.4‐


7).Thesehigherflowsmaybeprotectivebecausetheyresultinlowerwatertemperatures,alower


proportionofflowdivertedintotheCentralDelta,andreducedentrainmentatagriculturalpumps


andexportfacilitiesintheSouthDelta(USDOI2010).


Nosimilarflowabundanceinformationisavailablespecificallyforspring‐runChinooksalmon,


whichhasnotbeenwidelystudied.However,thesefishhavesimilarlifehistorycharacteristicsas


fall‐runanditislikelythatasimilarmagnitudeofflowwouldalsobebeneficialforthem.Peak


emigrationofjuvenilespring‐runChinooksalmonpastChippsIslandisbetweenFebruaryandMay


(NMFS2014a).Foremigratingsteelhead,whichpeakinabundanceatChippsIslandbetweenMarch


andApril,higherflowsduringthesespringmonthsarelikelytobenefitthisspeciesaswell(NMFS


2014a).Therefore,spring‐runandsteelheadarealsoexpectedtobenefitfromflowsashighas


20,000to30,000cfsatRioVistabetweenFebruaryandMay.







14Figures3.4‐12aandbdiffersomewhatintheprecisepositionsofindividualdatapoints.Y‐axisvaluesinFigure


3.4‐12barebasedonacalculationofcatchperuniteffortusingthecatchandsampledwatervolumedataavailable

fromDJFMP(2016).
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Figure 3.4‐12. Mean Catch of Unmarked Chinook Salmon Smolt per Cubic Meter (x 1,000) in the
Midwater Trawl at Chipps Island between April and June from (a) 1978 through 1997 versus Mean
Daily Sacramento River Flow (cfs) at Rio Vista between April and June (from Brandes and McLain
2001), and (b) 1976–2015 (updated analysis by State Water Board staff). The updated analysis
shows the same pattern, with somewhat weaker correlation associated with flow (y = 0.0000129 x
+ 0.417; R2 = 0.438; p < 0.01).
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Delta Cross Channel Gate Operations and Georgiana Slough

JuvenilesalmonidsoriginatingintheSacramentoRiveranditstributariesmayentertheinterior


DeltaviatheDCCwhentheDCCgatesareopenorthroughGeorgianaSlough(USFWS1987;Lowet


al.2006;Perry2010).JuvenilesalmonidsmigratingthroughtheinteriorDeltaexperiencelower


survivalratestoChippsIsland,oftenaslowashalfthesurvivalratesoffishthatmigrateviathe


mainstemoftheSacramentoRiverandnorthernDeltaroutes(KjelsonandBrandes1989;Brandes


andMcLain2001;Vogel2004,2008;Newman2008;NewmanandBrandes2010;Perry2010;Perry


etal.2013).LowersurvivalintheinteriorDeltahasbeenascribedtoalongermigrationroutewhere


fishareexposedtoincreasedpredation,higherwatertemperatures,andentrainmentatCVPand


SWPexportfacilities(BrandesandMcLain2001;NMFS2009a;NewmanandBrandes2010;Perry


2010).


Informationsuggestedthatjuvenilesalmonids“gowiththeflow”andthuseitherstayinthe


SacramentoRiverorentertheinteriorDeltathroughtheDCCgatesorGeorgianaSloughin


proportiontotheflowsplitateachjunction(Schaffter1980,ascitedinLowetal.2006;Burau


2004).Informationspecificallyindicatesthatproportionallossesofwinter‐runChinookincrease


withtheproportionofflowenteringtheinteriorDeltaduringDecemberandJanuary(Figures3.4‐13


and3.4‐14)(Lowetal.2006).DuringtheNovember–JuneemigrationperiodofCentralValley


salmonids,approximately40–50percentofSacramentoRiverflowenterstheinteriorDeltathrough


theDCCgatesandGeorgianaSloughwhentheDCCgatesareopen,whereasonly15–20percentof


theflowentersthroughGeorgianaSloughwhentheDCCgatesareclosed(Lowetal.2006).In


additiontoeliminatingentrytotheinteriorDeltathroughtheDCCgateswhentheyareclosed,


closureoftheDCCgateshasalsobeenshowtoredirectthemigrationrouteofaportionofjuvenile


SacramentoRiverbasinfishthroughSutterandSteamboatSloughsinthenorthDelta,reducingthe


fractionoffishexposedtoentrainmentatGeorgianaSlough(Perry2010;Perryetal.2013).


Theseresultsareconsistentwithmodelingofthemovementsofacousticallytaggedfishinresponse


tohydrodynamicconditionsatDeltajunctions.Themodelingindicatesthattheproportionofflow


enteringvariouschannelsisanimportantpredictorofrouteselectionintheDelta(Cavalloetal.


2015).Atchanneljunctionsdominatedbytidalinfluence(interiorDeltachannels),riverinflowand


diversionshadrelativelysmalleffectsonpredictedfishroutingbecauseofthelargeinfluenceof


tidalactiononthedirectionandvolumeofflow.Thelargesteffectofriverinflowandexport


pumpingonpredictedfishroutingwasatjunctionsdominatedbyriverineflow(SacramentoRiver


atGeorgianaSlough)andchanneljunctionswithdirectconnectionstotheCVPandSWPpumping


facilities(SanJoaquinRiveratOldRiver)(Cavalloetal.2015).Thisstudyissupportedbyother


recentevidenceshowingthattheinteractionoftidalflowswithriverinflowsanddiversionscan


haveastronginfluenceonthemigrationrouteofindividualfishthroughtheDelta(Perry2010).


ModelingresultshavealsosuggestedthatdiurnaloperationsofDCCwithgateclosuresatnightmay


benearlyaseffectiveatreducingentrainmenttotheinteriorDeltaasseasonalclosures(Perryetal.


2015).
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Figure 3.4‐13. Relationship between the Mean Proportion of Flow Diverted into the Interior Delta
in January and the Proportion of Juvenile Winter‐Run Lost at the CVP and SWP Pumping Facilities
(losses divided by the juvenile production index) October 1 through May 31, 1996–2006 (from Low
and White 2006)










Figure 3.4‐14. Relationship between the Mean Proportion of Flow Diverted into the Interior Delta
in December and the Proportion of Juvenile Winter‐Run Chinook Salmon Lost at the CVP and SWP
Pumping Facilities (losses divided by the juvenile production index) October 1 through May 31,
1995–2006 (from Low and White 2006)
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Otherstudiesinvolvingmark‐recaptureexperimentsanddetailedhydrodynamicanalysishave


shownthatentrainmenttotheinteriorDeltaviatheDCCandGeorgianaSloughdependsmore


directlyoninstantaneouschannelvelocitiesthandailyortidallyaveragedflowsandthecross


sectionallocationofjuvenilesalmonintheSacramentoRiver(Burau2004,2014;Steeletal.2013;


Perryetal.2015).However,thesevelocitiesarisefromtheinteractionofinflowfromupstreamand


tidalflow,soentrainmentcanbeminimizedifinflowsaresufficienttopreventtidalreversalsatDCC


andGeorgianaSlough(Burau2014;Perry2010;Perryetal.2015).Flowsof17,000(USDOI2010)to


20,000cfs(Perryetal.2015)atFreeportaresufficienttopreventthesereversalsandareexpected


tominimizeentrainmentofmigratingSacramentoValleyjuvenilesalmonidstotheinteriorDelta


(Table3.4‐7).


USGShasrecentlyconductedpilotstudiestoevaluatetheeffectivenessofnon‐physicalbarriers


includingabio‐acousticfishfence(BAFF)thatmakesuseoflight,sound,andbubbles,andafloating


fishguidancestructure(FFGS)comprisedofafloatingboom.Initialresultshaveshownthatthe


BAFFismarginallyeffective,reducingentrainmenttoGeorgianaSloughfrom22.3percentto


7.7percentinanexperimentconductedoverarangeofflowconditions(Perryetal.2014).Apilot


studyusingonlyafloatingboomFFGSshowednoeffectonentrainmenttoGeorgianaSlough,


althoughsimilarstructureshavebeeneffectiveintheColumbiaRiversystemandadditionalstudies


areongoingintheDelta(Perryetal.2014a).


Interior Delta Flows

DeltaexportsaffectsalmonmigratingthroughandrearingintheDeltabymodifyingtidally


dominatedflowsinthechannels.Itis,however,difficulttoquantitativelyevaluatethedirectand


indirecteffectsofthesehydrodynamicchanges.Deltaexportscancauseafalseattractionflow


drawingemigratingfishtotheexportfacilitieswheredirectmortalityfromentrainmentmayoccur


(USDOI2010,p.29;Monismithetal.2014).Moreimportantthandirectentrainmenteffects,


however,maybetheindirecteffectscausedbyexportoperationsincreasingtheamountoftime


salmonspendinchannelizedhabitatswherepredationishigh(USDOI2010,p.29).Steadyflows


duringdrierperiods(asopposedtopulseflowsthatoccurduringwetterperiods)mayincrease


theseresidencetimeeffects(USDOI2010,p.30).


DirectmortalityfromentrainmentatthesouthDeltaexportfacilitiesismostimportantforsalmon


andsteelheadfromtheSanJoaquinRiverandeastsidetributaries(USDOI2010,p.29).Juvenile


salmonidsemigratedownstreamontheSanJoaquinRiverduringthewinterandspring(Table3.4‐


1).SanJoaquinsalmonidsareatriskofentrainmentattheexportfacilitiesfirstattheheadofOld


River,wherearockbarrier(HeadofOldRiverBarrier,HORB)istypicallyinstalledinlatespring


(Chapter2).TheHORBdirectsthemajorityofSanJoaquinRiverflowdownthemainstemoftheSan


JoaquinRiver,reducingtheamountofflowthatentersOldRiverandpreventingSanJoaquinRiver


salmonidsfrommigratingdownOldRiver,adirectroutetotheProjectexportfacilities.Tagging


studiesandmodelinghavegenerallydemonstratedthatinstallationoftheHORBimprovesthe


survivalofemigratingjuvenileChinooksalmonfromtheSanJoaquinbasininspring(SJRGA2008;


BrandesandMcLain2001;Newman2008).SurvivalofemigratingsalmonidsfromtheSanJoaquin


Riverhasbeendecliningsincethe1990s(Perryetal.2016).Intherecentlow‐survivalcondition,


onerecentstudyfoundthatsalmonhadhighersurvivalwhentheyweresalvagedattheCVP,and


weretruckedbacktoreleasepointsnearChippsIslandthanfishthatstayedintheSanJoaquinRiver


channelandmigratednaturallythroughtheDeltatoChippsIsland(Buchananetal.2013).However,


thisresultwasobservedwithanonphysicalbarrierattheHeadofOldRiver,anditispossiblethat


theadditionalflowpresentintheSanJoaquinRiverwhentheHORBisinplaceisneededtoincrease


survivalofjuvenilesemigratingthroughtheSanJoaquinRiver(Perryetal.2016).
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Table 3.4‐7. Sacramento River and Interior Delta Flows to Increase the Abundance and Survival of Chinook Salmon Populations. Listed flows
(cfs) are the monthly average of net daily outflow at Rio Vista unless noted otherwise. Though not specifically identified below in the
summary of survival and abundance relationships, tributary flows are also needed to provide for connectivity, rearing and passage.

 

Months


Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec


Emigrationflowsforjuvenilefall‐run1,6 >20,000      


Emigrationflowsforjuvenilewinter‐run1,2 >20,000        


GeorgianaSlough2 17,000–20,000      


SanJoaquinatJerseyPoint3 PositiveFlow    PositiveFlow


OMRreverseflow4 ‐2,500to‐5,000       


SanJoaquinRiverexportconstraint5  1:1–4:1    >0.3  


1 Theflowmayalsoaidjuvenilespring‐runandsteelhead.BothspeciesemigrateoutoftheDeltabetweenFebruaryandMay.

2 FlowatFreeport.

3 5‐daytidallyaveragednetflow;whensalmonarepresent.

4 14‐dayrunningaverageoftidallyfilteredflowatOldandMiddleRivers.

5 SanJoaquinatVernalistothesumofCVPandSWPexportswhensalmonarepresent.

6 FlowatRioVista.
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SalmonidsfromtheCalaverasRiverbasinandtheMokelumneRiverbasinalsousethelowerSan


JoaquinRiverasamigrationcorridor.ThislowerreachoftheSanJoaquinRiverbetweenthePortof


StocktonandJerseyPointhasseveralsidechannelsleadingtowardtheexportfacilitiesthatdraw


waterthroughthechannelstotheexportpumps(NMFS2009a,p.651).Particletrackingmodel


(PTM)simulationsandacoustictaggingstudiesindicatethatmigratingfishmaybedivertedinto


thesechannels(Vogel2004;SJRGA2006,p.68;SJRGA2007,pp.76–77;NMFS2009a,p.651).


Analysesindicatethattaggedfishmaybemorelikelytochoosetomigratesouthtowardtheexport


facilitiesduringperiodsofelevateddiversionsthanwhenexportsarereduced(Vogel2004).


StatisticalanalyseshavealsoshownthatsalvageofjuvenilesalmonidsatCVP/SWPfacilities


increaseswithwaterexports(Kimmerer2008;NMFS2009a,pp.368–371;ZeugandCavallo2014).


Manyadditionaluncountedfisharelosteachyearbecauseofpre‐screenmortalityandsalvage


makingitisdifficulttoevaluatethepopulation‐leveldirecteffectsofexports(Kimmerer2008;


NMFS2009a,pp.341–352;ZeugandCavallo2014).


Similarly,salmonthatentertheSanJoaquinRiverthroughtheDCCorGeorgianaSloughfromthe


SacramentoRivermayalsobevulnerabletoexporteffects(NMFS2009a,p.652).Whilefishmay


eventuallyfindtheirwayoutoftheDelta,migratorypathsthroughtheCentralDeltachannels


increasethelengthandtimethatfishtaketomigratetotheoceanincreasingtheirexposureto


predation,increasedtemperatures,contaminants,andunscreeneddiversions(NMFS2009a,pp.


651–652).


RegressionandPTManalyseshavebeenusedtodeterminetheriskofsalvagetojuvenilesalmon


andsteelheadandtoestablishOMRreverseflowratesthatminimizetheriskofentrainmentand


loss.DWRregressedthemonthlylossofjuvenilesalmonagainstaveragemonthlyOMRreverseflow


ratesbetweenDecemberandApril,showingthatlossofjuvenilefishattheCVPandSWPpumping


facilitiesincreasedexponentiallywithincreasingOMRreverseflows(Figures3.4‐15and3.4‐16)


(NMFS2009a,pp.361–362).Bothfacilitiesshowasubstantialincreaseinlossaround‐5,000cfsin


mostmonths(NMFS2009a,pp.361–362).Thelossoffishisalmostlinearatflowsbelowthislevel


butincreasesrapidlyatmorenegativeflows.PTManalysesindicatethatasnetreverseflowsinOld


andMiddleRiversincreasefrom‐2,500cfsto‐3,500cfs,entrainmentofparticlesinsertedatthe


confluenceoftheMokelumneandSanJoaquinRiversincreasefrom10percentto20percentand


thenagainto40percentwhenflowsare‐5,000cfs(NMFS2009a,pp.651–652).Basedonthese


findings,theNMFS’sBiOpincludesrequirementsthatexportsbereducedtolimitnegativenetOld


andMiddleRiverflowsof‐2,500cfsto‐5,000cfsdependingonthepresenceofsalmonidsfrom


January1throughJune15(NMFS2009a,p.648).Whilefisharenotneutralparticles,theyoften


respondtoflowandvelocityfieldsthatdirecttheirmigration,especiallyattheearliestlifestages


(KimmererandNobriga2008).PTMresultsprovideavaluableapproximationofhydrodynamic


effectsonrouteselection.
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Figure 3.4‐15. Relationship between OMR Reverse Flows and Entrainment at the Federal Pumping
Facility, 1995–2007 (from NMFS 2009a)













Figure 3.4‐16. Relationship between OMR Reverse Flows and Entrainment at the State Pumping
Facility 1995–2007 (from NMFS 2009a)
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InadditiontoeffectsofnetreverseflowsinOldandMiddleRivers,analysesconcerningtheeffectsof


netreverseflowsintheSanJoaquinRiveratJerseyPointwerealsoconductedanddocumentedinthe


USFWS1995WorkingPaperonRestorationNeeds,HabitatRestorationActionstoDoubletheNatural


ProductionofAnadromousFishintheCentralValleyCalifornia(1995WorkingPaper,USFWS1995).


TheseanalysesshowthatnetreverseflowsatJerseyPointdecreasethesurvivalofsmoltsmigrating


throughthelowerSanJoaquinRiver(Figure3.4‐17)(USFWS1992).Netreverseflowsonthelower


SanJoaquinRiveranddiversionsintothecentralDeltamayalsoresultinreducedsurvivalfor


SacramentoRiverfall‐runChinooksalmon(USFWS1995,p.3Xe‐19).Basedonthesefactors,net


positiveflowatJerseyPointbetweenOctoberandJuneisexpectedtoimprovethesurvivalof


emigratingjuvenileChinooksalmon(Table3.4‐7).








Figure 3.4‐17. Temperature Corrected (to 610F) Survival Indices for CWT Salmon Smolt Released at
Jersey Point and Recovered at Chipps Island between 1989 and 1991. Flow estimates were the
5‐day mean value starting on the release date (from USFWS 1992).




FlowsontheSanJoaquinRiverversusexportsalsoappeartobeanimportantfactorinprotecting


SanJoaquinRiverChinooksalmon.Variousstudiesshowthat,ingeneral,juvenilesalmonreleased


downstreamoftheeffectsoftheexportfacilities(JerseyPoint)havehighersurvivaloutofthe


Deltathanthosereleasedclosertotheexportfacilities(NMFS2009a,p.74).Studiesalsoindicate


thatSanJoaquinRiverbasinChinooksalmonproductionincreaseswhentheratioofspringflows


atVernalistoexportsincreases(CDFG2005;SJRGA2007ascitedinNMFS2009a,p.74).


However,itshouldbenotedthattheflowatVernalisisthemoresignificantofthetwofactors.


IncreasedflowsintheSanJoaquinRivermayalsobenefitSacramentobasinsalmonbyreducing
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theamountofSacramentoRiverwaterthatispulledintothecentralDeltaandincreasingthe


amountofSacramentoRiverwaterthatflowsouttotheBay(NMFS2009a,p.74–75).Basedon


thesefindings,theNMFSBiOpcallsforexportrestrictionsfromApril1throughMay31withSan


JoaquinRiveratVernalisflowstoexportratiosrangingfrom1.0to4.0basedonwateryeartype,


withunrestrictedexportsaboveflowsof21,750cfsatVernalis,inadditiontootherprovisionsfor


healthandsafetyrequirements(NMFS2009a,p.73–74).TheNMFSBiOpalsorequiresa6‐year


acoustictaggingstudyofsteelheadsurvivalinthesouthDeltatoinformfuturemanagement


(NMFS2009a,pp.645–648).


In2013,thefederaldistrictcourtwithcontinuingjurisdictioninthelitigationovertheUSFWS


Deltasmeltbiologicalopinion(USFWSBiOp)andtheNMFSsalmonidBiOp(NMFSBiOp)forCVP


andSWPDeltaoperationsgranteddefendantsandplaintiffintervenorsadelayinthedeadlineto


developrevisedBiOpssothatthosepartiescouldparticipateinCSAMP(TheConsolidatedDelta


SmeltCases,TheConsolidatedSalmonidCases,OrderReMotiontoExtendRemandSchedule,United


StatesDistrictCourtfortheEasternDistrictofCalifornia(March5,2014)Case1:09‐cv‐00407‐LJO‐


BAM).ThestatedgoalofCSAMPisforthestateandfederalfisheriesagenciestodeveloparobust


scienceandadaptivemanagementprogramwithcollaborationofthescientistsandexpertsfrom


boththestateandfederalcontractorsforSWP/CVPsuppliesandnon‐governmental


environmentalorganizations.AspartofCSAMP,aCAMT,andSalmonidScopingTeam(SST)were


formedtoevaluateChinooksalmonandsteelheadsurvivalinthesouthDelta(SST2017a,2017b).


Amongotherfactors,theSSTinvestigatedtheeffectofexportsonjuvenilesalmonidsurvival


throughtheDelta.TheSSTdidnotfindastatisticallysignificantrelationshipbetweencombined


CVPandSWPexportratesandsurvivalbaseduponmodelingresultsbyNewman(2008),Zeug


andCavallo(2013)andadditionalanalysisbytheSST.However,theSSTfoundthatthelackofa


statisticalrelationshipmaybeduetothestrongcorrelationbetweeninflowsandexportsandthe


lackofsurvivaldataforhighexportrates(SST2017c,pp.E‐83‐84).Theseissuesshouldbefurther


evaluatedinthefutureintheadaptivemanagementcontextrecommendedinChapter5.


TheSSTalsoevaluatedtherelationshipbetweenSanJoaquinRiverinflowtoexportratios(I:E)


andjuvenilesalmonidsurvivalthroughthesouthDelta.TheSSTdeterminedthatapositive


correlationexistedbetweenI:Eratioslessthan3inAprilandMayandsurvivalofcodedwire


taggedjuvenilefallrunChinooksalmonwiththeHORBinplace(SJRGA2007).Norelationship


existedwithoutthebarrier.TheSJRGA(2007)alsocomparedadultescapementagainstI:Eratios


2.5yearsearlierfordatafrom1951through2003andfoundapositiveassociation.TheSST


(2017c)updatedtheescapementanalysisthrough2012andfoundsimilarresults.These


conclusionsareconsistentwiththehypothesisthathigherI:Eratiosresultinhigherjuvenile


survivalthroughtheDelta(SST2017c).JuvenilesalmonidsmigrateoutoftheSanJoaquinbasin


duringFebruarythroughJune(StateWaterBoard2012),andmayneedprotectionfromexport‐


relatedmortalityatanytimeduringthisperiodinordertopreservelifehistorydiversity.Although


peakemigrationoccursinAprilandMay(Figure3.4‐10),recentresearchhasshownthatindividuals


leavingtheirnataltributariesasfryinFebruaryandMarchcanmakeupasubstantialfractionof


individualsthatultimatelyreturntospawn(Sturrocketal.2015).
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3.5 Longfin Smelt (Spirinchus thaleichthys)

3.5.1 Overview

LongfinsmeltwereonceacommonspeciesintheSanFranciscoestuarybutthepopulationhas


declinedandisnowaboutone‐tenthof1percentofitsabundancewhensamplingbegan50years


ago.TheabundanceofjuvenilelongfinsmeltinthefallispositivelycorrelatedwithDeltaoutflow


duringthepreviousspawningseason.Averagedailyoutflowsof42,800cfsinJanuarytoJuneare


associatedwithafiftypercentprobabilityofpositivepopulationgrowth.Adultandjuvenilelongfin


smeltarevulnerabletoentrainmentattheCVPandSWPpumpingfacilitieswhenthepopulation


migratesintothecentralDeltaduringthespawningseason.However,entrainmentisnolonger


consideredaseriouspopulationleveleffectiftheUSFWS(2008)DeltasmeltBiOpandtheCDFW


longfinsmeltITPforSWPDeltaoperationsareenforced,whichrequireOMRreverseflowsbetween


‐1,250and‐5,000cfswhenfisharepresentinthecentralDelta.


3.5.2 Life History

Longfinsmeltareanativesemi‐anadromous,openwaterfishmovingbetweenfreshwaterand


saltwater(CDFG2009;Wang2007).Longfinsmeltgenerallylive2yearswithfemalesreproducing


intheirsecondyear(Moyle2002;CDFG2009).AdultsspendtimeinSanFranciscoBayandmay


gooutsidetheGoldenGate(RosenfieldandBaxter2007;Wang2007).AdultsaggregateinSuisun


BayandthewesternDeltainlatefallandmigrateupstreamtospawnaswatertemperaturesdrop


below18˚C.(CDFG2009;Wang2007;Baxteretal.2009).SpawninghabitatintheDeltais


betweentheconfluenceoftheSacramentoandSanJoaquinRivers(aroundPointSacramento)to


RioVistaontheSacramentosideandMedfordIslandontheSanJoaquinRiver(Moyle2002;Wang


2007).ReproductiveactivityappearstodecreasewithdistancefromtheLSZ,sothelocationofX2


influenceshowfarspawningmigrationsextendintotheDelta(Baxteretal.2009).Larvae


spawnedinthe2partsperthousand(ppt)LSZweremostabundantinsub‐adultandadult


surveyslaterintheyear(Hobbsetal.2010).SpawningtakesplacebetweenNovemberandApril


withpeakreproductioninJanuarytoaslateasAprilwhenwatertemperatureisbetween8andup


to14.5OC(Emmettetal.1991;CDFG2009;Wang1986,2007).Eggsaredepositedonthebottom


(MartinandSwiderski2001;CDFG2010b)andhatchbetweenDecemberandMayintobuoyant


larvaewithapeakhatchinFebruary(CDFG2010b;Bennettetal.2002).NetDeltaoutflow


transportsthelarvaeandjuvenilefishbackdownstreamtohighersalinityhabitats.Larvae,


juvenilesandadultsfeedonzooplankton(Slater2008).


3.5.3 Population Abundance Trends Over Time

LongfinsmeltpopulationabundanceintheBay‐Deltahasdeclinedsignificantlysincethe1980s


(Moyle2002;RosenfieldandBaxter2007;Baxteretal.2010).Thomsonetal.(2010)examined


trendsinabundanceusinglongtermdatasetsfromtheFMWTandtheSanFranciscoBaymidwater


andottertrawlstudiesandfoundastatisticallysignificantdecreaseinlongfinsmeltabundanceover


time.StateWaterBoardstaffreexaminedtheinter‐annualtrendintheFMWTindexusingdata


collectedthrough2016andfoundastatisticallysignificantdecreasingtrend(R2=0.51,P<0.001,two‐
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sidedt‐test)(Figure3.5‐1).Currentindicesofpopulationabundancearelessthantwotenthsofone


percentoftheearliestlevelsobservedintheFMWT.15


ThemostrecentFMWTindicesareaboutfivepercentoftheindicesobservedintheearly2000s16


indicatingthatthepopulationhascontinuedtodeclinesincerevisedDeltaoutflowrequirements


wereimplementedinD‐1641.Thelast3yearsofthetrendoccurredduringadrought,which


undoubtedlycontributedtothedecline;however,thetimesince2000alsoincludeddryperiods.As


discussedinChapter4,multiplestressorsinadditiontoflowmayberesponsibleforthedecline


(Sommeretal.2007).








Figure 3.5‐1. Inter‐Annual Trend in the FMWT Index for Longfin Smelt (1967 to 2016). The solid
orange line is the least squares linear regression of the logarithm of the FMWT index against
years. The slope of the regression differs significantly from zero (R2=0.51; P<0.001, two‐sided
t‐test).




TheBay‐Deltadistinctpopulationsegment(Bay‐DeltaDPS)oflongfinsmeltiscurrentlyacandidate


forlistingundertheFederalEndangeredSpeciesAct(74FR16169).In2012theUSFWSdetermined


thatlistingtheBay‐DeltaDPSoflongfinsmeltwaswarrantedbutprecludedbyhigherpriority


actionsatthetimeofpublication(77FR19755).In2009theFishandGameCommissionlisted


longfinsmeltasthreatenedunderCESA(CDFG2009).




15Thedecreasewasestimatedfromtheaverageofthefirstfive(1967–1971)andthelastfive(2012–2016)annual


FMWTindexvaluestoaccountforinter‐annualvariability.

16ThedecreasewasalsocalculatedfromtheaverageofthefirstfiveFMWTindexvaluesafterimplementationof

D1641(2000–2004)andthemostrecent5years(2012–2016).
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3.5.4 Flow Effects on Longfin Smelt

3.5.4.1 Delta Outflow

ThepopulationabundanceoflongfinsmeltinfallispositivelycorrelatedtoDeltaoutfloworX2asits


proxyduringthepreviouswinterandspring(Jassbyetal.1995;RosenfieldandBaxter2007;


Kimmerer2002b;Thomsonetal.2010;Maunderetal.2015;StevensandMiller1983;Nobrigaand


Rosenfield2016).Statistically,thestrongestrelationshipiswithoutflowbetweenJanuaryandJune.


Thesemonthscorrespondtowhenadultsarereproductivelyactiveandtheirlarvaehatch,rearand


arecarriedbackdownstreamtomoresalinewater.


StateWaterBoardstaffconductedananalysisusingthemostrecentFMWTsurveydatato


determinewhetherlongfinsmeltabundanceisstillcorrelatedwithDeltaoutflow.Theflow‐


abundancerelationshipwasestimatedfollowingthemethodsofKimmerer(2002b)usingdata


collectedbetween1967and2016(Figure3.5‐2).Twostepchangeswereincluded,thefirst


followingtheinvasionoftheclamPotamocorbula(year>1987),andthesecondfollowingthepelagic


organismdecline(year>2002).Nostatisticalsupportwasfoundforinteractionsbetweenslopeand


timeperiod.TheseresultsareconsistentwiththoseofKimmerer(2002b),whoreportedastep


declineinlongfinsmeltrecruitmentperunitDeltaoutflowaftertheclaminvasion,andThomsonet


al.(2010),whoreportedasecondstepdeclineincatchpertrawlafterthepelagicorganismdecline.


Higheroutflowinwinterandspringisassociatedwithmoresmeltinfall.Theregressionanalysis


doesnotconsiderthepotentialimportanceofspawningstocksizeonsubsequentrecruitment


(NobrigaandRosenfield2016).Moreadultstockcouldresultingreaterrecruitmentthanpredicted


basedonflowalone.





Figure 3.5‐2. FMWT Index Values for Longfin Smelt Regressed against January through June
Average Daily Delta Outflow for 1967–2016 with Step Changes following 1987 and 2002. Black and
orange points and lines are for years before and after the invasion of Potamocorbula in 1987,
respectively. Blue points and lines represent the post‐pelagic organism decline period, beginning
2003. The estimates of flow responses and step changes differ significantly from zero (P<0.001,
two sided t‐tests; R2=0.83). Colored bands around the lines represent 95 percent confidence limits.
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TherecentpatternofwetanddryyearsconfirmstheimportanceofDeltaoutflowsonchangesin


longfinsmeltpopulationsize(Figure3.5‐1).The2011wateryearwaswetwithhighDeltaoutflowin


thewinterandspring.Thefollowing5yearswereclassifiedasbelownormaltocriticallydry.


Longfinsmeltabundanceincreasedin2011anddeclinedinthefollowing5years(Figure3.5‐1).The


responseindicatesthatthelongfinsmeltpopulationisstillabletorespondpositivelytofavorable


environmentalflowconditions.


StateWaterBoardstaffconductedalogisticregressionanalysis17toestimatethemagnitudeofflow


associatedwithpositivelongfinsmeltpopulationusingdatafrom1967to2016(Figure3.5‐3).A


similarapproachwasusedbyTheBayInstitute(TBI)(2010a)inanalysessubmittedforthe2010


FlowCriteriaReport(StateWaterBoard2010)usingdatafrom1988–2007.TheflowsintheState


WaterBoardanalysesassociatedwitha50percentprobabilityofpositivepopulationgrowthwas


42,800cfsbetweenJanuaryandJune,respectively(Figure3.5‐3).Incomparison,TBI(2010a)found


thatpositivepopulationgrowthwaspredictedfor51,000cfsbetweenJanuaryandMarchor35,000


cfsbetweenMarchandMay.Thespecificflowestimatedtocorrespondtoa50percentprobabilityof


populationgrowthissensitivetothechoiceofmonthsandyearsincludedintheanalysis.However,


bothsetsofresultsareindicativeofthepositiveresponseoflongfinsmeltpopulationgrowthtoan


increaseinDeltaoutflows.Deltaoutflowspredictedtoincreasethelongfinsmeltpopulationare


summarizedinTable3.5‐1.







Figure 3.5‐3. Probability of Positive Longfin Smelt Population Growth and 95 Percent Confidence
Limits as a Function of January through June Average Daily Delta Outflow (1967 through 2016).
Dashed lines indicate the flow that is associated with positive population growth in 50 percent of
years. The flow effect differs significantly from zero (P<0.01, two‐sided Wald test).






17LogisticregressionanalysisisdescribedinUpdatedQuantitativeAnalysis(section3.3.1).
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3.5.4.2 Interior Delta Flows

ExportpumpingattheStateandFederalfacilitiesthatcausesOMRreverseflowmayresultinthe


movementoflargenumbersoffish,includinglongfinsmelt,intotheinteriorDeltaandresultintheir


entrainment(USFWS2008;NMFS2009a).Grimaldoetal.(2009a)reportedthat122,747longfin


smeltweresalvagedattheCVPandSWPfacilitiesbetween1992and2005.However,entrainment


lossoffish,includinglongfinsmelt,asaresultofOMRreverseflow,isdifficulttoquantify(Baxteret


al.2009).Estimatesofsalvagedonotaccountforindirectmortalityasindividualsmovedownthe


rip‐rappedchannelstowardthepumpingfacilities,countinginefficienciesatthesalvagefacilities,


lossoffishthatpassthroughthescreenlouvers,andmortalitiesfromhandling,transport,and


releasebackintotheDeltaaftersalvage(Baxteretal.2009).CountsoffishsalvagedattheCVPand


SWPpumpingfacilitiespotentiallyrepresentonlyasmallpartoftheoverallloss(Baxteretal.2009).


Becauseoftheimpreciselossestimates,itisdifficulttoknowwhetherexportpumpinghasa


negativepopulationleveleffectonlongfinsmeltandnostatisticalevidencecurrentlyexists


(Thomsonetal.2010;Maunderetal.2015;MacNallyetal.2010).


Baxteretal.(2009)conductedananalysisofCVPandSWPexportpumpingfortheCDFWlongfin


smeltITPNo.2081‐2009‐001‐03anddeterminedthatadultlongfinsmeltbecamevulnerableto


entrainmentandsalvagebetweenDecemberandMarchasadultsmovedontothespawning


grounds.AdultsalvagewasfoundtohaveaninverselogarithmicrelationshiptonetOMRreverse


flow(Figure3.5‐4).TheOMRsalvagerelationshiphasaninflectionpointaround‐5,000cfswith


salvageoftenincreasingrapidlyatmorenegativereverseflows.Theinflectionpointisusedas


justificationfornotallowingOMRreverseflowtobecomemorenegativethan‐5,000cfswhenadult


longfinsmeltarepresent.





Figure 3.5‐4. Total Salvage of Longfin Smelt between December and March as a Function of
Average Old and Middle River (OMR) Flows during the Same Period for Water Years 1982–1992
(squares) and 1993–2007 (diamonds). OMR estimates for 1982–1992 were based upon
calculations conducted by Lenny Grimaldo; those for 1993–2007 were from measured flows by the
USGS. A single data point with an OMR reverse flow of ‐7,744‐cfs and a salvage value of 20,962
individuals was not included (source: Baxter et al. 2009).
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Baxteretal.alsodeterminedthatjuvenilelongfinsmeltwereatriskofentrainmentbetweenApril


andJune(Figure3.5‐5)(Baxteretal.2009).Likeadultsmelt,salvageofjuvenilesmeltincreases


exponentiallywithincreasednegativeOMRflows.Grimaldoetal.(2009a)foundasimilarnegative


relationshipbetweenjuvenilelongfinsmeltsalvageandthemagnitudeofOMRflow.Thelowest


salvageratesoccurredintheBaxteretal.(2009)analysisatpositiveOMRflows(Figure3.5‐5).


Figure 3.5‐5. (A) Relationship between Average OMR Reverse Flows in April to June and the Sum
of SWP and CVP Juvenile (age‐0) Longfin Smelt Salvage during the Same Time Period, 1993–2007.
(B) Presents the same regression as in (A) excluding 1998 when a protracted SWP export
shutdown allowed longfin smelt larvae to grow to salvageable size in Clifton Court before
pumping resumed and fish salvage re‐commenced. In other years these fish would have passed
through the system as larvae without being counted in the salvage record [from Baxter et al.
2009].




A


B
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Baxteretal.alsofoundthatjuvenilelongfinsmeltsalvagewaspositivelycorrelatedwithX2and


negativelyassociatedwithDeltaoutflowbetweenJanuaryandJune(Figure3.5‐6)(Baxteretal.


2009).SalvageincreasedexponentiallywithincreasingX2ordecreasingDeltaoutflow.Thelowest


salvagerateoccurredatanX2oflessthan60km(Figure3.5‐6).TheDeltaoutflowsalvage


relationshipisusedtojustifysuspendingtheOMRreverseflowrequirementswhenoutflowexceeds


55,000cfs.


EntrainmentoflongfinsmeltatCVPandSWPfacilitiesisnolongerconsideredamajorthreattothe


populationiftheUSFWSDeltasmeltBiOpandCDFWlongfinsmeltITPareenforced(77FR19755;


USFWS2016).





Figure 3.5‐6. (A) Relationship between the Average Location of X2 between January and May and
the Sum of Juvenile (age‐0) Longfin Smelt Salvage between March and July at the SWP and CVP.
(B) Relationship between the Average Location of X2 in April and June and the Sum of Juvenile
(age‐0) Longfin Smelt Salvage for April to June at the SWP and CVP. Salvage was incremented by
one and log 10 transformed [from Baxter et al. 2009].
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Insummary,thesalvageexportpatternisconsistentwithwhatisknownaboutthespawning


migrationhabitsoflongfinsmelt(RosenfieldandBaxter2007;Baxteretal.2009).Adultsmaytravel


fartherintotheDeltainsomelowflowyearstoreproduceandthisincreasesthevulnerabilityof


theiroffspringtoentrainmentfromOMRreverseflow(Figure3.5‐6).Increasedsalvagehappensat


OMRreverseflowsmorenegativethan‐5,000cfs(Figure3.5‐4).Juvenilesalvagealsohasan


exponentialrelationshipwithnegativeOMRflows(Figure3.5‐5).Thelowestsalvageratewas


measuredatpositiveOMRflow(Figure3.5‐5).RangesofOMRreverseflowstobenefitadultand


juvenilelongfinsmeltbyreducingentrainmentattheCVPandSWParesummarizedinTable3.5‐1


andareconsistentwiththeUSFWSDeltasmeltBiOpandtheCDFWITPforlongfinsmelt.


Table 3.5‐1. Delta Outflow and OMR Reverse Flows Indicated to Be Protective of Longfin Smelt
Recruitment. Delta outflows (cfs) are the monthly averages of net daily outflow as calculated by
Dayflow.

Months


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec


DeltaOutflow 42,800      


OMR ‐1,250to‐5,000      





3.6 Green Sturgeon (Acipenser medirostris) and
White Sturgeon (Acipenser transmontanus)

3.6.1 Overview

Greenandwhitesturgeonareanadromous,long‐lived,iteroparous,nativespecies.Greensturgeonis


listedasthreatenedunderthefederalESA.RecruitmentofbothspecieshasbeenepisodicintheSan


Franciscoestuary.YearswithhighprecipitationandlargeDeltaoutflowsinwinterandspringare


associatedwithhigherwhitesturgeonrecruitment(Klimleyetal.2015;Fish2010),andsimilar


relationshipsarelikelyforgreensturgeon.Longlifeandhighfecunditymakeitpossibleforsturgeon


tomaintainastablepopulationwithinfrequenthighoutflowyears.Thegreensturgeonpopulation


sizehasalwaysbeenmuchsmallerthanwhitesturgeonandthishasmadegreensturgeondifficult


tostudy.Functionalflowrequirementsforwhitesturgeonareassumedtobesimilartothoseof


greensturgeon.AverageDeltaoutflowof37,000cfsorlargerbetweenMarchandJulyappearstobe


neededtoconsistentlyproducestrongwhitesturgeonrecruitment.Itisassumedthatgreen


sturgeonrecruitmenthasasimilarrelationshiptoflow.


3.6.2 Life History

3.6.2.1 Green Sturgeon

Greensturgeonisananadromous,long‐lived,iteroparous,nativespecies.Femalesbecomesexually


matureatabout17yearsofageandmalesatabout15years(VanEenennaametal.2006;Cechetal.


2000).Adultsmigrateupstreamtospawnevery3to5years(NMFS2005b,2010)selectingriver


reacheswithsmalltolargesizedgravelandturbulenthighvelocitycurrentsforreproduction


(Poytressetal.2015;CDFG2002;Heubleinetal.2009).Adhesiveeggsarebroadcastspawned,
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externallyfertilizedandsinktothebottomintoporesinthegravelwheretheydevelop(Emmettet


al.1991).Femalesproducebetween60,000and240,000eggsperyear(Adamsetal.2002;Van


Eenennaametal.2001,2006;Moyle2002)andmayliveforupto70years,returningrepeatedlyto


theirnatalrivertospawn(VanEenennammetal.2006;Moyle2002).Studiesdemonstratethat


successfulrecruitmentisepisodic.YearswithhighprecipitationandlargeDeltaoutfloware


associatedwithhigherrecruitment(Klimleyetal.2015;Fish2010).


SpawningisbelievedtohavehistoricallyoccurredontheSacramentoRiveraboveShastaDamand


possiblyontheupperFeatherRiver(USFWS1996;Lindleyetal.2004).ConstructionofShastaand


OrovilleDamsblockedupstreamspawningaccessabovethedams(USFWS1996;Beamesderferet


al.2004;CDFG2002).GreensturgeonspawninghasbeendocumentedintheFeatherRiverand


possiblyintheYubaRiver(Seesholtz2014;Bergmanetal.2011).Greensturgeonmoveupstream


fromSanFranciscoBaypassingtheKnightsLandingrotaryscrewtrapontheSacramentoRiverin


April(Heubleinetal.2006).PeakspawningactivityoccursinMayandJune(Emmettetal.1991;


CDFG2002;Poytressetal.2015).SpawningontheSacramentoRiverextendsfromabout36miles


belowtheRBDDtoabout22milesupstream(Poytressetal.2015)andistheprimaryremaining


spawninghabitatforgreensturgeonintheCentralValley(NMFS2005).Coolertemperaturesonthe


upstreamSacramentoRivermaylimittheextentofupstreamspawninghabitatforgreensturgeon


aslaboratorystudiesindicateareductioninhatchingratesandsmallerembryosattemperaturesas


lowas11°C(VanEenennaametal.2005).AveragerivertemperaturebetweenAprilandJuneare


lessthanorequalto11°CabovetheconfluenceofClearCreek18inmostyears(Poytressetal.2015).


YoungsturgeonsremainintheupperSacramentoRiverbetweentheRBDDandHamiltonCityfor


thefirstseveralmonthsbeforebeginningaslowdownstreammigration(CDFG2002).Larvalgreen


sturgeonsareoftenfoundintherotaryscrewtrapattheRBDDandattheGlenColusaCanalinMay


throughJuly(Beamesderferetal.2004;CDFG2002).Juvenilesspendtheirfirstseveralyearsinthe


Deltabeforeemigratingtosaltwater(CDFG2002).Uponenteringtheocean,sub‐adultsremainin


coastalwatersbutmaytravelgreatdistances.TaggedindividualsfromSanPabloBay,California,


havebeenrecoveredinsummerfromasfarsouthasMontereyBay,California,andasfarnorthas


VancouverIsland,Canada,beforereturningthefollowingspringtotheCaliforniaoutercoast


(Lindleyetal.2008).


ThesouthernDPSofgreensturgeonisrestrictedtospawningintheSacramentoRiverbasin(Lindley


etal.2011;Israeletal.2004).Thispopulationsegmentwaslistedasthreatenedin2009(71FR


17757),withcriticalhabitatdesignatedin2009(74FR52300)andtakeprohibitionsestablishedin


2010(75FR30714).


3.6.2.2 White Sturgeon

Whitesturgeonarealsoalong‐lived,latematuring,iteroparousspecies(Moyle2002).Malesand


femalesbecomesexuallymatureataround10and12–16yearsofage,respectively(Moyle2002).


Spawningoccursevery2to4yearsforfemalesandevery1to2yearsformales(Chapmanetal.


1996).Whitesturgeonbegintheirupstreamspawningmigrationinlatefallandearlywinter


triggeredbyincreasedoutflow(Miller1972;Kohlhorstetal.1991;Fish2010;Schaffter1997).


Spawningoccursfrommid‐FebruarythroughJunewithpeakspawningactivityinMarchandMay


(Kohlhorst1976;Schaffter1997).Afterhatching,undevelopedlarvaedispersedownstream.In


laboratorystudies,thedownstreamdispersalstagemaylastforupto6daysbeforelarvaeseek


coverforabout10daystocompleteabsorptionoftheireggsac(Dengetal.2002).Aftertheeggsac




18About15milesupstreamoftheupperlimitofpresentspawninghabitat.
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isabsorbed,larvaeresumetheirdownstreammigrationandbegintofeedatnight(Kynardetal.


2005).OutflowdistributesthelarvaetorearinghabitatsthroughoutthelowerSacramentoRiver


andtheDelta(McCabeandTracey1994;Kynardetal.2005).Highspringoutflowiscorrelatedwith


increasedjuvenilerecruitment(Fish2010;Kolhurstetal.1991).


TheSacramentoRiverbetweenKnightsLandingandColusaistheprimaryspawninghabitatfor


whitesturgeon(Kohlhorst1976)although,somespawninghasbeenobservedintheSanJoaquin


River(Gruberetal.2012;JacksonandVanEenennaam2013).Historically,spawningmayalsohave


occurredinboththeupperFeatherandSacramentoRiverbasinsbuttheseareasarenow


inaccessiblebecauseoftheconstructionofShastaandOrovilleDams(Kohlhorst1976).


Thedietofsturgeonlarvaeisvaried.Thelarvaearebottomfeedersthatforageonwhateverbenthic


preyareavailable(Moyle2002).Laboratorystudiessuggestthatlarvaeconsumeperiphyton,insect


larvae,andzooplankton(BuddingtonandChristofferson1985).Juvenileseatamphipods,mysids,


andlarvalandjuvenilemidges(Schreiber1962;Radtke1966)butalsoconsumeopossumshrimp


andothersmallinvertebratessuchascrabs,clams,andshrimp(Moyle2002).Assturgeonmature,


theybecomemorepiscivorous,consumingherringandtheireggs,anchovies,Americanshad,starry


flounder,andgobies(Radtke1966;McKechnieandFenner1971).Theinvasiveoverbiteclam,


Potamocorbula,hasrecentlybecomeamajorcomponentofthedietofwhitesturgeon(Kogut2008).


3.6.3 Population Abundance Trends Over‐Time

3.6.3.1 Green Sturgeon


AbundanceinformationforgreensturgeonintheSacramentobasincomesfromgeneticstudies.


GeneticanalysishasindicatedthatthesizeofmatingpopulationsabovetheRBDDhasrangedfrom


32to124matingpairsbetween2002and2006(Israel2006ascitedinNMFS2009a)withan


averageof71pairsperyear.Thesegeneticstudiessuggestthatthesizeofthereproductivelyactive


populationwasbetween200and1,250individuals,assumingthatadultsreturnevery3to5years


tospawn(NMFS2009a).Morerecentmonitoringdataindicatethatthemeannumberofadultgreen


sturgeonintheSacramentoRiverbetween2010and2015rangedfromanannuallowof164toa


highof526individuals(personalcommunicationEthanMorainNMFS2015).TheUSFWS(1996)


NativeFishRecoveryPlanrecommendsarestorationgoalofatleast1,000adultfishinthe


SacramentoRiverandDeltaduringspawningseason.


AdeclineingreensturgeonpopulationabundancehasbeeninferredbytheNMFSfromreductions


intheaveragenumberofjuvenilessalvagedannuallyattheSWPandCVPpumpingfacilities(NMFS


2009a).ThemeannumberofsturgeontakenperyearattheSWPwas732individualsbetween1968


and1986anddeclinedto47between1987and2001.Similarly,themeannumberofsturgeon


salvagedattheCVPwas889individualsperyearbetween1980and1986anddeclinedto32


individualsbetween1987and2001(Adamsetal.2002).Similardeclinesareevidentwhensalvage


isnormalizedbytheamountofwaterexported(70FR17386).Salvageestimateshavecontinuedto


belowsince2001(NMFS2009a).


3.6.3.2 White Sturgeon

Abundanceinformationforadultwhitesturgeonintheestuarycomesfromamark‐recapture


populationstudyandotherpopulationestimatesfromtheCDFW(DuBoisetal.2011).Themark‐


recapturestudyestimatedthatin2009therewere70,000–75,000individuals≥102cm(TL)and


3,252–6,539age‐15fish,whichisbelowtheCVPIArecoverygoalof11,000age‐15fish.Population
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estimatesbetween1979and2009aremarkedwithhightemporalvariation,havingbeenashighas


>300,000individuals≥102cm(TL)in1994andaslowas~25,000individualsin1990.


Populationtrendsoflegal‐sizedindividualsarebasedonCommercialPassengerFishingVesselcatch


peruniteffort(CPUE)andfromthemark‐recapturestudyCPUE(DuboisandGingras2013).These


twomeasurementsgenerallytrackoneanotherandindicatethatCPUEishighlyvariablethrough


time.DuBoisandGingras(2013)suggestthatthetrendscanbeexplainedbystrongyearclasses


during1969‐1975andwetyearsintheearly1980sandmid‐tolate1990s.

3.6.4 Flow Effects on Green and White Sturgeon

3.6.4.1 Delta Outflow

Lessinformationexistsontheflowneedsofgreensturgeonbecauseofthesmallsizeofthe


population.Theassumptionisthatthisspeciesneedsflowsofasimilarmagnitudeaswhitesturgeon


(USFWS1996).Accordingly,theremainderofthisdiscussionfocusesonwhitesturgeon.


WhitesturgeonissampledintheBayStudy.Trendsinabundanceshowlargeannualvariationsin


recruitment.Afewyearsofgoodrecruitmentarefollowedbymultipleyearswithnegligible


production(Figure3.6‐1).Strongrecruitmenteventstypicallyoccurinwetyears,althoughnotall


wetyearsproducegoodrecruitment(forexample1984to1986and1999).Littletonorecruitment


occursindryandcriticallydrywateryears.Longlifeandhighfecunditymakeitpossiblefor


sturgeontomaintainastablepopulationwithinfrequenthighoutflowyears,thoughthepopulation


doesnotappearstableandexhibitsprogressivelydiminishingrecruitmentinrecentwetyears


(Figure3.6‐1).


Figure 3.6‐1. White Sturgeon Year Class Indices for San Francisco Bay from 1980 through 2015
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CDFG(1992a)constructedanindexofwhitesturgeonyearclassstrengthusingBayStudysurvey


datafor1975to1990.ThestrongestrelationshipwaswithoutflowbetweenAprilandJuly.The


largestyearclassesoccurredatDeltaoutflowsgreaterthan60,000cfs.CDFG(1992a)studyalso


evaluatedSWPsalvagedatafrom1968to1987.Thestrongestcorrelationswerewithoutflow


betweenAprilandMay.NorecruitmentoccurredataverageDeltaoutflowslessthan20,000cfs.


Gingrasetal.(2014)reanalyzedtheimpactofrecreationalfishingandwateroperationsonwhite


sturgeonpopulationrecruitmentandconfirmedapositiverelationshipbetweenDeltaoutflowin


winterandspringandrecruitment.AverageDeltaoutflowsoflessthan30,000cfshadasmall


probabilityofproducingstrongyearclassesandoutflowsof37,000cfsorlargerbetweenMarchand


Julywereassociatedwitha50percentprobabilityofproducingagoodyearclass.Theanalysisalso


providedevidenceforastock‐recruitmenteffect.Asthenumberofspawningadultsincreased,the


importanceofnetDeltaoutflowdeclined.Gingrasetal.(2014)alsoimplicatedrecreationalfishing


asafactornegativelyaffectingrecruitment.


Fish(2010)analyzedwhitesturgeonyearclassdatafromBayStudycatchdatafor1980through


2006.Thestudyfoundstatisticallysignificantpositivecorrelationsbetweencatchandmeandaily


DeltaoutflowforNovember–FebruaryandforMarch–July(Figures3.6‐2and3.6‐3).Fish(2010)


concludedthatwhitesturgeonyearclassstrengthwasafunctionofbothattractionflowsbetween


November–FebruarythatstimulatedadultupstreammigrationandMarch–Julyflowsthattriggered


spawninganddownstreamtransportofjuvenilefish.Bothflowabundancerelationshipsexhibited


thresholdvaluesaround32,000cfs(log(4.5).Abovethethreshold,recruitmentwasalwayspositive


(Figures3.6‐2and3.6‐3),consistentwithconclusionsfromGingrasetal.(2014).Fish(2010)


observedthattheMarch–Julyrelationshipappearedtobethemorecriticalofthetwofloweventsas


allyearswithhighspringoutflowproducedlargesturgeonyearclassesregardlessofthemagnitude


oftheattractionflowsthatprecededtheminNovember–February(Table3.6‐1).Thisconclusionis


consistentwitharecentreassessmentoftheflowrequirementsforsuccessfulwhitesturgeon


recruitment.ThenewanalysisconcludedthatstrongrecruitmentonlyoccurredintheSacramento


basininwetwateryearswhentheSacramentowateryearindexexceeded10(DuBois2017).Robust


monitoringandspecialstudieswillbeneededtodeterminethecausalmechanisms(temperature,


habitat,foodweb)toestablishprioritiesforhabitatrestorationandthebestflowregimestosupport


successfulreproductionandsurvivorship.
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Figure 3.6‐2. White Sturgeon Year Class Index (YCI) from San Francisco Bay Study Otter Trawl
Catch versus Mean Daily Delta Outflow from November through February (numbers adjacent to
points designate year classes [from Fish 2010])










Figure 3.6‐3. White Sturgeon YCI from San Francisco Bay Study Otter Trawl Catches versus Mean
Daily Delta Outflow for March through July (Numbers adjacent to points designate select year
classes. Log (4.7) is equivalent to a flow rate of 50,000 cfs [from Fish 2010]).
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Table 3.6‐1. Delta Outflow (cfs) Indicated to Be Protective of White and Green Sturgeon. Outflows are
monthly averages.

Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec


DeltaOutflow   >37,000     





3.6.4.2 Interior Delta Flow

GreenandwhitesturgeonhavebeensalvagedattheCVPandSWPpumpingfacilitiesduringall


monthsoftheyear(NMFS2009a).ThepresenceofbothspeciesinsalvageatCVPandSWPpumping


facilitiesindicatesthatthespeciesarevulnerabletoentrainmentfromexports.However,no


statisticalevidenceexiststhatexportsaffectwhitesturgeonpopulationabundance(CDFG1992a,


2002)andtherearecurrentlynootherOMRrestrictionsforgreensturgeonincludedintheBiOpsor


ITPs.


3.7 Sacramento Splittail (Pogonichthys
macrolepidotus)

3.7.1 Overview

Sacramentosplittailisanativespeciesthathasdecreasedinabundance,andtheage0yearclassis


nowabout3percentofitspopulationsizewhensamplingbeganin1967.Splittailspawnonflooded


vegetationinspring.LargerecruitmenthasonlybeenobservedinyearswhentheYoloBypasshas


floodedformorethan30days.Thesizeofthejuvenilesplittailpopulationinfallispositively


correlatedwithDeltaoutflowduringthepreviousspring.Analysespresentedbelowindicatethat


Deltaoutflowsof30,000to47,000cfsareneededbetweenFebruaryandMaytoprovidestrong


splittailrecruitment.TheseareamongthelargestflowsneededbyanyBay‐Deltaestuarinefish


speciesforrecruitment.Themagnitudeoftheseflowsmightbereducedbyinstallinganoperable


gateontheFremontWeir,therebyreducingtheriverstagerequiredtofloodtheYoloBypass.


3.7.2 Life History

Sacramentosplittailisanativecyprinidminnow.TheirdistributionismostlyintheCentralValley


andBay‐DeltaestuaryalthoughsomefishhavebeencollectedintheNapaandPetalumaRivers


(Caywood1974;Moyle2002;Feyreretal.2015).FishcollectedintheNapaandPetalumaRivers


havebeenidentifiedasageneticallydistinctpopulationthathaslimitedoverlapwiththeCentral


Valleypopulation(Baerwaldetal.2008,2007).AnalysisinthisreportisfortheCentralValley


portionofthepopulation.SplittailwerehistoricallyfishedbybothcommercialandNative


Americansandarenowpartofasmallrecreationalfishery(Moyle2002;Moyleetal.2004).


Adultsplittailtypicallylive5to7yearsandbecomesexuallymatureintheirsecondyear(Moyle


2002;DanielsandMoyle1983).AdultsaremostlyobservedinSuisunBayandMarshandinthe


westernDeltaduringsummerandfall.Maturesplittailtypicallymigrateupstreamforspawning


betweenNovemberandMarch(Caywood1974;Moyleetal.2004).Seasonallyinundated


floodplains,vegetatedchannelmargins,andperennialmarshesmaybeusedforspawningand
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rearing(Caywood1974;DanielsandMoyle1983;Feyreretal.2005;Moyleetal.2004).Eggsare


adhesiveandarelaidonsubmergedvegetationandhatchin3to7daysdependingupon


temperature(Wang1986;Moyle2002;Moyleetal.2004).Somejuvenilesremainupstreamduring


theirfirstyearbutmostmigratedownstreaminspringandsummer,eitherpassivelycarriedbyhigh


flowsoractivelyswimmingbecauseofwarmingwatertemperature(Baxter1999;Baxteretal.


1996;Sommeretal.2002;Moyleetal.2004).Afterspawning,adultsplittailgenerallymigrate


downstream(Moyleetal.2004).


LargesplittailrecruitmenteventsonlyoccurwhensufficientflowexiststofloodtheYoloandSutter


Bypassesforextendedperiodsoftime(MengandMoyle1995;Feyreretal.2006;Sommeretal.


1997).Twofactorsappearimportantforsuccessfulfloodplainrecruitment(Feyreretal.2006).


First,itisnecessarytohaveinundatingflowsinJanuaryandFebruarytostimulateandattract


reproductivelyactiveadultstofloodplains.Second,thefloodplainmustremainunderwaterlong


enoughtoalloweggstohatchandlarvaetomatureintocompetentswimmers(Moyleetal.2004).


VerylargesplittailrecruitmenthasonlybeenobservedinyearswhentheYoloBypasshasbeen


floodedfor30ormoredays(MengandMoyle1995;Feyreretal.2006).Thelargestrecruitment


occurredwhentheBypasswasfloodedformorethan50days(MengandMoyle1995).Floodplain


inundationduringthemonthsofMarch,AprilandMayappearstobemostbeneficialforthe


recruitmentofalargeyearclass(Wang1986;Moyle2002).


3.7.3 Population Abundance Trends Over Time

StateWaterBoardstaffreexaminedtheinterannualtrendintheFWMTindexforjuvenilesplittail


recruitmentusingdatacollectedthrough2016andfoundastatisticallysignificantdecreasingtrend


(R2=0.22,P<0.001,two‐sidedt‐test)(Figure3.7‐1).Currentestimatesofpopulationabundanceare


nowabouttwopercentofearlyvalues.TheUSFWSBeachSeinejuvenilesplittailabundanceindex


alsoshowsadeclineinjuvenilepopulationabundance(LaLuzandBaxter2015).Recruitmentinthe


FMWTindexhasdecreasedby91percentsinceimplementationofD‐1641in2000.


The2010FlowCriteriaReport(StateWaterBoard2010)recommendedagoalofstabilizingjuvenile


Sacramentosplittailrecruitmentandbeginningtogrowthepopulation.Thelongtermpopulation


indexvalueandrecoverygoalevaluatedforthisreportwasequaltothemedianFMWTindexfrom


1967to2014asrecommendedbytheStateWaterBoard(2010).ThemedianFMWTvaluebetween


1967and2014was10.TheaverageFMWTindexfrom2012to2014was1andhasnotbeenabove10


since2001(Figure3.7‐1).


SacramentosplittailwaslistedasthreatenedunderthefederalESAin1999butremovedfromthe


listin2003(64FR5963;68FR55139).In2010theUSFWSreevaluatedthestatusofthespeciesand


concludedthatlistingwasnotwarranted(75FR62070).


3.7.4 Flow Effects on Sacramento Splittail

3.7.4.1 Delta Outflow

TheFMWTsurveyindexofSacramentosplittailispositivelycorrelatedwithbothDeltaoutflow


betweenFebruaryandMayandwithdaysofYoloBypassfloodplaininundation(MengandMoyle


1995;Sommeretal.1997;Kimmerer2002b;CDFG1992b).Nochangeintheflowrecruitment


relationshipwasobservedaftertheinvasionofPotamocorbula(Kimmerer2002b).
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Figure 3.7‐1. Sacramento Splittail Population Recruitment as Measured in the FMWT Survey
(1967–2016). The solid line is the least squares linear regression of the logarithm of FMWT index
(incremented by 1) against years. The slope of the regression differs significantly from zero
(R2=0.22; P<0.001, two‐sided t‐test).




StateWaterBoardstaffreassessedtheflowrecruitmentrelationshipwithnewdatacollected


through2016usingthesamemethodemployedbyKimmerer(2002b)(Figure3.7‐2).Thecurrent


relationshipisstillsignificant(P<0.001).MorespringoutflowisassociatedwithahigherFMWT


indexlaterintheyear.Thisisalongstandingflowrecruitmentrelationshipthathasexistedsince


samplingbeganin1967(Kimmerer2002b).IncreasedoutflowbetweenFebruaryandMaycoincides


withthetimingofadultspawningandlarvalrearinginriverinefloodplainsandterracesandinthe


Delta(Moyleetal.2004;MengandMatern2001).Increasedflowincreasesboththeamountof


floodedhabitatalongvegetatedchannelmarginsandtheacreageofinundatedfloodplaininthe


CentralValley(Moyleetal.2004).


Twomethodswereusedtodeterminetheflowrequiredtomeetthepopulationrecruitmentgoal.


First,aregressionanalysiswasconductedwithDeltaoutflowduringtheFebruarythroughMaytime


frameandsplittailrecruitmenttodeterminethat30,000cfswascorrelatedwiththerecruitment


goal(Figure3.7‐2).Second,theUSFWS(1996)recommendedthatSacramentosplittailbe


consideredfullyrecoveredifpopulationabundancereturnedtovaluesmeasuredbetween1967and


1983.Themedianflowduringthis16‐yearperiodwas47,000cfs(Figure3.7‐3).Theseanalyses


suggestthatanaveragedailyDeltaoutflowof30,000to47,000cfsisneededbetweenFebruaryand


Maytomeettherecruitmentgoal(Table3.7‐1).Analternatenon‐flowrelatedrecruitmentgoal


mightbetorecommendthemagnitude,duration,andfrequencyofperiodicfloodingoftheYolo


Bypassandotherfloodplains.
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Figure 3.7‐2. Correlation between the Sacramento Splittail FMWT Index (1967–2016) and Average
Daily Outflow (cfs) between February and May. The slope of the flow recruitment relationship
differs significantly from zero (R2=0.31, P<0.001, two‐sided t‐test). The dotted line indicates that a
flow rate of 30,000 cfs is correlated with the recommended abundance index of 10. The shaded
band represents the 95 percent confidence limits around the regression line.




Figure 3.7‐3. Cumulative Frequency Distribution of Average Daily Outflow between February and
May for 1967 to 1983. The dotted line is the daily average outflow (47,000 cfs) that occurred in
half of all years.
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Table 3.7‐1. Delta Outflow Indicated to Be Protective of Sacramento Splittail. Outflows are monthly
averages [cfs].

 

Months


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec


DeltaOutflow  30,000–47,000       





3.7.4.2 Interior Delta Flow

SacramentosplittailhavebeensalvagedattheCVPandSWPpumpingfacilitiesinmanyyearswhen


SanJoaquinflowsarehighandrecruitmentisgoodthroughouttheBay‐Deltasystem.Theriskof


splittailentrainmentappearsgreatestduringadultupstreamspawningmigrationsandjuvenile


emigrationfromtheDeltainspringandearlysummer(Sommeretal.1997;Moyleetal.2004).In


1998over3millionjuvenilesplittailweretakenattheexportfacilitiesinearlysummer,


representingaquarterofallthefishsalvagedthatyear(Arnold1999;Moyleetal.2004).In2011,


anotherwetyear,almost9millionsplittailweresalvagedattheCVPandSWPpumpingfacilities


(Aasen2012).


Sommeretal.(1997)evaluatedsalvageandpopulationabundanceindicestodeterminetheeffectof


theCVPandSWPoperationsontheSacramentosplittailpopulationsize.Theyfoundthatsalvage


washighestinwetyearswhenpopulationlevelsweregreatestandlossesweretypicallylowindry


years.Sommeretal.(1997)concludedthat,whileentrainmentatCVPandSWPexportfacilitieswas


largeinsomeyears,itdidnothaveameasurableeffectoninter‐annualsplittailpopulationsize.


3.8 Delta Smelt (Hypomesus transpacificus)

3.8.1 Overview

DeltasmeltwereonceacommonnativespeciesintheBay‐Deltaestuary.Mostindividualslive1


yearwithadultsmovingintoareassuchasthenorthernDeltaandSuisunMarshfromSuisunBay


andtheconfluenceoftheSacramento‐SanJoaquinRiverstospawnanddieandtheiroffspring


migratingbacktotheseareastorear.Thereisalsoaresidentyear‐roundfreshwaterpopulationin


theCacheSloughcomplex.IndicesofDeltasmeltpopulationabundancehavedeclinedandthesize


ofthepopulationisnowabout2percentofwhatitwas50yearsago.Since2003thepopulation


abundanceoflarvalDeltasmeltinspringhasbeenpositivelycorrelatedwiththemagnitudeofDelta


outflowduringthepreviouswinter‐springandfallperiods.Deltasmeltareentrainedandlostatthe


CVPandSWPpumpingfacilitieswhenadultsmigrateintotheDeltainwinterandearlyspringto


spawnandagainwhenthelarvaemigratebackdownstreaminlatespringandearlysummer.The


speciesislistedasthreatenedbytheUSFWSandasendangeredbytheCDFW.In2010,USFWS


determinedthatuplistingDeltasmelttoendangeredstatuswaswarrantedbutwasprecludedbythe


needtoaddresshigherpriorityspeciesfirst.


3.8.2 Life History

DeltasmeltareendemictotheDeltaandupperestuary.Thespecieshasanannual,1‐yearlifecycle,


althoughsomefemalesmaylivetoreproduceintheirsecondyear(Bennett2005).Deltasmeltwere


onceacommonpelagicfishspeciesintheupperBay‐Deltaestuary(USFWS1996).
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AdultDeltasmeltundergoanupstreamspawningmigrationfromtheLSZtofreshwater(Grimaldo


etal.2009a),thoughthereisalsoevidenceoffreshwaterresidentsmeltintheCacheLindseySlough


complex,SacramentoRiverDeepwaterShipChannel,andlowerSacramentoRiverinthevicinityof


ShermanIsland(Hobbsetal.2007;Baxteretal.2015).Spawningmigrationsoccurbetweenlate


DecemberandFebruary,typicallyduring“firstflush”periodswheninflowandturbidityincreaseon


theSacramentoandSanJoaquinRiversbecauseofupstreamprecipitation(Grimaldoetal.2009a;


Sommeretal.2011).CatchesofadultDeltasmeltintheUSFWSChippsIslandSurveyandinsalvage


attheCVPandSWPpumpingfacilitiesduringfirstflusheventsarecharacterizedbysharpunimodal


peaks,suggestingthatrapidchangesinenvironmentalconditionsareafactorassociatedwith


population‐levelmigrations(Grimaldoetal.2009a;Sommeretal.2011).Pre‐spawningadultsmove


furthestupstreamduringlowoutflowyears.IfthepopulationmigratesintothelowerSanJoaquin


RiverandtheCentralDelta,thentheriskofentrainmentattheCVPandSWPpumpingfacilitiesis


high,andlessifthemigrationisintothelowerSacramentoRiverandtheCacheSloughcomplex


(KimmererandNobriga2008).


AdultDeltasmeltspawnduringthelatewinterandearlyspring,withmostreproductionoccurring


inAprilthroughmid‐May(Moyle2002).SpawninghabitatincludesGrizzlyIsland,thelower


Sacramento,SanJoaquin,andMokelumneRiversandthenorthern,westernandsouthernDelta


(Wang2007;Hobbsetal.2006).Eggsarenegativelybuoyantandadhesivewithlarvaehatchingin


about13days(Wang1986,2007).TheinitialdistributionofDeltasmeltlarvaeissimilartothatof


theirparentsandpresumablyreflectslarvaeemergingatthelocationswheretheeggswerelaid.


Uponhatchingthelarvaearebuoyantforthefirstseveraldaysbeforebecomingsemi‐buoyant,


stayingnearthebottom(Mageretal.2004).Withinafewweeks,larvaedevelopswimbladdersand


becomepelagicutilizingverticaltidalmigrationstomaintaintheirpreferredlocationintheDelta


(Bennettetal.2002).DegeandBrown(2004)foundthatlarvaesmallerthan20mmrearedseveral


kilometersupstreamofX2.Aslarvaegrowandwatertemperatureincreases,mostlarvaland


juveniledistributionsshiftdownstreamtowardstheLSZ(DegeandBrown2004;Nobrigaetal.


2008).


Deltaoutflowduringlatespringandearlysummeraffectsthedistributionoflarvalandjuvenile


smeltbyactivelytransportingthemseawardtowardtheLSZ(DegeandBrown2004).Lowoutflow


increasesDeltasmeltresidencetimeintheDelta,probablyleadingtoincreasedexposuretohigher


watertemperaturesandincreasedriskofentrainmentattheCVPandSWPpumpingfacilities


(Moyle2002).Oncelarvaedevelopintojuveniles,theybecomecapableofexploitingtidalflowsto


movetonewpreferredhabitat(Bennettetal.2002).MonitoringinJune–Augustshowedthat


suitablehabitatshiftedwestintheDeltatowardtheconfluenceoftheSacramentoandSanJoaquin


RiversandSuisunBay(Nobrigaetal.2008).Preferredjuvenilehabitatinsummerwasdefinedbya


combinationofturbidity,lowsalinityandamoreoptimalwatertemperature.Byfallthecenterof


thedistributionofjuvenileandsub‐adultDeltasmeltistightlycoupledwithX2(Sommeretal.2011)


althoughthisdoesnotmeanthatallDeltasmeltareconfinedtoanarrowsalinityrangebecausefish


occurfromfreshwatertorelativelyhighsalinity(SommerandMejia2013).


LarvalandjuvenileDeltasmeltprimarilyconsumecalanoidcopepods,particularlyEurytemora


affinisandPseudodiaptomusforbesi(Nobriga2002;SlaterandBaxter2014).E.affinisisabundant


onlyduringwinterandspringwhereasP.forbesiiscommoninsummerandfall(Durand2010;


WinderandJassby2011;Merzetal.2016).Thetransitionbetweenthehighabundanceofthetwo


copepodshasbeenhypothesizedtocreatea“foodgap”duringspringandearlysummer(Bennett


2005;Milleretal.2012).TheanalysesofKimmerer(2008)andBaxteretal.(2015)supportthe


hypothesisthatDeltasmeltabundanceandsurvivalfromsummertofallisaffectedbyfood
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availabilityintheLSZ.Thedietsofsub‐adultDeltasmeltarebroaderandincludeahigherfrequency


ofamphipodsandmysidsalongwithP.forbesi(Baxteretal.2015).


3.8.3 Population Abundance Trends Over‐Time

Theabundanceoflarval,juvenileandsub‐adultDeltasmeltDeltasmeltismeasuredinthe20‐mm


Survey(March–July),theSummerTowNetSurvey(STN)(June–August),SpringKodiakTrawlIndex


(January–May),andtheFMWTSurvey(September–December),respectively(Kimmereretal.2009).


AllfoursurveysindicatethattheDeltasmeltpopulationhasdeclinedsignificantlyandisatarecord


lowlevel(LaLuzandBaxter2015).


StateWaterBoardstaffreexaminedtheinter‐annualtrendintheFMWTindexwithdatacollected


through2016andfoundastatisticallysignificantdecreasingtrend(R2=0.53,P<0.001,two‐tailedt‐


test)(Figure3.8‐1).ThemostrecentFMWTindexvaluesareabout2percentofvaluesmeasured


around1967.19Presentindicesareabout5percentofvaluesmeasuredaround2000whenD1641


wasimplemented.Elevenoutofthelast12yearshadthelowestFMWTindexvalueseverrecorded


(Figure3.8‐1).


TheDeltasmeltFMWTindexreboundedin2011,athewetyear(Figure3.8‐1),whenhighoutflows


occurredthroughouttheyear(includingwinter,earlyspringandfall)demonstratingthatdespite


significantdeclines,Deltasmeltarestillabletorespondpositivelytoimprovedenvironmental


conditions.


Figure 3.8‐1. Inter‐Annual Trend in the FMWT Index for Delta Smelt (1967–2016). The solid orange
line is the least squares linear regression of the logarithm of the FMWT index against years.
The slope of the regression differs significantly from zero (R2=0.53; P<0.001, two‐sided t‐test).



19Thedecreasewasestimatedfromtheaverageofthefirstfive(1967–1971)andthelastfive(2012–2016)annual


FMWTindexvaluestoaccountforinterannualvariationinpopulationabundance.Similarly,percentchangeafter

adoptionof1641wascalculatedfromtheaverageofindexvaluesfor2000–2004and2012–2016.
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DeltasmeltwaslistedasthreatenedunderthefederalESAin1993(58FR12863).Asnotedabove,


in2010,USFWSdeterminedthatDeltasmeltshouldbelistedasendangeredbuthasnotyet


reclassifiedthespeciesbecauseofhigherprioritylistingactions(75FR17667).Deltasmeltwasalso


listedasthreatenedunderCESAin1993(CDFW2016c)andasendangeredin2009(CDFW2016c).


Criticalhabitatwasdesignatedin1994(59FR65256).ThecriticalhabitatincludesSuisun,Grizzly,


andHonkerBays,MallardandMontezumasloughsandcontiguouswatersofthelegalDelta(59FR


65256).


3.8.4 Flow Effects on Delta Smelt

MuchresearchhasbeendevotedtoinvestigatingthefactorsresponsibleforthedeclineinDelta


smeltabundance(Bennett2005;Kimmerer2008;Thomsonetal.2010;MaunderandDeriso2011;


Milleretal.2012).Severalfactorshavebeenimplicatedinthedeclineincludingexports(Kimmerer


2008,2011;MaunderandDeriso2011;Roseetal.2013),food(MaunderandDeriso2011;


Hammocketal.2015;Milleretal.2012),summerwatertemperature(MacNallyetal.2010;


MaunderandDeriso2011;Milleretal.2012;Roseetal.2013)andpredators(MaunderandDeriso


2011;MacNallyetal.2010).Emergingevidencealsosuggeststhatspringoutflowmaybemore


criticalfortheproductionoflarvaeandthemaintenanceoftheadultpopulationthanwaspreviously


realized(Baxteretal.2015).Deltaoutflowmayalsobeimportantinsummerandfalltoprovide


criticalhabitatforDeltasmelt(Feyreretal.2007;Baxteretal.2015;CDFW2016d).


3.8.4.1 Winter and Spring Delta Outflow

Historically,DeltasmelthadhighestabundanceindicesatintermediateoutflowsbetweenFebruary


andJuneandgenerallyperformedmorepoorlyatbothextremelyhighandlowoutflow(Baxteretal.


2015).Thisrelationshipdisappearedafter2001(Baxteretal.2015).


MultivariatestatisticalmodellingwasusedtoexplorerelationshipsbetweenspringandfallDelta


outflowandjuvenileabundanceasmeasuredbythe20mmindex.20Thisapproachissimilartothe


methodusedbyJassbyetal.(1995)todescribetheinitialrelationshipbetweenDeltaoutflowand


theabundanceofestuarine‐dependentspecies(Baxteretal.2015).Theanalysesidentifieda


unimodalrelationshipbetweenX2oroutflow(February–June)andthe20mmindexoflarvalDelta


smeltafter2003.TheDeltaoutflowabundancerelationshipbecamestatisticallystrongerwhenthe


20mmindexwasstandardizedbyeitherthenumberofsub‐adultsmeltinthepreviousyear’s


FMWTindex21orbythenumberofspawningadultsintheSKTsurvey22severalmonthsearlier


(Figure3.8‐2).Thestandardizationsuggeststhatboththenumberofavailablespawners(stock‐


recruitmenteffect)andthemagnitudeofspringoutflowareimportantfordetermininglarval


abundance.Morespawningadultsresultinmorelarvae,ifoutflowisgreaterduringthespawning


season.Thespringoutflowandthestock‐recruitmentrelationshipstogetherexplained59to65


percentofthevariationinthe20mmindexforthe11yearsbetween2003and2013(P<0.006)


(Baxteretal.2015).TheBaxteretal.(2015)reportrecommendedthatconclusionsbaseduponthe


relationshipbetweenspringoutflowandDeltasmeltpopulationabundancebeconsidered




20The20mmsurveyisconductedbetweenMarchandJulyandindexestheabundanceoflargelarvaeandsmall


juvenilesmeltwithannualindicesbasedondatafrom2surveyspriorand2surveysaftermeanDeltasmeltlength

reaches20mm.

21TheFMWTsurveyisconductedbetweenSeptemberandDecemberandallowscalculationofanindexofabundanceof


sub‐adultsmelt.

22TheSKTsurveyisconductedbetweenJanuaryandMaytodeterminethedistributionofadultDeltasmelt,and

allowscalculationofanindexofadultsavailabletospawn.
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preliminaryuntiladditionaldata,analysesandreviewwereconductedtoconfirmtherobustnessof


theresults.





Figure 3.8‐2. Adult (panel a, SKT) and Sub‐Adult (panel b, FMWT from previous year) to Larval (20
mm survey) Recruitment Indices as a Function of Spring X2 (February–June) (for the 20 mm/SKT
panel, a linear regression was calculated with and without 2013, which appears to be an outlier.
For the 20 mm/FMWT panel, the period before the POD [1995–2002] and the 2002–2013 period
are plotted [figure reproduced from the 2015 IEP report (Baxter et al. 2015)]).
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3.8.4.2 Summer Outflow

RecentunpublishedscientificevidencesuggeststhatDeltasmeltabundanceinfallispositively


relatedtoDeltaoutflowduringthepriorsummer.ThescienceindicatesthatwhenX2wasgreater


than80‐km(flows≤7,500cfs)betweenJuneandAugust,thenthepopulationexperiencedayear‐


over‐yeardecreaseintheFMWTindex(CDFW2016d).Inaddition,survivalofDeltasmeltin


summer,asmeasuredbyFMWTandSTN,23wasapositivefunctionofDeltaoutflow(CDFW2016d).


MoreflowinJuly,AugustandSeptemberresultedinstatisticallygreatersurvivalfromthejuvenile


tosub‐adultstages(Figure3.8‐3).Bothrelationshipsonlyappearedafter2002,thestartofthe


pelagicorganismdecline.Gartrell(2016)inanunpublishedreportnotedthatoutflowinJuly,August


andSeptemberwaspositivelycorrelatedwithflowinearliermonths,includingspring,whenother


researchhasnotedapositiverelationshipbetweenflowandrecruitment(Baxteretal.2015).The


CDFW(2016d)hypothesizesthatincreasedsurvivalinsummermayresultfromanincreaseinthe


quantityandqualityofavailablefood,adecreaseinthemagnitudeandfrequencyoftoxic


cyanobacterialblooms,areductioninambientwatertemperatureandareductionintheriskof


predationwithanincreaseinsummerflow.





Figure 3.8‐3. Delta Smelt Survival in Fall as a Function of Monthly Mean Delta Outflow (cfs), for
July (top left), August (top right) and September (bottom). Survival is estimated as the quotient of
the FMWT index divided by the STN index. All three relationships are statistically significant.
(From CDFW 2016d).



23TheSTNandFMWTmonitoringoccursbetweenJune–AugustandSeptember–December,respectively.
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3.8.4.3 Fall Outflow

Feyreretal.(2007,2011)usedthepresenceanddistributionofDeltasmeltfromtheFMWTsurvey


todeterminetheenvironmentalcharacteristicsofpreferredDeltasmelthabitatinfallandusedthis


todevelopanabiotichabitatindex.Theindexquantifiestheacreageofpreferredhabitatintermsof


salinityandwaterclarity.TheanalysisfoundthatifX2wasat74kmorfurtherseawardthenthere


wasabout12,000acresofhighqualityhabitatlocatedinSuisunBay(Feyreretal.2011).IfX2was


85kmormorelandward,thentheamountoffavorablehabitatwasabouthalfaslargeandwas


locatedabovetheconfluenceoftheSacramentoandSanJoaquinRivers(Feyreretal.2011).


IntermediateX2valueshadintermediateamountsofsuitablehabitat(USFWS2008).Historically,


fallX2wasoftenlocatedinSuisunBayinwetandabovenormalwateryears.IncreasedCVPand


SWPexportscombinedwithdeclininginflowssince2000infallhavereducedoutflowsand


decreasedtheabiotichabitatindexforsmeltbymovingX2upstreamintotheSacramentoandSan


JoaquinRiversandawayfromSuisunBay(Baxteretal.2015).Thedecreaseinfalloutflowand


reductioninpreferredhabitatishypothesizedtobeonefactorcontributingtothedecreaseinDelta


smeltpopulationabundance.Consistentwiththishypothesisistheobservationthattheabundance


ofjuvenilesmeltinsummerisafunctionofthelocationofX2duringthepreviousfall(USFWS


2008).Basedontheseobservations,theUSFWSBiOprequiresthatDeltaoutflowinSeptemberand


OctoberbemanagedsothatX2isnogreaterthan74km24and81km25inwetandabovenormal


wateryeartypes,respectively(Table3.8‐1)(USFWS2008).Inaddition,theUSFWSBiOprequires


thatallflowintoCVPandSWPreservoirsinNovemberduringwetandabovenormalwateryearsbe


releasedtoincreaseDeltaoutflowandmoveX2furtherdownstream.


Table 3.8‐1. Delta Outflow and OMR Flows Indicated to Be Protective of Delta Smelt. Outflows are
monthly averages [cfs].

 
Water

Year Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec


FallX2 AN         7,100 1 


FallX2 W         11,400 1 


OMR All ‐1,250to‐5,0002      


Summer All       X2≤80Km3   


1 ReleaseNovemberinflowtoSacramentobasinCVPandSWPreservoirstoincreaseDeltaoutflow.

2 14‐dayrunningaverageincfs.

3 Outflow≥7,500cfs.







24ThisX2valueisroughlyequivalenttoasustainedDeltaoutflowof11,400cfs.

25ThisX2valueisroughlyequivalenttoasustainedDeltaoutflowof7,100cfs.
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Baxteretal.2015reportevaluatedtheeffectoffallX2onlarvalDeltasmeltabundanceasmeasured


bythe20mmindex.TheanalysisfoundaninverserelationshipbetweenX2duringthepreviousfall


andtheabundanceoflarvalsmeltinthefollowingspring(Figure3.8‐4).Therelationshipwas


statisticallysignificant(P<0.001)andexplained48percentofthevariationinthe20mmindex.The


relationshipimprovedwhentheindexwasdividedbytheFMWTindexvalueforthepreviousyear.


Forexample,thepreviousfall’sX2valueandtheFMWTindextogetherexplained62percentofthe


variationinthe20mmindexforthe19‐yearperiodbetween1995and2013.Moreoutflowinfall


wascorrelatedwithahigher20mmindexforlarvalDeltasmeltthenextyear.ThefallX2results


alsosupporttheimportanceofastockrecruitmentrelationship,morebreedingadultsledtomore


offspring.




Figure 3.8‐4. Plot of the Delta Smelt 20 mm Survey Abundance Index as a Function of the Location of

the Previous Year’s Fall X2 (figure from Baxter et al. 2015)




3.8.4.4 Interior Delta Flow

AdultDeltasmeltarevulnerabletoentrainmentwhentheymigrateupstreamfromSuisunBayand


entertheDeltatospawn(Baxteretal.2015;Grimaldoetal.2009a).Larvalandjuvenilefisharealso


atriskofentrainmentwhenhatchingandrearingintheCentralDeltaorwhenmovingdownstream


toSuisunBay(USFWS2008).Thelocationofadultspawningdeterminesthedistributionofeggsand


larvae.Insomeyears,alargefractionoftheadultspawningpopulationmoveintotheSacramento


RiverandthenorthDelta.Inotheryears,adultsmigrateintotheSanJoaquinandMokelumneRivers


andthecentralandsouthDelta(USFWS2008).TheriskofentrainmentforDeltasmeltadultsand


larvaeissubstantiallylesswhenindividualsarelocatedinthenorthernDeltathanwhenspawning


occursnearthepumpsinthesouthandcentralDelta(KimmererandNobriga2008;USFWS2008).
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Pre‐spawningadultsaretakeninsalvageastheymigrateintotheDeltabetweenDecemberand


March(Figure3.8‐5,USFWS2008).ThepeakspawningmigrationisinJanuaryandFebruary,


althoughafewadultsaresalvagedasearlyasDecember(Figure3.8‐5).Thecueformassupstream


migrationappearstobeanincreaseinbothoutflowandturbidityfromupstreamprecipitation


events(Figure3.8‐6;Grimaldoetal.2009a).Flowsandturbidityofatleast20,000to25,000cfsand


10to12NephelometricTurbidityUnits(NTU)coincidewithupstreammigration,asindicatedby


peaksinsalvage(Figure3.8‐6).


MostoftheinformationaboutearlystagelarvalDeltasmeltisinferredfromthecollectionofspent


adultfemalesintheSKTsurveyandlarvalfishinthe20mmsurvey.Thecenterofthedistributionof


earlystagelarvalsmeltisdownstreamofthelocationwherespentfemaleDeltasmeltarecaughtbut


upstreamofX2inspring(DegeandBrown2004).Inaddition,ahighpercentageofsmeltarenow


foundyear‐roundinfreshwaterareas,suchastheCacheSloughcomplex,SacramentoDeepwater


ShipChannel,andtoedrainoftheYoloBypass(Merzetal.2011;Sommeretal.2011;Sommerand


Mejia2013).





Figure 3.8‐5. Cumulative Proportional Adult Delta Smelt Salvage by Week for 1993 to 2006 (from

USFWS 2008)
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Figure 3.8‐6. Eight‐Day Running Averages of Adult Delta Smelt Salvage, Total Outflow (m3/s), Turbidity
(NTU) for the Eight Most Abundant Delta Smelt Salvage Years between December 1992 and April 2005
at the SWP and CVP (total Delta outflow and turbidity were standardized to a mean of zero [from
Grimaldo et al. 2009a])




TheriskofentrainmentdependsonthelocationoflarvalandadultDeltaSmeltrelativetotheexport


facilitiesandthemagnitudeofOMRreverseflow(USFWS2008).TheUSFWS(2008)evaluatedadult


salvagebyregressingaverageOMRbetweenDecemberandMarchagainstadultDeltasmeltsalvage


for1984–2007(Figure3.8‐7).TheUSFWSfoundthatsalvageincreasedexponentiallywith


increasinglynegativeOMRreverseflow.AninflectionpointoccurredintheUSFWSsalvagedata


withhighersalvageratesatmorenegativeOMRflowsthan‐5,000cfs.Aninflectionpointat‐5,000


cfsisconsistentwithsimilarincreasesinsalvageforlongfinsmeltandsalmon(Figures3.5‐4and


3.4‐16).TheUSFWS(2008)usedapiecewisepolynomialregressionanalysistoestablishabreak


pointinthedatasetanddeterminedthereverseflowwheresmeltsalvagefirstbegantoincrease.


Theanalysisindicatedthatthisoccurredatabout‐1,250cfssuggestingarelativelyconstantamount


ofentrainmentatOMRreverseflowsmorepositivethan‐1,250cfs.TheUSFWS(2016)determined


intheirspeciesassessmentandlistingpriorityassignmentthatentrainmentatSWPandCVPDelta


facilitiesremainsasignificantongoingthreatfortheDeltasmeltpopulation.
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Figure 3.8‐7. Salvage of Adult Delta Smelt as a Function of OMR Reverse Flows for December
through March (from USFWS 2008)




TheCDFWfoundthatQWEST,thenetlowerSanJoaquinRiverflowpastJerseyPointintheDelta,is


alsoafactorincontrollingentrainment.ApositiveQWESTflowcanprovidenetdownstream


transportfororganismsintheSanJoaquinRiverchannelevenwhenOMRismoderatelynegative


(Baxteretal.2009).


TheconclusionsfromanalysesofthesalvagedataareconsistentwithGrimaldoetal.(2009a)and


USFWSPTMresults.ThePTManalysisconfirmedthattheprobabilityofentrainmentwasafunction


ofthelocationoftheDeltasmeltpopulationandthemagnitudeofOMRreverseflow(USFWS2008).


TogethertheanalysesindicatethatOMRflowsshouldbemaintainedbetween‐1,250and‐5,000cfs


dependinguponthepresenceofDeltasmeltandotherphysicalandbiologicalfactors,including


turbidity,thatareknowntoinfluenceentrainment(Table3.8‐1).Theserecommendationsare


consistentwiththerequirementsofActions2‐3fromthe2008USFWSDeltasmeltBiOpreasonable


andprudentalternative.


3.9 Starry Flounder (Platichthys stellatus)

3.9.1 Overview

StarryflounderisanativespeciesthatspawnsoutsideoftheGoldenGateandwhoseyoungare


transportedintobrackishfreshwaterhabitatintheupperestuaryongravitationalbottomcurrents.


YoungstarryflounderrearforseveralyearsintheDeltabeforereturningtotheocean.Indicesof
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populationsizearepositivelycorrelatedwithDeltaoutflowinspring.AnaverageDeltaoutflowof


21,000cfsisneededbetweenMarchandJunetoimprovepopulationabundance.


3.9.2 Life History

AdultsareprimarilyamarinefishwithageographicdistributionfromSantaBarbara,California,to


theCanadianArctic(Moyle2002;MillerandLea1972).StarryflounderaretakenintheCalifornia


commercialandrecreationalfishery(Wang1986;Haugen1992;Moyle2002).TheSanFrancisco


estuaryservesasrearinghabitatforthisbenthicspecies(Moyle2002).


Starryflounderspawninshallowcoastalmarinewatersadjacenttosourcesoffreshwaterbetween


NovemberandFebruary(Orcutt1950).Thepelagiceggsandlarvaearebuoyantandarefound


mostlyintheupperwatercolumn(Orcutt1950;Wang1986).Afterabouttwomonthsthelarvae


settletothebottomandaretransportedbytidalcurrentsintonearbyfreshwaterandbrackish


water,likeSanFranciscoBay,betweenMarchandJune(Baxter1999).Thejuvenilesspendthenext


severalyearsinfreshwaterandestuarinewaters(HaertelandOsterberg1967;Bottometal.1984;


Wang1986;Baxter1999).StarryflounderarecommoninSanPabloBayandSuisunBayandMarsh


andcanbefoundupstreamofhereinlowflowyears(HaertelandOsterberg1967;Bottometal.


1984;Wang1986).Theabundanceanddistributionofstarryflounderisnotaffectedbyentrainment


attheCVPandSWPexportsastheirdistributionisdownstreamoftheinfluenceofthetwopumping


facilities(Baxter1999b).Thedistributionofstarryflounderisaffectedbytemperaturewithfish


mostoftenfoundattemperaturesof10–20°C(Wang1986;Moyle2002).


Starryflounderfeedonavarietyofinvertebrates.Pelagiclarvaeprimarilyconsumemarine


planktonicalgaeandsmallcrustaceans.Benthicfloundereatsmallcrustacea,barnaclelarvae,


polychaeteworms,andmolluscs(Orcutt1950;Wang1986).Thedietinbrackishandmarinewater


issimilar(Porter1964;Ganssle1966;Moyle2002)


3.9.3 Population Abundance and Trends Over Time

Thepopulationabundanceofyoungoftheyearandof1‐year‐oldstarryflounderintheBay‐Delta


estuaryhasbeenmeasuredbytheSanFranciscoBayStudysince1980andisreportedasanannual


index.Althoughtherehasbeenconsiderableinterannualvariability,astatisticaltrendinabundance


of1‐year‐oldstarryflounderhasoccurredsincesamplingbeganin1980(R2=0.22;P<0.05)(Figure


3.9‐1).TherehasbeenlittleornoadditionaldeclinesinceimplementationofD‐1641in2000.The


largedropinpopulationabundancein2014coincideswiththerecentdrought.Similardecreasesin


abundanceoccurredinearlierdroughtsandwerefollowedbyareboundinthepopulationin


succeedingyears.
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Figure 3.9‐1. Population Abundance of 1‐Year‐Old Starry Flounder as Measured in the San
Francisco Bay Study (1980–2014). The solid orange line is the least squares linear regression of the
logarithm of the Bay Study Otter Trawl index (incremented by 1) against years. The slope of the
regression differs significantly from zero (R2=0.51; P<0.05, two‐sided t‐test).




3.9.4 Flow Effects on Starry Flounder

Age‐onestarryflounderabundanceispositivelycorrelatedwithDeltaoutflowbetweenMarchand


Juneofthepreviousyear(CDFG1992c;Jassbyetal.1995;Kimmerer2002b).Astatistically


significantreductionintheabundanceofstarryflounderperunitoutflowoccurredafterthe


invasionofPotamocorbulain1987(Kimmerer2002b).StateWaterBoardstaffreassessedthe


relationshipwithnewdatatodeterminewhetherstarryflounderabundancewasstillapositive


functionofDeltaoutflow(Figure3.9‐2).Theflow‐abundancerelationshipwasestimatedfollowing


themethodsofKimmerer(2002b)usingdatacollectedbetween1967and2015(Figure3.9‐2).A


singlestepchangewasincluded,followingtheinvasionoftheclamPotamocorbula(year>1987).


MoreoutflowinthepreviousspringwasassociatedwithahigherBayStudyindexforage‐onestarry


flounderthefollowingyear(Figure3.9‐2),andnostatisticalsupportwasfoundforaninteraction


betweentheslopeandstepchange.




State Water Resources Control Board

Scientific Knowledge to Inform Fish and

Wildlife Flow Recommendations


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
3‐83

Final





Figure 3.9‐2. Correlation between the Starry Flounder Bay Study Otter Trawl Age‐1 Index (1980–

2015) and Average Daily Outflow (cfs) between March and June. The flow recruitment
relationship is statistically significant (two sided t‐test, P<0.01; R2=0.44). The black line and points
are for 1980–1987 while the orange line and points are for 1988–2015. Colored bands around the
regression lines represent 95 percent confidence limits.




CDFG(2010b)suggeststhattheremaybeatleastfourpossiblemechanismstoexplainthepositive


starryflounderflowabundancerelationship.First,increasingDeltaoutflowmayprovidestronger


chemicalcuestoaidlarvaeandjuvenileflounderlocateestuarinenurseryhabitat.Second,higher


Deltaoutflowsgeneratestrongerupstreamdirectedgravitationalbottomcurrentsthatmayassist


larvalimmigrationintotheBay.Third,higherflowmayincreasethevolumeoflowsalinityhabitat


neededforrearing.Finally,Deltaoutflowispositivelycorrelatedwiththeabundanceofthebay


shrimp(Crangonfranciscorum),anotherbenthicspeciesthatisanimportantfoodresourcefor


youngstarryflounder(seeBayshrimpsection).


AcumulativefrequencydistributionwascalculatedforaveragedailyDeltaoutflowbetweenMarch


andJuneof1994to2013todetermineDeltaoutflowneedsofstarryflounder(Figure3.9‐3).This


20‐yearperiodwasselectedbecausetheyearsrepresentaperiodwhenthemedianannualBay


Studyindexofage‐1starryflounder(280)wasclosetothepopulationabundancegoalinthe2010


FlowCriteriaReportof293.Themedianoutflowduringthe20‐yearperiodwas21,000cfs(Table


3.9‐1).
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Figure 3.9‐3. Cumulative Frequency Distribution of Monthly Average Daily Delta Outflow for
March through June (1994–2013). The dotted line is the average daily outflow of 21,000 cfs that
occurred in half of all years.




Table 3.9‐1. Delta Outflow Indicated to Be Protective of Starry Flounder. Outflows are monthly
averages [cfs].

 

Months


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec


StarryFlounder   21,000      
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3.10 California Bay Shrimp (Crangon franciscorum)

3.10.1 Overview

TheCaliforniabayshrimpisanativespecies.PlanktoniclarvaehatchfromeggsreleasedinSan


FranciscoBayoroffshoreandarecarriedintotheDeltaonbottomgravitationalcurrents.Crangonis


importantinthedietofseveralrecreationallyimportantfishspeciesintheSanFranciscoestuary.A


positivecorrelationexistsbetweenindicesofpopulationabundanceoflessthan1‐year‐oldshrimp


andDeltaoutflowinspring.AnaverageDeltaoutflowbetweenMarchandMayof19,000to26,000


cfsisneededtoimproveshrimppopulationabundance.


3.10.2 Life History

TherearethreecommonnativespeciesofCrangonshrimpintheBay‐Deltaestuary‐‐Crangon


franciscorum,C.nigricauda,andC.nigromaculata(Heib1999).ThisreportreferstoC.franciscorum.


TheCaliforniabayshrimpiswidelydistributedalongthePacificCoastofNorthAmericafromSan


DiegotoSoutheasternAlaska(Rathbun1904;Hieb1999).Theshrimpisprimarilyanestuarine


species,commoninbaysonmudandsandbottomsandalsofoundinnearshorecoastalwaters


(Schmitt1921).


CaliforniabayshrimphavebeenfishedcommerciallyinSanFranciscoBaysincethe1860s.


Historically,freshshrimpwereeatenlocallyanddriedshrimpwereexportedtoAsia(Siegfried


1989).TheannualSanFranciscoBaycatchexceeded720tonsperyearinthe1920sand1930s,but


thefisherygraduallyevolvedintosupplyingbaitforrecreationalfishermenandlandingsdecreased


toabout32tonsperyearbetween2000and2008(CDFG1987;Siegfried1989;Reillyetal.2001).


SixandonehalftonsweretakeninSanFranciscoBayin2015(CaliforniaCommercialLandings).


Crangonspp.areamajorcomponentintheaquaticfoodwebofWestCoastestuaries(Siegfried


1989).IntheBay‐Delta,theshrimphasbeenreportedinthedietofjuvenileandadultstripedbass,


starryflounder,whiteandgreensturgeon,Americanshad,whitecatfish,Pacifictomcod,brown


smooth‐hound,andstaghornsculpin(JohnsonandCalhoun1952;Heubachetal.1963;Ganssle


1966;McKechnieandFenner1971;Reillyetal.2001).Achangeinshrimpabundancecouldhavea


significant“bottomup”effectonpopulationsizeofimportantcommercialandrecreationalfishin


theestuary.


FemaleCaliforniabayshrimparereproductivelyactivethroughoutmuchoftheyear(Krygierand


Horton1975).Bayshrimpmaturein1yearandmayliveforupto2years(Hatfield1985).Females


hatchmultiplebroodsduringthebreedingseason(Siegfriedetal.1989)withlarvalabundance


peakinginwinterandearlyspringinCalifornia(CDFG1987).Larvaldevelopmentisbelievedto


require30–40days(Hatfield1985).Earlystagelarvaearefoundinnearsurfacewaterwhilelater


stagesarelocatedclosertothebottom(Siegfried1989).Thebottomorientationoflatelarvalstages


mayfacilitatepassiveonshoreandestuarinemigrationtotheLSZinbottomgravitationalcurrents


(Hatfield1985).UpstreammigrationprimarilyoccursbetweenAprilandJune(CDFG2010b).


Juvenilesseekshallowbrackishtofreshwaternurseryhabitats,remainingthereforuptosixmonths


beforecommencingaslowmigrationbackdowntheestuary(Hatfield1985).Smalljuvenileshrimp


arecommoninSanPabloandSuisunBayduringyearswithhighDeltaoutflow(CDFG1992c;Hieb


1999)whilethepopulationshiftsfurtherupstreamtoHonkerBayandtheconfluenceofthe


SacramentoandSanJoaquinRiversduringlowflowyears.Infall,adultsmigratebackdownthe
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estuarytorepeatthecycle(Hatfield1985).Thelarvaearelocatedtoofarwestintheestuaryfor


significantentrainmenttooccurattheCVPandSWPpumpingfacilities.


Larvalshrimppreyonsmallzooplankton,suchascopepods(Reillyetal.2001)andhavebeen


maintainedinthelaboratoryonadietofArtemianauplii(Siegfried1989).JuvenileandadultBay


shrimparepredators(Siegfried1982;Wahle1985).InSanFranciscoBayCrangonfeedon


crustaceans,polychaetes,molluscs,andplantmatter(Wahle1985).IntheDeltathemostimportant


foodresourceforbayshrimpinthepastwasthemysidshrimp,Neomysismercedis(Siegfried1982)


butthedietmayhavechangedsincetheinvasionofPotamocorbulaandthedeclineinNeomysis


abundance(Kimmerer2002b;Hennessy2009).Recently,Pseudodiaptomusforbesihasbeen


observedinthegutsofbayshrimp(Wahle1985).


3.10.3 Population Abundance Trends Over‐Time

ThepopulationabundanceofjuvenilebayshrimpintheBay‐Deltaestuaryhasbeenmeasuredby


theSanFranciscoBayottertrawlsurveysince1980.AbundanceestimatesbetweenMayand


Octoberarereportedasanannualindex.Trendanalysisdemonstratesinter‐annualvariationin


abundancebutnolongtermchangeinpopulationsize(Figure3.10‐1).Therehasalsonotbeena


changeinabundancesinceimplementationofD‐1641in2000.


Figure 3.10‐1. Index of Juvenile Crangon franciscorum Abundance as Measured in the
San Francisco Bay Otter Trawl Survey (1980–2015). The orange line is an estimate of the trend in
population abundance over time; the slope of the regression does not differ significantly from
zero (two sided t‐test, P>0.05).
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3.10.4 Flow Effects on Bay Shrimp

Apositivecorrelationhasbeenreportedbetweenabundanceof1‐year‐oldbayshrimpandDelta


outflowfromMarchtoMay(Hatfield1985;CDFG1992c;Jassbyetal.1995;Kimmerer2002b;Hieb


2008;Kimmereretal.2009).Theflowabundancerelationshipdidnotchangewiththeinvasionof


Potamocorbula(Kimmerer2002b).


StateWaterBoardstaffreassessedtheMarchtoMayDeltaoutflowrelationshipwithdatacollected


through2014(Figure3.10‐2).Therelationshipisstillsignificant(P<0.001,R2=0.49).MoreDelta


outflowiscorrelatedwithhigherBayStudyindexvaluesforjuvenilebayshrimp.


Figure 3.10‐2. Relationship between Juvenile Bay Shrimp Abundance, as Measured by the San
Francisco Bay Otter Trawl Survey (1980–2013), and Average Daily Outflow (cfs) between March
and May of the Same Year. The flow‐abundance relationship is significant (P<0.001, R2=0.49). The
dotted line indicates that a flow of 21,000 cfs is predicted to produce the recommended
population abundance goal. The colored band around the regression line is the 95 percent
confidence limits.




Mechanismsexplainingwhyincreasedoutflowmayincreasepopulationabundancearethatoutflow


increasesgravitationalbottomcurrentsandpassivetransportofjuvenilebayshrimpfrommarineto


brackishwaterintheDelta(Siegfriedetal.1979;Moyle2002;Kimmereretal.2009).Asecond


mechanismisthatthesizeofbrackishnurseryhabitatfavoredbyjuvenilebayshrimpincreaseswith


increasingflow(CDFG2010b;Reillyetal.2001).Theincreaseinhabitatsizemayreduceintra‐and


inter‐specificcompetitionforfoodandotherresources.
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3.10.4.1 Delta Outflow

Threemethodswereusedtodetermineaflowthatwouldbenefitbayshrimp.First,aregressionof


flowandabundancewasusedtopredicttheoutflowassociatedwiththerecommended2010Flow


CriteriaReportabundancegoal.Theregressionpredictedthatanaverageoutflowof21,000‐cfs


betweenMarchandMaywouldachievethegoal(Figure3.10‐2).Second,acumulativefrequency


distributionwascalculatedfortheaveragedailyoutflowbetweenMarchandMayof1980to201326.


Themedianflowwas20,000cfs(Figure3.10‐3).


Figure 3.10‐3. Cumulative Frequency Distribution of Average Daily Outflow for March to May
(1980–2013). The dotted line is the average daily outflow of 20,000 cfs that occurred in half of the
years.




Third,logisticregressionanalysispredictedthat25,000cfsisassociatedwithpositivepopulation


growthin50percentofyearsusingBayStudydatafor1980–2013(Figure3.10‐4).Theestimateis


similartothatofTBI/NRDC(2010a),whoemployedthesameapproachfordatafrom1980–


2007andestimatedpositivegrowthwouldoccurin50percentofyearsat27,600cfs(StateWater


Board2010).


Insummary,thethreeanalyticalmethodsprovideanindicationofthemagnitudeofDeltaoutflow


neededtomaintainthepresentpopulationsizeofC.franciscorumintheBay‐Deltaestuary(Table


3.10‐1).Themethodsindicatethatamedianoutflowof20,000to25,000cfsbetweenMarchand


Mayshouldbesufficienttomaintainthepresentpopulationsize(Table3.10‐1).




26Theseyearswereselectedforanalysisasthemedianvalueforthe34‐yearperiod(110)isnearthe2010Flow

Criteriagoalof103.
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Figure 3.10‐4. Probability of Juvenile Bay Shrimp Population Growth as a Function of Delta
Outflow from a Logistic Regression Analysis (P<0.01). The dotted line indicates that an average
daily outflow of 25,000 cfs between March and May is associated with a 50 percent probability of
population growth. The band around the line is the 95 percent confidence limit.




Table 3.10‐1. Delta Outflows Indicated to Be Protective of Bay Shrimp. Outflows are monthly averages
[cfs].

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec


Bayshrimp   20,000to25,000       





3.11 Zooplankton (Neomysis mercedis and Eurytemora

affinis)

3.11.1 Overview

Zooplanktonareanimportantfoodresourceforjuvenilefishandforsmall,pelagicadultfish,suchas


Deltasmeltandlongfinsmelt.Twoupperestuaryzooplanktonspeciesthathaveexhibitedflow‐


abundancerelationshipsarethemysidNeomysismercedisandthecalanoidcopepodEurytemora


affinis.Thepopulationsizeofbothspecieshasdeclinedsincetheinvasionoftheoverbiteclam,


Potamocorbula.BothspecieshavebeenreplacedbyagroupofaliencopepodtaxafromEastAsia




State Water Resources Control Board

Scientific Knowledge to Inform Fish and

Wildlife Flow Recommendations


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
3‐90

Final


thatmaynotbeasavailabletoplanktivorousfish.TheCDFWrecommendsaDeltaoutflowof11,400


to29,200cfsbetweenFebruaryandJuneforthebenefitofthezooplanktoncommunity.


3.11.2 Life History

Zooplanktonisageneraltermforsmall,planktonicinvertebratesthatconstituteanessentialfood


resourceforfish,especiallyyoungfishandallstagesofpelagicfishesthatmatureatasmallsize,


suchaslongfinandDeltasmelt(CDFG1987;Kimmereretal.1998;Bennettetal.2002;Bennett


2005).Twoupperestuaryzooplanktonspeciesthathaveexhibitedflow‐abundancerelationshipsin


thepastandareimportantfoodresourcesforpelagicfishareN.mercedisandE.affinis(Jassbyetal.


1995;Kimmerer2002).Pseudodiaptomusforbesiisanintroducedcopepodthathasrecentlybecome


animportantfoodresourceforplanktivorousfishspecies.


3.11.2.1 Neomysis mercedis

Themysidshrimp,N.mercedis,iseuryhalineandinCaliforniahasbeenfoundinsalinitiesfrom0.5


to32.0ppt(OrsiandKnutson1979)butismostabundantintheLSZ(OrsiandMecum1996).The


mysidshrimphasanupperthermallimitof220CinSanFranciscoBay(OrsiandKnutson1979)with


reproductionoccurringyear‐round(Durand2015).N.mercedisisomnivorousandfeedsondiatoms,


copepods,androtifers(SiegfriedandKopache1980).


TherangeofN.mercedisisfromAlaskatoSanFranciscoBay(OrsiandKnutson1979).Theshrimpis


foundthroughouttheDeltaandSanFranciscoBaybutismostabundantintheLSZinSuisunBay


(OrsiandKnutson1979;Hennessy2009;HennessyandEnderlein2013;Durand2015).E.affinisisa


majorpreyitemofN.mercedis(OrsiandMecum1996).


3.11.2.2 Eurytemora affinis

IntheSanFranciscoBayestuarythecalanoidcopepod,E.affinis,hasbeenobservedfromtheLSZto


freshwaterintheSacramentoandSanJoaquinRivers(OrsiandMecum1996;Durand2010).The


copepodisomnivorousandfeedsondiatoms,particulateorganicmatter,detritus,


nanophytoplankton,protozoa,microplankton,andciliates(SiegfriedandKopache1980;Durand


2015;Kimmerer2002).


E.affiniscanliveforupto73dayswithfemalesproducingseveralclutchesofupto18eggsduring


itslifetime(Durand2010;Kipp2013).IntheDelta,eggproductionishighestinthespringat


locationswithsalinitiesfrom0.5–2.0ppt(Durand2010).E.affinisisanimportantfoodformost


smallfishes,particularlythosewithwinterandearlyspringlarvae,suchaslongfinsmelt,Delta


smelt,andstripedbass(Lott1998;Bennett2005;Nobriga2002;Moyleetal.1992;SlaterandBaxter


2014).


3.11.3 Population Abundance and Trends Over Time

3.11.3.1 Neomysis mercedis

MeanspringandsummerabundanceofN.mercediswashighpriorto1988buthasnowdeclinedto


lowlevelsinallseasons,witha50‐folddeclineinsummer(Kimmerer2002b;OrsiandMecum1996;


Hennessy2009;CDFG2010b).AnnualabundancenowpeaksbetweenMayandJuly(Orsiand


Mecum1996).Thedeclinemaybeduetocompetitionbetweenjuvenilemysidsandtheinvasive


clam,Potamocorbula,fordiatomfood(OrsiandMecum1996;Winderetal.2011;Hennessyand
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Enderlein2013;Durand2015).Themysidshrimpwasanimportantfoodresourceformanyfishin


theupperestuarypriortoitsdeclineinthelate1980s(Feyreretal.2003;Bennet2005).


3.11.3.2 Eurytemora affinis

ThecalanoidcopepodE.affinisusedtobeabundantintheSanFranciscoBayyear‐roundbut


currentlyismoderatelyabundantinwinterandspringandrareinsummerandfall(Durand2010,


2015;Merzetal.2016).TheabundanceofE.affinisbegantodeclineinthe1970’sbutexhibiteda


steepdecreaseinspringandsummerafter1987,coincidentwiththeinvasionandestablishmentof


PotamocorbulaandanotherinvasivecalanoidcopepodP.forbesi(KimmererandOrsi1996;Orsiand


Mecum1996;Bennett2005;WinderandJassby2011;HennessyandEnderlein2013).Thedeclinein


copepodabundanceafter1987mayhavebeenduetobothcompetitionforfoodwithandpredation


byPotamocorbula(Kimmerer2006).Zooplanktoncompetewithbenthicfilterfeedersfor


phytoplankton(WinderandJassby2011)andthenaupliarlarvalstageofE.affinisisingestedby


Potamocorbula(Kimmereretal.1994).GrazingratesbyPotamocorbulaarelowinwinterandspring


butincreaseinsummerandfallandmay,inpart,explaintheseasonalabundancepatternofE.affinis


(Durand2010;HennessyandEnderlein2013).Theeffectsofcontaminantsmayhavealsoplayeda


roleinthedecline(Kimmerer2004;Tehetal.2013).


3.11.4 Flow Effects on Zooplankton

3.11.4.1 Neomysis mercedis

Priorto1987theabundanceofN.mercedisinsummerincreasedasX2moveddownstreamwith


higherDeltaoutflow(Kimmerer2002b;Jassbyetal.1995;OrsiandMecum1996).After1987there


wasaninverserelationship:abundanceshowedapositiverelationshipwithX2,lowDeltaoutflows


correlatedwithhighernumbersofmysidshrimp(Kimmerer2002b).


TheabundanceofadultandjuvenileN.mercedisasafunctionofDeltaoutflowwasreassessedusing


abundancedatafortheentrapmentzone(Hennessy,A.andZ.Burris2017).Theentrapmentzone


wasdefinedasawatermassmovingupanddownestuarywithabottomsalinitybetween1and3


ppt.Preliminaryconclusionsarethatabundanceincreasesasafunctionofmeandailyoutflow


betweenMarchandMay(R2=0.32;P<0.001).Thesemonthswereselectedasthemysidismost


abundantthen.


3.11.4.2 Eurytemora affinis

Historically,E.affinisabundanceinsummerwasnotcorrelatedwithX2(Kimmerer2002b).After


1987,E.affinisabundanceinspringbecamepositivelyrelatedtoDeltaoutflow;higherabundances


wereassociatedwithmoreoutflow(Kimmerer2002b).


TheflowabundancerelationshipwasreassessedforE.affiniswithdatacollectedbetween1994and


2015(Hennessy,A.andZ.Burris2017).LikeforN.mercedis,theanalysisuseddataforthe


entrapmentzone.ThepreliminaryanalysisdemonstratedthatmeanCPUEincreasedwithDelta


outflowsgreaterthanabout30,000cfsbetweenMarchandJune(R2=0.58;P<0.001)(Figure3.11‐1).


TheCDFWprovidedacombinedDeltaoutflowrecommendationforE.affinisandN.mercedisatthe


2010InformationalProceeding(StateWaterBoard2010)andrecommendedmaintainingX2


between75and64km,correspondingtoanetDeltaoutflowofapproximately11,400and29,200


cfs,respectively,betweenFebruaryandJune(Table3.11‐1).
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Figure 3.11‐1. Mean Abundance (CPUE) in the Entrapment Zone as a Function of Delta Outflow
(cfs) for E. affinis Adults and Eurytemora spp. Juveniles from March through June (1994 to 2015)
(from Hennessy and Burris 2017)




Table 3.11‐1. Delta Outflow Indicated to Be Protective of Zooplankton Species. Delta outflows are
monthly averages (cfs)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec


Zooplankton  11,400to29,200      





3.11.4.3 Nonnative Zooplankton

Reducedflowsbecauseoftheextendeddroughtbetween1987and1994andchangesinbenthicand


zooplanktoncommunitycompositionhavecontributedtothedeclineofcommonzooplankton


speciesandfacilitatedtheinvasionofnonnativecopepodandmysidshrimpspecies(Orsiand


Ohtsuka1999;WinderandJassby2011;Kratinaetal.2014).Currently,theBay‐Deltazooplankton


communityisdominatedbyinvasivecopepodspeciesfromEastAsiawhichmaybemoredifficultto


catchandthereforelessavailablethannativecopepodstoplanktivorousfishsuchasDeltaand


longfinsmelt(WinderandJassby2011).AnexceptionisPseudodiaptomusforbesiwhichisan


importantcomponentinthedietoflongfinsmelt,Deltasmelt,andotherplanktivorusfish.
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Pseudodiaptomus forbesi

P.forbesiisanintroducedcalanoidcopepodthatwasfirstobservedintheBay‐Deltaestuaryin1987


(OrsiandWalter1991).Thecopepodisstenohalineanddistributedfromfreshwatertoabout7ppt


(OrsiandWalter1991;Durand2010).ThiscorrespondstoarangebetweenaboutRioVistaonthe


SacramentoRiverandStocktonontheSanJoaquinRivertoasfarwestasSuisunBay.P.forbesiisa


selectivefilterfeederconsumingprimarilydiatoms(Durand2010;WinderandJassby2011).


P.forbesihasbecomeanimportantcomponentofthezooplanktoncommunityintheBay‐Delta


estuary.Populationlevelsincreasedrapidlyafterthecopepod’sintroductionanditnowrepresents


aboutathirdofthetotalzooplanktonbiomassintheDelta(WinderandJassby2011).The


abundanceofthemostcommoncopepodschangeseasonallyintheDelta(WinderandJassby2011).


P.forbesiismostcommoninsummerandfall(Durand2010)whenitcomprisesoverhalfthedietof


Deltasmelt,longfinsmeltandotherzooplanktonconsumingfish(Hobbsetal.2006;Bryantand


Arnold2007;SlaterandBaxter2014).


HennessyandBurrisalsoassessedtherelationshipbetweenmeanabundanceofP.forbesianddelta


outflow(Figure3.11‐2).Inthepreliminaryanalysis,theauthorsfoundapositiverelationship


betweenabundanceinSuisunBayandDeltaoutflowbetweenJuneandSeptember(R2=0.39,


P<0.001).Monthlyoutflowsgreaterthanabout5,000cfsresultedinincreasingabundanceofP.


forbesi.





Figure 3.11‐2. Mean Suisun Bay Abundance (CPUE) as a Function of Delta Outflow (cfs) for Adult P.
forbesi and Juvenile Pseudodiaptomus spp. from June to September (1989 to 2015) (from
Hennessy and Burris 2017)
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3.12 Nonnative Fish Species

Americanshadandstripedbassarepopularnonnativesportfish.Bothspeciesexhibitpositiveflow‐


abundancerelationshipsintheBay‐Deltaestuary.MoreDeltaoutflowinspringresultsinmore


juvenilerecruitmentforbothspecies.


Americanshad(Alosasapidissima)wasintroducedtothePacificWestCoastfromtheAtlantic


seaboardbetween1871and1881(MacKenzieetal.1985;Skinner1962).Americanshadhistorically


supportedalargecommercialgillnetfisheryinCaliforniabutthiswasbannedin1957infavorofa


rapidlydevelopingrecreationalfishery(Moyle2002;DillandCordone1997).Shadarenowapopular


sportfishintheCentralValley,especiallyontheSacramento,FeatherandAmericanRivers(Titusetal.


2012).


Three‐to5‐year‐oldAmericanshadreturnfromtheoceanandmigrateintofreshwaterbetween


MarchandMaytospawn(Stevensetal.1987).ThepeakofthespawningmigrationoccursinMay


withadultsreproducingfromMaythroughearlyJulyinlargeriverchannels(Urquhart1987;


Stevensetal.1987).TheFMWTindexforAmericanshadispositivelycorrelatedwithDeltaoutflow


duringthepreviousFebruarytoMayspawningseason(Kimmerer2002b;Kimmereretal.2009).


TheslopeoftheflowabundancerelationshiphasremainedpositivesinceFMWTsamplingbeganin


1967,althoughrecruitmentofjuvenileshadinfallhasincreasedforanygivenspringDeltaoutflow


value(interceptoftheregressionline)sincethePotamocorbulainvasion(Kimmerer2002b;


Kimmereretal.2009).


Stripedbass(Moronesaxatilis)wasfirstintroducedtotheBay‐Deltaestuaryin1879andwithin10


yearshadincreasedinabundancesufficientlytosupportacommercialfishery(Herboldetal.1992).


Commercialfishingforstripedbasswasbannedin1935butthespecieshascontinuedtosupportthe


mostimportantrecreationalfisheryintheBay‐Deltaestuary(Titusetal.2012;Moyle2002).Adult


bassmigratetobrackishormarinewaterinsummerandreturntofreshwaterinfallandwinterto


spawn.SpawningbeginsontheSacramentoRiverabovetheconfluenceoftheFeatherRiverinApril


withpeakspawningactivityinMayandearlyJune.Eggsaresemibuoyantandrequireflowtokeep


themsuspendedandcarrythemandnewlyhatchedlarvaedownstreamtolowsalinityrearinghabitat


intheDeltaandSuisunBay(Moyle2002).


Thereisapositivecorrelationbetweenthesurvivalofstripedbasseggsthroughtheirfirstsummer


andDeltaoutflowbetweenAprilandJune(Kimmerer2002b;Kimmereretal.2009).Population


abundanceindicesfromtheTNS,FMWT,Baymidwatertrawlandottertrawlindicesarealso


positivelycorrelatedwithDeltaoutflowinspring(Kimmereretal.2009).IneachcasehigherDelta


outflowsinspringresultinlargerindexvalues.Thesizeofthestripedbasspopulationhas


undergonealong‐termdeclinesincethe1970sandisoneofthefourpelagicspeciesthatunderwent


afurtherdecreaseinpopulationsizearound2000(Herboldetal.1992;Sommeretal.2007).


AnincreaseinDeltaoutflowinspringispredictedtoincreasethepopulationabundanceofstriped


bassandAmericanshad,twoimportantsportfishintheBay‐Deltaestuary.
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3.13 Conclusion
ThespeciesevaluationsindicatethatmultipleaquaticspeciesintheBay‐Deltaestuaryareincrisis.


RecoveryofnativespecieswillrequirebothhabitatrestorationandincreasedflowinCentralValley


tributariesandtheDelta.Successfulrecoveryofnativespeciesisnotpossiblewithoutparallel


investmentinbothefforts.Thefocusofanalysisherehasbeentodeterminethemagnitudeand


timingofflowneededtorestoresalmonidsandtheestuarine‐dependentfishandinvertebrate


community.TheStateWaterBoardwilladdresstheneedfornon‐flowmeasurestoprotectfishand


wildlifebeneficialusesintheprogramofimplementationfortherevisedBay‐DeltaPlan.


Indicesofpopulationabundanceforalloftheestuarinespeciesareatall‐timelowlevels,exceptfor


bayshrimp(Table3.13‐1;Figure3.13‐1).ThepopulationabundanceofSacramentosplittail,Delta


smelt,andlongfinsmelthavedeclinedby98,98,and99percentsincesamplingbeganin1967.The


threenativespecieshavecontinuedtodeclinesinceimplementationofD‐1641in2000(Table3.13‐


1).SeveralofthesespeciesareprotectedunderthefederalESAandCESA(Table3.13‐1).The


populationabundanceoftheCaliforniabayshrimpisanexceptionandhasremainednearitslong‐


termmedianabundancesincemonitoringbeganin1980.


Table 3.13‐1. Estuarine‐Dependent Species Listed under the California (CESA) and Federal
Endangered Species (ESA) Acts and Changes in Indices of Their Population Abundance in the
San Francisco Estuary

Species 

Listing Statistically 
SignificantLong 
TermDeclineSince 
SamplingBegan? 

Continued

DeclineSince

Adoptionof 
D‐1641in2000? 

Present

Abundance3
CESA 

Federal 
ESA 

Starryflounder   Yes1


record


Sacramento 
splittail 

Speciesof 
concern 

2 
(‐97%)4 

No 
(‐91%) 

Loweston

record


Longfinsmelt Threatened Candidate Yes2 

(‐99%) 
Yes 
(‐95%) 

Loweston

record


Deltasmelt Endangered Threatened Yes2 

(‐98%) 
Yes 
(‐95%) 

Loweston

record


Bayshrimp   No1


value


1 SanFranciscoBaystudy(1980–present).

2 FallmidwatertrawlIndex(1967–present).

3 2014/2015.

4 Thepercentdecreasewasestimatedfromtheaverageofthefirst3andlast3yearsofindexvaluesto


accountforinter‐annualvariability.
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Figure 3.13‐1. Trends Over Time in Indices of Abundance for Native Fish and Invertebrate Species
from the San Francisco Estuary




PopulationabundanceincreasesforallthenativeestuarinespeciesandnonnativeAmericanshad


andstripedbasswithincreasingDeltaoutflowinwinterandspring.Theslopeoftheflow‐


abundancerelationshiphaschangedforsomespeciesduringthelasthalfcenturyofmonitoringbut


hasalwaysremainedpositive.MoreDeltaoutflowinwinterandspringhasconsistentlybeen


associatedwithahigherabundanceoffishinfall.Therelationshipdemonstratesthatoneoptionfor


increasingpopulationabundanceofthesespeciesistoincreaseDeltaoutflowinwinterandspring.


PopulationabundancegoalswerepreviouslyidentifiedintheDeltaFlowCriteriaReportfor


restoringsomeestuarinespecies.ThespeciesevaluationscontainananalysisoftheDeltaoutflow


neededtoachievetheserestorationgoalsand/ora50percentprobabilityofpositivepopulation


growth.TheseflowsaresummarizedinTable3.13‐2.Whenpossible,multiplemethodswereusedto
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estimateflowspredictedtoincreasethepopulationsizeofeachspeciesandthishasresultedina


rangeofDeltaoutflowsforsometaxa.Therangeemphasizesthatthereisnosingle“correct”outflow


foranyspecies.Likewise,otherrestorationgoalsmaybeproposedinthefutureandsimilar


analyticalmethodsmaybeusedtoestimatethenewflowspredictedtoachievethesegoals.


Nonetheless,thepresentanalysesprovideanestimateoftherangeofflowsthatareexpectedto


benefiteachspecies.Together,theflowsinTable3.13‐2provideanindicationofthemagnitude,


duration,andseasonalityofflowthatmayberequiredtosupportahealthyaquaticestuarine


community.


TheanalysesindicatethatmultiplespeciesbenefitfromasimilarmagnitudeandtimingofDelta


outflow(Table3.13‐2).Forexample,flowfromJanuarythroughJuneforlongfinsmeltwillalsomeet


theflowspredictedtosupportthepopulationsofstarryflounder,Californiabayshrimp,Sacramento


splittailandzooplanktonduringthesamemonths.SturgeonneedhigherflowsafterJunethando


longfinsmelt.TheflowspredictedtobenefitSacramentosplittailmightbereducediftheYolo


BypasswasabletobefloodedatalowerSacramentoRiverflow.Thelonglifeandhighfecundity


rateofsturgeonmakethisspecieslessdependentonfrequenthighDeltaoutflowthanotherspecies,


althoughthepopulationdoesnotappearstableandexhibitsprogressivelydiminishedrecruitment


inrecentwetyears.SpringrecruitmentofDeltasmeltinthe20mmindexincreasesifX2was


locatedinthepreviousfallintheLSZ(Figure3.8‐2).TheUSFWS(2008)BiOprequiresthatthe


locationofX2inSeptemberandOctoberofwetandabovenormalwateryearsbefurtherwestthan


74and81km27,respectively(Table3.13‐2).Inaddition,recentscientificfindingssuggestthatthe


abundanceofDeltasmeltinfallispositivelyrelatedtoDeltaoutflowinsummer,moreflowinJuly,


AugustandSeptemberresultsingreatersurvivalinsummer(Table3.13‐2).


Thetimingofthebiologicalmechanismsthatmayaccountforthestatisticallysignificant


relationshipsbetweenDeltaoutflowandthepopulationabundanceofestuarine‐dependentspecies


arelistedinTable3.13‐3.Mostofthefunctionalflowsprovidemechanismstoincreasereproductive


outputandsurvivalofyoung.Themechanismsincludeadultattractionflows,transportflowsto


carryweaklyswimminglarvaetorearinghabitats,andhigherflowstocreatespawningandrearing


floodplainhabitatintheCentralValley,andlowsalinityrearinghabitatinSuisunBayandMarsh.


Historically,theDeltareceivedhigheroutflowinwinterandspringthaninrecentyears,placingX2


furtherdownstreamundertheseconditions(Chapter2).Thehighestoutflowsidentifiedfor


estuarinespecieswere42,800cfsinJanuarythroughJuneforlongfinsmelt,30,000–47,000cfs


betweenFebruaryandMayforSacramentosplittail,andgreaterthan37,000cfsforwhitesturgeon


inJuneandJuly(Table3.13‐2).ThemedianunimpairedDeltaoutflowbetweenFebruaryandMayis


greaterthan50,000cfs,butflowsofthismagnituderarelyoccurnowundercurrentconditionsin


thewatershed(Figure2.4‐7).MedianunimpairedflowsinJunearelessthan50,000cfsbutnearthe


37,000cfsneededbysturgeondemonstratingthatnativefishevolvedunderaregimeofhigher


Deltaoutflowsthanoccursnow.Lossoffunctionalflowsinwinterandspringreducepotential


recruitmentopportunitiesandtheviabilityoftheestuarine‐dependentcommunity.


Anotherindicationoftheimportanceofflowcomesfromacomparisonoftheresponseofthe


estuarinecommunitytowetanddrywateryears.2011waswetwithhighDeltaoutflowinwinter


andspring.Thefollowing3yearswereclassifiedasdryorcriticallydry.FMWTindicesofpopulation


abundanceoflongfinsmelt,Deltasmelt,andSacramentosplittailallincreasedin2011anddeclined


inthefollowing3years(Figure3.13‐2).Theincreasedpopulationsizeoftheseestuarine‐dependent




27AnX2of74and81‐kmisequivalenttoanaverageDeltaoutflowof11,400and7,100‐cfs,respectively.
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speciesindicatesthattheirpopulationsarestillabletorespondpositivelytofavorable


environmentalflowconditions.


ThenaturalproductionofallfourrunsofChinooksalmonandCentralValleysteelheadisalsoin


decline.Naturalproductionofwinter‐,spring‐,late‐fall‐,andfall‐runChinooksalmonhave


decreasedfromtheannualaveragebaselinein1967–1991by89,61,52,and43percent,


respectively(Table3.2‐3).Naturalproductionofsteelheaddeclinedby90percentfrom1960to


1998–2000.Hatcheriesnowprovidethemajorityofthesalmonandsteelheadcaughtinthe


commercialandrecreationalfisheries.


Adultandjuvenilesalmonidsbenefitfromanincreased,morenaturalflowpatterninCentralValley


tributaries.AtleastonesalmonidrunismigratingthroughtheDeltaorholdingintheupper


Sacramentobasineachmonthoftheyearnecessitatingnearyeararoundtributaryinflows(Table


3.4‐4).Adultsalmonidsrequirecontinuoustributaryflowsofsufficientmagnitudetoprovidethe


olfactorycuestofind,enter,hold,andspawnintheirnatalstream.NMFS(2014b,AppendixA)


determinedthatwarmwaterandlowflowresultedinareductioninadultattractionandmigration


cues,andadelayinimmigrationandspawningwhichappeartonegativelyaffectedadultsalmonin


54and73percentofthetributariesevaluated(Table3.4‐5).Theseasonaldecreaseinflowthatnow


occursfortributariesisillustratedinChapter2forAntelope,MillandDeerCreeks.Thecombined


flowforthethreecreeksislowerbetweenAprilandOctoberthaninunimpairedconditionswiththe


greatestimpairmenthappeninginMaythroughSeptemberofdrieryearswhenthecreeks


sometimesgodry.


Juvenilesalmonidsrequireflowsofsufficientmagnitudetotriggerandfacilitatedownstream


migrationandprovideseasonalaccesstoproductivefloodplains.AprobleminSacramento


tributariesforjuvenilesalmonidsisalackofrearinghabitatandconnectivitybetweentributaries


andtheSacramentoRiverbecauseofalackofflowandelevatedwatertemperaturewhich


negativelyaffectjuvenilesalmonidrearingandemigrationin32and40percentofthetributaries


evaluatedbytheNMFSinarecentstudy(Table3.4‐5).StudiesofjuvenilesalmonrearingintheYolo


BypassandCosumnesRiverfloodplainfoundthatfishgrowfasteronfloodplainsthaninadjoining


riverchannels.Fastergrowthandhigherqualitysmolthavebeenassociatedwithhighermarine


survivalinotherwestcoastChinooksalmonpopulations.


ThesurvivalofjuvenilesalmonmigratingdowntheSacramentoRivertoChippsIslandistwicethat


offishexitingthroughtheCentralDelta.JuvenilesalmonintheSacramentoRiverentertheCentral


DeltathroughtheDCCorGeorgianaSlough.The2006Bay‐DeltaPlanandtheNMFS(2009a)BiOp


haveDCCgateclosurerequirementstopreventjuvenilesalmonidsfromenteringtheCentralDelta


whichshouldbemaintained.EntrainmentofjuvenilesalmonintoGeorgianaSloughcanbereduced


iftidalreverseflowsdonotoccurontheSacramentoRiveratGeorgianaSlough.Reverseflowscease


iftheflowrateoftheSacramentoRiveratFreeportisgreaterthan17,000to20,000cfs(Table3.4‐


7).


TheabundanceandsurvivalofjuvenilefallandwinterrunChinooksalmonemigratingpastChipps


IslandincreasewhenSacramentoRiverflowisgreaterthan20,000cfsbetweenFebruaryandJune


(Table3.4‐7).Flowsofthismagnitudemayalsoaidemigrationofjuvenilespring‐runandsteelhead.


TheSacramentoRiveristhemainsourceofwaterforDeltaoutflow.CurrentSacramentoRiverflow


islessthantheunimpairedflowatFreeportbetweenFebruaryandJune(Figure2.2‐5).Themedian


flowisnow64percentofunimpairedflowbetweenJanuaryandJune,withmedianAprilandMay


flowsbelow50percentoftheunimpairedflowrate.Ifhigheroutflowforlongfinsmeltandother


estuarine‐dependentspeciesisprovidedinwinterandspring(Table3.13‐2),thenthisflowwillalso
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assistsalmontoemigratepastChippsIsland(Table3.4‐7).Thesurvivalofemigratingjuvenile


salmonidsfromtheSanJoaquinbasinincreaseswhenflowatJerseyPointispositive(Figure3.4‐17).


TheUSFWS(1995)recommendspositiveflowsforJerseyPointfromOctober1throughJune30to


improvesurvivalofsalmonidsmigratingthroughandrearingintheDeltaandtoprovideattraction


flowforreturningadults(Table3.4‐7).


ExportpumpingattheCVPandSWPfacilitiescauseOMRreverseflowsanddrawlargenumbersof


fishintotheinteriorDeltaresultingintheirentrainmentandsalvage.Theriskofentrainment


dependsuponthelocationofthefishrelativetotheexportfacilitiesandthemagnitudeofOMR


reverseflows.JuvenilesalmonidsemigratingfromtheSanJoaquinbasinandeastsidetributariesare


atriskofentrainmentwhenmigratingthroughtheCentralDelta.SacramentoRiversalmonare


vulnerableiftheymigrateintotheCentralDeltathroughtheDCCgatesorGeorgianaSlough.Delta


smeltandlongfinsmeltarevulnerableifadultsmigrateintothecentralDeltatospawn.Salvagedata


andPTMresultsforallthesespeciesdemonstratethatsalvageincreasesexponentiallywith


increasinglynegativeOMRreverseflows(Figures3.4‐15,3.4‐16,3.5‐4,and3.8‐7).Aninflection


pointoccursforallspeciesatabout‐5,000cfswithmuchhighersalvageratesatmorenegativeOMR


reverseflows.Thelowestsalvageratesaremeasuredatpositiveflowrates.Fisheryagencies


recommendthatCVPandSWPexportsbemanagedtomaintainOMRreverseflowsbetween‐1,250


and‐5,000cfsfromJanuarytoJunewithflowsadaptivelymanagedbasedupontheabundanceand


distributionofsalmonidsandsmeltandotherphysicalandbiologicalfactorsknowntoaffect


entrainment(Table3.13‐4).


TheproductionofSanJoaquinbasinChinooksalmonincreasewhentheratioofspringflowonthe


SanJoaquinRiveratVernalistocombinedCVPandSWPexportsincrease.TheNMFS(2009a)BiOp


requiresexportrestrictionsfromApril1throughMay3128.However,juvenilesalmonidsmigrate


outoftheSanJoaquinbasinfromFebruarytoJuneandmayneedprotectionfromexportrelated


mortalityduringthisentireperiod(Table3.13‐4).





Figure 3.13‐2. Comparison of the Change in Magnitude of FMWT Indices for Delta Smelt, Longfin
Smelt, and Sacramento Splittail in Wet and Dry Water Years



28SanJoaquinRiveratVernalisflowstoexportratiosrangingfrom1.0to4.0basedonwateryeartype.
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Table 3.13‐2. Magnitude and Timing of Delta Outflows Indicated to Be Protective of Estuarine‐Dependent Species. Flows (cfs) are monthly
averages.

SpeciesorPurpose 

Months


Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec


EstuarineHabitat 7,100–29,200  


Longfinsmelt


Starryflounder   >21,000  


Californiabayshrimp  


Sacramentosplittail 


Whitesturgeon   >37,000 


Deltasmelt       X2≤80km2 FallX21,2


Zooplankton  11,400‐29,200   

1 Wetwateryear>11,400cfs;abovenormalwateryear>7,100cfs.

2 July,August,andSeptemberofallyears;flow≥7,500cfs.
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Table 3.13‐3. Functional Flow Needs for Estuarine‐Dependent Species1

Species Months2


Name Lifestage Mechanism(s) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec


Longfinsmelt Eggs Freshwater,brackish 
habitat


•• •• • •        •


Longfinsmelt Larvae Freshwater‐brackish 
habitat,transport,

turbidity


• •• •• •• ••       •


Whitesturgeon Adults Attraction • •         • •


Whitesturgeon Adults,larvae Spawning,downstream 
larvaltransport


  • • • • •     


Greensturgeon Adults Attraction   • •        


Greensturgeon Adults,larvae Spawning,downstream 
larvaltransport


    • • •     


Sacramentosplittail Adults Floodplaininundation, 
spawning(canbeshort)


• • • •        


Sacramentosplittail Eggs,larvae Floodplainhabitat 
rearing


• • •• •• ••       


Deltasmelt preadult Transport,habitat   • •• •• • • • • • • 


Starryflounder Settledjuveniles, 
juvenile2‐yearolds 

Estuaryattraction, 
habitat


 • • • •       


Bayshrimp Latestagelarvae& 
smalljuveniles


Transport  • • •• •• ••      


Bayshrimp juveniles Nurseryhabitat    •• •• ••      


Neomysismercedis 
(zooplankton)


All Habitat   • • • • • • • • • 


Eurytemoraaffinis 
(zooplankton)


All Habitat   •• •• ••       


1 AdaptedfromStateWaterBoard(2010)andCDFG(2010).

2 •=Flowtimingimportantduringthismonth,••=Flowtimingveryimportantduringthismonth.
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Table 3.13‐4. Summary of Interior Delta Flows Indicated to Be Protective of Salmonids and Estuarine‐Dependent Fish Species

 Months


Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec


NMFSBiologicalOpinionforOMRflow1,4 ‐2,500to‐5,000       


USFWSBiologicalOpinionforOMRflow2,4 ‐1,250to‐5,000      


CDFWIncidentalTakePermitforOMRflow3,4 ‐1,250to‐5,000      


GeorgianaSlough5 17,000‐20,000     


SanJoaquinRiver@JerseyPoint6 Positiveflow    


SanJoaquinRiverExportConstraint7  1:1‐4:1    >0.38  


1 WhenChinooksalmonorsteelheadarepresent.

2 WhenadultandjuvenileDeltasmeltarepresent.

3 Whenlongfinsmeltarepresent.

4 14‐dayrunningaverageoftidallyfilteredflowatOldandMiddleRivers.

5 Tominimizereversetidalflowwhensalmonidsarepresent.

6 Whensalmonidsarepresent.

7 SanJoaquinRiveratVernalistosumofCVPandSWPexports.

8 Minimizeadultstraying.
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Chapter 4

Other Aquatic Ecosystem Stressors

4.1 Introduction

Thefactorsthatharmnativespeciesarebroadlyreferredtoas“stressors.”Stressorsaffect


populationsbyalteringthegrowth,reproduction,andmortalityrateofindividualorganisms.


Stressorsmayalsointeractwitheachotherinanadditiveorsynergisticfashion(Sommeretal.


2007).ThesestressorsoccurbothwithintheDeltaandupstreaminthegreaterwatershedandare


unfavorableandunnaturalattributesoftheecosystem,leadingultimatelytodiminishedpopulations


and,intheworstcase,extinctionofnativespecies(Mountetal.2012).


TheStateWaterBoardrecognizesthatecosystemrecoveryintheDeltadependsonmorethanjust


adequateflows.Manyscientificstudieshaveidentifiedtheinvolvementofotheraquaticecosystem


stressors,suchasreducedhabitat,pollutants,nonnativeinvasiveandpredatoryspecies,andabiotic


factors,ascontributingfactorsinspeciesdeclines(Sommeretal.2007;Moyleetal.2012;Mountet


al.2012).TherecognitionthatmanyfactorsstresstheDelta’secosystemisalsoreflectedintheDelta


Plan(DSC2013),along‐termenforceableplanfortheDeltawhichcallsfortheconsiderationof


multiplestressorstoimproveecosystemrestorationsuccess.Projectsandprogramstoaddress


theseotherstressorsareoftenreferencedgenericallyas“non‐flowactions.”However,thattermis


somethingofamisnomerasitfailstocapturebothhowinadequateflowshavecontributedtothe


pervasivenessandseverityofotherstressorsandtheneedforadequateflowstosuccessfully


implementmany“non‐flow”measures.Thebenefitsofflowsareenhancedwhenimplementedin


concertwithhabitatrestoration,controlofwastedischarges,controlofinvasivespecies,fisheries


management,andotherefforts.AmultifacetedapproachisneededtoaddressDeltaconcernsand


reconcileanalteredecosystem(Sommeretal.2007;Moyleetal.2012).


Thischapterorganizesotheraquaticecosystemstressorsintofivecategories:physicalhabitatloss


oralteration,waterquality,nonnativespecies,fisheriesmanagement,andclimatechange.Noone


categoryisindependentoftheothers,andsignificantinteractionscanamplifyorsuppressthe


negativeeffectsofeachontheaquaticecosystem.Thefollowingsectionsdescribegenerallyhow


stressorsnegativelyaffecttheaquaticecosystemandtheinteractionsbetweenstressors.This


chapteralsodescribeshowflowmanagementinteractswithotherstressors,indicatingtheneedfor


includingflowconsiderationsinstrategiesforreducingtheeffectsofstressorsasawhole.Whilea


comprehensiveassessmentofeachstressorisbeyondthescopeofthisreport,eachsection


generallyidentifiesnon‐flowactionsthatarebeing,orshouldbe,takentoaddressstressorsthatwill


beexpandedonintheprogramofimplementation.Manyofthoseactionsarewithinthepurviewof


otheragenciesandentitiesandshouldappropriatelybefurtherdevelopedandimplementedby


thoseagenciesandentities.TheStateWaterBoardwillhelptofacilitatethoseeffortsina


coordinatedfashionwiththeflowactionsdiscussedinChapter5.
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4.2 Physical Habitat Loss or Alteration

Forfish,flowishabitat.Thehydraulicstructuralconditions(depth,velocity,substrate,orcover)


definetheactuallivingspaceoftheorganism(USFWS2010).However,intheDeltawatershed,


therealsohasbeenadramaticlossinotheraspectsofphysicalhabitatsuitablefornativefish


species.Forexample,thechannelsoftheDeltahavebeensignificantlymodifiedbytheraisingof


leveesandarmoringoftheleveebankswithstoneandconcreteriprap.Thisreducesthe


complexityandfunctionalityofhabitatfornativespecies,includingreducingtheincorporationof


woodydebrisandvegetativematerialintothenearshorearea,minimizingandreducinglocal


variationsinwaterdepthandvelocities,andsimplifyingthecommunitystructureofthe


nearshoreenvironment(NMFS2009a).Habitatlossexacerbatestheeffectsofotherstressors,


especiallyinecosystemswithlowfreshwaterflows(Mountetal.2012).Increasedhabitat


complexityandhydrologicconnectivityisneededtomaximizetheeffectivenessofincreasedflows


insupportingnativefish(Mountetal.2012).


AreconciliationstrategyhasbeenproposedfortheDelta,“thatblendstheneedsofhumansandthe


ecosysteminalandscapeandhydrologythathasirreversiblychanged”(Hanaketal.2011).


Reconciliationincludesactionstocreatebetterconditionstosupportnativespecies,recognizing


thatareturntopristineorhistoricalconditionsisnotpossible,particularlyinareasthathavebeen


transformedbyfarmingandurbanization.Amulti‐agencycollaborationamonggovernment,


academia,andnon‐governmententities,guidedbybestavailablescienceandadaptivemanagement,


isneededtoimplementactionstorestoreandpreservemarsh,riparian,anduplandhabitatinthe


Deltaanditstributaries(Mountetal.2012)inacoordinatedfashionbetweenupstreamand


downstreamactionsaccountingfortheeffectsofexistingandfutureclimatechange.Actionsmay


includelandacquisitiontopreparetidalmarshesandotherhabitatsforhighersealevel,acquisition


andpreservationofriparianandfloodplainhabitat,breachingorremovingleveestoincrease


connectivitybetweenfloodplainsandopenwater,andperiodicfloodingtoencourageestablishment


andpreservationofnativeriparianhabitat.


Federal,state,andlocalagenciesaswellasnon‐governmentalorganizationshavemadeandare


makingsignificantinvestmentsinhabitatrestorationtobenefitnativespecies.Someofthemajor


effortsarediscussedbelowandinthespecifichabitatsectionsthatfollow,thoughmanysmaller


projectsarealsobeingundertaken.


TheEcosystemRestorationProgram(ERP),amulti‐agencyeffort,betweenCDFW,USFWSandNMFS


primarily,wasformedtoimproveandincreaseaquaticandterrestrialhabitatsandecological


functionintheDeltaanditstributaries.TheERPhasimplementedrestorationprojectsthrough


grantsadministeredbytheERPGrantsProgram,withover700milliondollarsdedicatedto


restorationandotherbetweenasof2014forover500restorationprojects.ERPprojectsinclude


enhancementorrestorationofover9,000acresofhabitataswellasprotectionofover48,000acres


ofexistinghabitatincluding,butnotlimitedto,non‐tidalperennialaquatic,riparianandriverine


aquatic,freshwateremergentwetland,andseasonalwetlandhabitatsontheSacramentoRiver,


FeatherRiver,andBigChico,Butte,Clear,andMillCreeks(ERP2014b).


In2014,theWaterQuality,Supply,andInfrastructureImprovementActwasenactedallocating


significantadditionalfundingforrestorationandrelatedprojectsintheBay‐Deltawatershed,


includingnearly1.5billiondollarsforecosystemandwatershedprotectionandrestorationprojects


(CaliforniaNaturalResourcesAgency2015).CaliforniaEcoRestore,aCaliforniaNaturalResources


Agencyinitiativeimplementedincoordinationwithstateandfederalagenciestoadvancethe
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restorationofatleast30,000acresofDeltahabitatby2020isproposedtobefundedinpartby


Proposition1.EcoRestorerestorationtargetsinclude3,500acresofmanagedwetlands,9,000acres


oftidalandsubtidalhabitat,and17,500acresoffloodplainrestoration,aswellasfishpassage


improvements(CaliforniaNaturalResourcesAgency2016b).


Inadditiontotheaboveefforts,in1992,CongresspassedtheCVPIA(Title34ofPublicLaw102‐


575)inordertoaddressimpactsoftheCVPonfish,wildlife,andassociatedhabitats.Included


amongthepurposesoftheCVPIAisto“contributetotheStateofCalifornia’sinterimandlong‐term


effortstoprotecttheSanFranciscoBay/Sacramento‐SanJoaquinDeltaEstuary.”Todate,significant


fundinghasbeenprovidedforrestorationeffortsintheBay‐Deltawatershed.The2016federal


budgetincluded$49.5millionfortheCVPIARestorationFundforprojectssuchasAmericanRiver


spawningandrearinghabitat,ClearCreekspawninggravelsandchannelrestoration,and


aandareassociatedwithwatertemperatureabove20°C,longwat).TheseCVPIARestorationFund


FundprojectswereconsistentwiththeconservationprioritiesidentifiedbyERP.


TohelpguiderestorationeffortsintheDelta,theSanFranciscoEstuaryInstituteandtheAquatic


ScienceCenterthroughtheDeltaLandscapesProjecthasproducedaninstructivereporttitled:A


DeltaRenewed:AGuidetoScience‐BasedEcologicalRestorationintheSacramento‐SanJoaquinDelta.


Thereportemphasizesprocess‐basedrecoveryoflandscapefunctionsthatintegratenaturaland


culturalprocesses,andmaximizeresiliencetoclimatechange,invasivespecies,andother


challenges.(SFEI‐ASC2016.)Thereportincludesregionalrecommendationsandon‐the‐ground


strategies,anddiscussesthepotentialforestablishingsmaller,modifiedlandscapesthatare


resilient,productive,sustainable,andsupportiveofpeopleandnativewildlife.


ThehabitatwithintheBay‐Deltacanbedividedintodistinctsegmentsthatincludetidalmarshin


thenorthandsouthDeltaandSuisunMarsh,riparianhabitatandopenchannelsthroughoutthe


Deltaanditstributaries,andfloodplainandwetlandhabitatinthenorthandsouthDeltaandits


tributaries(Mountetal.2012;Whippleetal.2012).Eachhabitatisdiscussedinmoredetailbelow.


4.2.1 Riparian Habitat and Open Channels

Riparianvegetationisacriticalresourcefornativeaquaticspecies,providingnumerousimportant


habitatfeaturesincluding:shade,refugia,habitatstructure,foodresourcesandotherfunctions.


Historically,theSacramentoRiversystemandsurroundingtributariesincludedsignificant


vegetatedriparianareasincludingstandsofoak,cottonwoodandotherdeciduousandconiferous


trees(Roodetal.2003)aswellasvines,shrubs,andgrassesthatsprungupwhenfluvialandalluvial


sedimentsandtheirassociatedflowsweremoreprevalent(Robertsetal.1980;Whippleetal.


2012).


TheSacramentoRiverhad800,000acresofriparianvegetationin1848butonly12,000acresor


about1percentremainedby1972(SandsandHowe1977).Theconversionofforeststoorchard


andfieldcrops,logging,streambankstabilization,channelization,andfreshwaterflowreductiondue


todamsandirrigationallcontributedtothislossofriparianhabitat(Whippleetal.2012).


Channelization,leveeing,andriprappingofriverreachesandsloughsisnowcommoninthe


SacramentoRiversystemandtypicallycreateschannelswithminimalhabitatcomplexity,which


resultsinlowfoodavailabilityandlittleprotectionfromeitherfishoravianpredators(USACEand


CDFG2010).Inaddition,theproliferationofnonnativesubmergedandfloatingaquaticvegetation


significantlydecreasesopenwaterhabitatquantityandqualityfornativefish.
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Acombinationoflanduserestorationactionscoordinatedwithflowactionsareneededtoaddress


theecologicaldegradationcausedbythelossofriparianforestsandconstructionofleveesand


channelizedwaterways.Thoseactionsincluderiparianreforestation,channelmodificationsand


leveldesignandmanagementactions(setbackleveesandotheractions)thatproducemorenatural


hydrologicandgeomorphicprocessesthatpromotenaturalecologicalprocesses.Flowactionsare


neededthatsupportandpromoteriparianprocesses,includingtheestablishmentandmaintenance


ofnativeriparianvegetationandothernaturalhydrologicandgeomorphicprocessesthrough


perennialandperiodicstormflowsthatovertopchannelbanks,saturatesoils,andencourageseed


regenerationandotherfunctions.


Federal,state,andlocalagenciesaswellasnon‐governmentalorganizationshavemadeandare


makingsignificantinvestmentsinriparianrestorationprojectstobenefitnativespecies,including


throughtheERP,CVPIAandotherprogramsandprojects.Forexample,asignificantefforthasbeen


madetorestorehabitatonBattleCreek,oneofthemoreecologicallyvaluabletributariestothe


Delta.Over$110millionhasbeeninvestedintheBattleCreekSalmonandSteelheadRestoration


Project,whichisacollaborativeeffortbetweenReclamation,USFWS,NMFS,CDFW,andPG&E.The


BattleCreekProjectseekstoreestablishapproximately42milesofprimesalmonandsteelhead


habitatonBattleCreek,atributarytotheSacramentoRiver,byimprovingfishpassageandrestoring


ecologicalprocesses(Reclamation2016).


4.2.2 Tidal Marsh Habitat

ExtensivefreshwatertidalmarshesintheBay‐Deltawatershedhistoricallyprovidedcriticalhabitat


formanynativespecies.Tidalmarshhabitatsupportsmanynativeplantspeciesandsustains


diversefoodwebsandecosystemprocesses(Atwateretal.1979).Networksofsloughsalsoprovide


habitatstructureandcoolwaterrefugiaduringsummerheatspells(Mountetal.2012).Tidal


marshesalsoinfluencetherecyclingandretentionofnutrients.


Tidalmarsheshavechangeddramaticallyoverthepast150years,largelyduetofillinganddiking


(Figure4.2‐1)(Atwateretal.1979;Nicholsetal.1986;Moyle2002;Whippleetal.2012).TheDelta


currentlysupportslessthan10,000acresoftidalwetland,allofwhichissmallandfragmented


(USFWS2008).Thisrepresentsabout3percentoftheacreageoftidalwetlandbeforethegoldrush


(Whippleetal.2012)andlessthan30percentoftidalmudflatsandwetlandoriginallypresentin


SanFranciscoBay(Callawayetal.2011).Landscapechangesofthismagnitudesuggestcomparable


changesinthemagnitude,transport,andfateofestuarinederivedorganicmatterandprimary


production(Brownetal.2016).Theconversionoftidalwetlandstodikedseasonalwetlands


resultedinhabitatlossformanynativespeciesincludingDeltasmeltandlongfinsmelt.
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Figure 4.2‐1. Comparison of Historical and Modern Delta Waterways, Tidal Wetland, and Upland
Areas (Whipple et al. 2012)




Alteredtidalmarshhabitatmayberestoredbygrowingtules,cordgrass,andcattailstoreverse


subsidence(WilsonandPeter1988;Milleretal.2008).Alternatively,breachingorremovaloflevees


alongwithbetterflowmanagementmayrestorehydrologicconnectivityandimprovetidalmarsh


habitatsinanticipationofsealevelrise(Mountetal.2012).Brownetal.(2016)recommendthat


tidalwetlandrestorationintheDeltabeconductedasanexperimentalprogrambecausethereare


stillmanyunansweredquestionsabouttheoutcomeofplannedrestorationactions.Adoptionofan


experimentaladaptivemanagementapproachmayachievethemostfornativespeciesinthelong


runwiththelimitedresourcesavailable.


Effectivenessmonitoringofrestorationactivitiesisimportanttodeterminethecapacity,


opportunity,andrealizedfunctioningoftidalwetlandstomeettheneedsofnativefishandother


aquaticspecies.TheIEP,amultiagencycollaborativemonitoring,research,modeling,andsynthesis


efforttoinformplanningandregulatorydecisions,hasformedaTidalWetlandMonitoringProject


WorkTeam(Team).ThepurposeoftheTeamistocollaborateonthedesignofmonitoring


programsforfishandfoodwebresourcesinrestoredtidalwetlandsintheBayDeltasystem.Inthis


effort,theTeamhasdevelopedamonitoringframeworkthatincludeseffectivenessmonitoringtools


andproject‐specificmonitoringplanstoinformadaptivemanagementandplanningforfuture


projects.TheDeltaRestorationNetworkhasalsobeendevelopedbytheSacramento‐SanJoaquin


DeltaConservancy(DeltaConservancy)asaforumforinformationsharingandcoordinationto


ensureanintegratedandaccountablerestorationprogramintheDelta.Thepurposeofthenetwork


istocoordinateandintegraterestorationactionstoensureintegratedperformancetrackingamong


governmentalandnon‐governmentalentitiesengagedinrestorationandhabitatmanagementinthe


DeltaandSuisunMarsh(DeltaConservancy2015).
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SuisunMarshisthelargestexpanseoftidalmarshintheBay‐Deltaandisthelargestremaining


brackishwetlandinwesternNorthAmerica(O’RearandMoyle2009).Themarshprovides


importanthabitatformanybirds,mammals,reptiles,andmorethan40fishspecies(O’Rearand


Moyle2009;ReclamationandUSFWS2014).Italsoprovidesimportanttidalrearingareasfor


juvenilesalmonids.SuisunMarshcurrentlyconsistsofavarietyofhabitats,includingmanaged


dikedwetlands,unmanagedseasonalwetlands,tidalwetlands,sloughs,anduplandgrasslands.It


encompassesmorethan10percentofCalifornia’sremainingnaturalwetlands(Whippleetal.2012)


with6,300acresofitstotal116,000acresintidalwetlands.Asaresultofdiminishedfreshwater


inflowinSuisanMarsh(Feyreretal.2011),increasedsalinityintrusionhasreducedprimary


productivityandbiodiversity(ReclamationandUSFWS2015).


The2014SuisunMarshHabitatManagement,Preservation,andRestorationPlan(SMP)isintended


tobeaflexible,science‐based,managementplandesignedtoaddressthevariedbeneficialusesof


SuisunMarsh,withafocusonachievinganacceptablemulti‐stakeholderapproachtotherestoration


oftidalwetlandsandthemanagementofmanagedwetlandsandtheirfunctions.TheSMPis


intendedtoguidenear‐termandfutureactionsoverthenext30yearsrelatedtorestorationoftidal


wetlandsandmanagedwetlandactivitiesinSuisunMarsh.TheSMPproposesthatReclamationand


DWRimplementaPreservationAgreementImplementationFund(PAIFund).ThePAIFundisa


singlecost‐sharefundingmechanismthatwouldcontributetothefundingofsomeactivitiesneeded


toimprovemanagedwetlandfacilityoperationsandtoimplementrestorationactions.(Reclamation


andUSFWS2015).TheSMPandotheractivitiesshouldcontinuetobeimplementedtoprotect


nativespeciesinSuisunMarshandothertidalareas,includingappropriatemonitoring,evaluation


andcoordination.PeriodicupdatesshouldbeprovidedtotheStateWaterBoardandpublicon


progresswith,andeffectivenessof,restorationandmanagementactions.

4.2.3 Floodplain and Wetland Habitat

Functioningfloodplainsareimportantcomponentsoftheaquaticecosystemprovidingabundant


foodandrefugia,spawninggroundsandothercriticalhabitfunctions(Jeffresetal.2008;Sommeret


al.2001)(Lietal.1994).Healthyfloodplainsaremorphologicallycomplexandincludebackwaters,


wetlands,sloughs,andconnectedchannelsthatcarryandstorefloodwater.Floodplainareascan


constituteislandsofbiodiversitywithinsemi‐aridlandscapes,especiallyduringdryseasonsand


extendeddroughts(ERP2014a).


AsignificantamountoffloodplainhabitatintheDeltahasbeenlostthroughthechannelizationof


rivers,includingconstructionofleveesandchannelstraightening,deepening,andlining(Mount


1995).Sincetheearly1800s,freshwateremergentwetlandshavebeenreducedbymorethan70


percentintheDeltaduetolandconversionforagriculturalandurbanuses(Whippleetal.2012).


Atthesametime,waterstorageandconveyance,floodcontrolandnavigationactivitieshave


impairedtheamountandtimingofflowsontothefloodplain.Further,hydraulicmining,especially


intheYubaandFeatherRivers,andotheractivitieshavecausedchangesinsedimentdeposition


withinchannelsandfloodplains,lossofchannelcapacity,andaggradationofrivercourses(Mount


1995).


Somecomplex,productivehabitatswithfloodplainsremaininthesystem(e.g.,SacramentoRiver


reacheswithsetbacklevees[primarilylocatedupstreamoftheCityofColusa]andfloodbypasses


[YoloandSutterBypasses]).Juvenilelifestagesofsalmonidsaredependentonthefunctionofthis


habitatforsuccessfulsurvivalandrecruitment(NMFS2009a).Nativesalmonidsthatrearon


floodplainhabitatintheDeltawatershedgrowlargerandfasterthanfishthatdonotduetohigher
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foodproduction.Inonestudy,zooplanktonbiomasswasfoundtobe10–100timeshigheronthe


floodplainthaninopenriverhabitat(Jeffresetal.2008).EffortsareunderwaythroughEcoRestore


andothereffortstorestorefloodplainhabitatintheDeltawatershedinacollaborativefashionwith


agriculturalpractices.IncludedamongsttheseprojectsisTheKnaggsRanchAgriculturalFloodplain


StudyintheYoloBypasswhichseekstoemulatehighlyproductivesalmonrearinghabitatthrougha


collaborativeeffortbetweenfarmersandresearcherstohelprestoresalmonpopulationsby


reintroducingthemduringwintertoinundatedfloodplainsthatarefarmedwithriceduringthe


summer(CaliforniaTrout2017).


4.3 Water Quality

Waterqualityconditions,includingcontaminantsandassociatedtoxicity,nutrients,lowDO,


increasedtemperature,andreducedturbiditycanadverselyaffectnativefishandotheraquatic


organismsintheBay‐Deltawatershed.Inadditiontoaffectingaquaticorganisms,various


contaminantsmayaffectterrestrialwildlife,includingbirds,andmaybioaccumulateinediblefish


tissuetobecomeahumanhealthconcern.DOconcentrations,turbidity,andtemperaturesareall


parametersdirectlyinfluencedbyflowmanagementthatarediscussedindividuallybelowandinthe


contextofflowelsewhereinthisReport.Contaminantsarealsoaffectedbyflowsbutareprimarily


discussedinthischapter.


4.3.1 Contaminants

ContaminantsareintroducedintoBay‐Deltawaterwaysbypublicallyownedwastewatertreatment


works(POTW),agriculturalandindustrialdischarges,andurbanstormwaterrunoff.Herbicidesand


insecticidesarealsoapplieddirectlytoBay‐Deltawaterwaysforaquaticplantandmosquitocontrol.


Othercontaminantsalreadyexistintheenvironmentnaturallyorarelegacycontaminantsthatare


nolongerinusebutstillpresentintheenvironment.Manyofthesecontaminantscanaffectthe


survivalandfitnessoforganismsandalterfoodwebsandecosystemdynamics.Somecontaminants


mayalsoenterpublicdrinkingwatersourcesandbioaccumulateinediblefishtissuetobecomea


humanhealthconcern(Davisetal.2013).Othertracemetalsandorganiccompoundsbindstrongly


withsedimentmakingthemovementofsedimentamechanismfortheirtransport(Schoellhameret


al.2007).


Ingeneral,contaminanteffectsvarybasedonthemagnitudeanddurationofexposureandspecies‐


specificsensitivity,withinsecticidesandheavymetalsbeingmorelikelytoaffectzooplanktonand


othersmall‐bodiedinvertebrates.Athighertrophiclevels,toxiceffectsfromthesecontaminants


maynotbelethal,butsub‐lethaleffectsmayreduceecologicalfitnessthroughimpairedgrowth,


reproduction,orbehavior,orincreasetheorganism’ssusceptibilitytodisease(Davisetal.2013).


Moreover,theconsequencesofsub‐lethalpollutanteffectsonkeystonespeciesthatplaya


disproportionateroleincontrollingecosystemfunctionmaymanifestthroughouttheentire


ecosystem(ClementsandRohr2009).


Thelevelanddegreetowhichaspeciesisexposedtodifferentcontaminantsvariesbasedona


numberoffactorsincludingthespecies’lifecycle,geographicrangeofthatspecies,contaminant


loadingandotherfactors.ReducedfreshwaterinflowfromtheSacramento‐SanJoaquinRiver


systemmayalsoreducetheestuary’scapacitytodilute,transform,orflushcontaminants(Nichols


1986).Aquaticorganismsmaybesimultaneouslyexposedtocontaminantspresentinwater,
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sediment,and/orfooddependingonthespecies,lifestage,lifehistory,trophiclevel,andfeeding


strategy.Forexample,earlylifestagesofmanyDeltafishspeciesinhabitthesystemduringlate


winterandspring,atimewhenstormwaterrunofffromagriculturalandurbanareascantransport


contaminants,suchasdormantspraypesticidesandmetals,intotheDelta.Earlylifestagesare


generallyfarmoresensitivetocontaminantsthanadultsandthetoxiceffectsofthesecontaminants


maybefarmoreseriousseasonallyforthatreason(Werneretal.2010b;Westonetal.2014).


Bottom‐feedingfishorsediment‐dwellinginvertebratesmayalsobemorelikelytobeexposedto


sediment‐associatedcontaminants(viadietandinterstitialwater),whilepelagic(meaning“open


water”)organismsaremostlyexposedtodissolvedandsuspendedparticle‐associatedcontaminants


inthewatercolumn.


TheBay‐DeltaPlanoperatesinconjunctionwiththeWaterQualityControlPlanfortheSacramento


RiverandSanJoaquinRiverbasinsadoptedandimplementedbytheCentralValleyRegionalWater


BoardandtheSanFranciscoBayRegionalControlBoard,addressingpointsourceandnonpoint


sourcedischargesandothercontrollablewaterqualityfactors.(SeealsoWaterBoards’2008


StrategicWorkplanforActivitiesintheBay‐Delta[and2014updatebytheCentralValleyRegional


WaterBoard].)TheWaterBoardshaveregulatoryprogramsthatcontroldischargesofwastesfrom


wastewatertreatmentfacilities,industrialfacilities,urbanareas,irrigatedagriculturallands,


dredgingoperations,andothersourcesofwastewatertotheBay‐Deltaandtributaries.WaterCode


section13260,subdivision(a)requiresthatanypersondischargingwasteorproposingtodischarge


wastethatcouldaffectthequalityofthewatersofthestate,otherthanintoacommunitysewer


system,shallfilewiththeappropriateregionalwaterboardareportofwastedischargecontaining


suchinformationanddataasmayberequiredbytheregionalwaterboard,unlesstheregional


waterboardwaivessuchrequirement.Wastedischargerequirements(WDR)prescribe


requirements,suchaslimitationsontemperature,toxicity,orpollutantlevels,astothenatureofany


discharge.(Wat.Code,§13260,subd.[a].)WDRsmayalsoincludemonitoringandreporting


requirements.(Seeid.§13267,Cal.CodeRegs.,tit.23,§2230.)


TheWaterBoardsaddresswaterqualityimpairmentsthatarecausedbymultipledischargersby


developingtotalmaximumdailyloads(TMDL),whichsetwaterqualityobjectivesortargetsand


allocateallowableloadstosourcesofcontaminants.TMDLshavebeenadoptedandareinthe


processofbeingimplementedforvariousconstituentsintheDeltaandtheBayasdiscussedbelow.


Overtheyearsthecontaminantsanddischargesourceshavechangedandtherehavebeen


significantimprovementsincontrollingmosttypesofcontaminants.Nevertheless,additionalefforts


arestillneeded.ThereareasuiteofcontaminantsthatposeaconcernforsomeDeltabeneficialuses


andthereisalsoconcernforanemerginglistofnewcontaminantcategories(pharmaceuticalsand


endocrinedisrupters),discussedinmoredetailbelowandtheneedforcomprehensivemonitoring


andassessmentactivitiestoensurethattheoccurrenceandeffectsofcontaminantsareunderstood


andaddressed.


4.3.1.1 Pesticides and Other Pollutants

Watersampleshavedetectedthewidespreadoccurrenceofanumberofpesticidescurrentlyused


throughouttheCentralValleyandBay‐Deltaestuary(Orlandoetal.2013).USGSmeasured26–27


pesticidesortheirprimarydegradationproductinsamplescollectedfromtheSacramentoandSan


JoaquinRiversin2011and2012(Orlandoetal.2013).Theaveragenumberofdetectionswas6and


9pesticidespersample,respectively.Thetoxicityofmostofthesepesticidessinglyorin


combinationtoaquaticlifeislargelyunknown(Orlandoetal.2013;Fongetal.2016).However,


pyrethroidinsecticideshavebeendetectedintheDeltaattoxicconcentrationsasdiscussedbelow
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(Holmesetal.2008;Westonetal.2008),andpyrethroidsandotherinsecticideshavebeen


implicatedasoneofthefactorsinthedeclineinthepopulationofDeltasmeltandotherpelagic


fishes(Sommeretal.2007;Orlando2013;Fongetal.2016).


NegativerelationshipswerefoundbetweentotalpyrethroidinsecticideuseinthesixDeltacounties


andannualFMWTindices(1978–2014)oflongfinsmelt,Deltasmelt,Sacramentosplittail,American


shad,threadfinshad,andstripedbass(Figure4.3‐1)(Fongetal.2016).Pesticideuseexplained


morevariationinrecruitmentthanflowinallspeciesexceptlongfinsmelt,suggestingpyrethroid


insecticidesmaycontributetothedeclineinfishrecruitment(Fongetal.2016),thoughthereisa


strongrelationshipbetweenpesticideconcentrationsandflow.Thetoxicologicalmechanisms


responsibleforreducedfishrecruitmentarenotknown,althoughpyrethroidinsecticideshavebeen


documentedtoinducenervous,immune,muscular,andosmoregulatoryimpactsatthegeneticlevel


inDeltasmelt(Jeffriesetal.2015).Pyrethroidinsecticideshavealsoelicitedhistopathological


lesions,stressresponses,andabnormalitiesinsplittaillarvae(Tehetal.2005).Salmonidsmayalso


benegativelyaffectedbyinsecticidesattheneurophysiologicallevelassuggestedbyarecentstudy


thatshowedthattheeffectsofpyrethroidsledtodecreasedfeedingbehaviorinjuveniles(Baldwin


etal.2009).Pyrethroidinsecticidesalsomaynegativelyaffectfoodresourcesfornativefish.Weston


etal.(2010a)measuredtoxiceffectsleadingtodeathorreducedswimmingabilityintheamphipod


HyalellaAztecainsamplescontainingurbanrunoffcollectedfromthecitiesofSacramentoand


Vacaville.Toxicconcentrationsofpyrethroidinsecticideshavealsobeendetectedinsediment


samplescollectedfromwaterbodiesdrainingagriculturalandurbanareasintheCentralValley


(Westonetal.2014),includingthosewithwastewatereffluent(WestonandLydy2010).Atsome


locations,peakpesticideconcentrationsduringrunoffeventscoincidedwithhighpopulation


densitiesofDeltasmelt(Bennett2005;KuivilaandMoon2004).


ApyrethroidpesticidecontrolprogramfortheCentralValleyandtheDeltaisbeingdevelopedby


theCentralValleyRegionalWaterBoardthatincludes:aconditionalprohibitionofdischargesof


pyrethroidpesticidesabovecertainconcentrationsintosurfacewaterswithaquaticlifebeneficial


uses;TMDLsinselectedsurfacewaters;recommendationsforagenciesthatregulatetheuseof


pesticides;monitoringrequirementsandotherprovisionstoensuredataandinformationis


producedtoassessprogressandinformfutureWaterBoardactions;andpoliciesandmonitoring


requirementsthataddressalternativepesticidestopyrethroids.
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Figure 4.3‐1. Least Squares Regressions with 95 Percent Confidence Intervals for FMWT Species
Abundance as a Function of Annual Pyrethroid Pesticide Use in Six Delta Counties (1978–2014)
(From Fong et al. 2016)




Herbicideapplicationsforcontrolofinvasiveaquaticplantsmayalsohavenegativeeffectsonnative


fishandinvertebrates.TheCaliforniaDivisionofBoatingandWaterways(CDBW)applies


glyphosate,2,4‐DandImazamoxherbicidesdirectlytowaterbodiestocontrolinvasiveaquatic


weeds(CDBW2017).Closeto4,300acresofwaterwaysweretreatedin2016forcontrolofwater


hyacinth,Brazilianwaterweed,andcurlyleafpondweed(CDBW2017).Likeinsecticides,littleis


knownaboutthetoxiceffectoftheseherbicidessinglyandincombinationonaquaticlife.The


herbicidesmaydecreasethehealthofDeltafishspeciesandtheirprey(Fongetal.2016;Hasenbein


etal.2017).Sub‐lethaleffectssuchasdecreasedconditionfactorsandenergyreserveswere


measuredinDeltasmeltinresponsetomixturescontainingImazamox(Hoffmanetal.2017).
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Similarly,Imazamoxglyphosate,2,4‐D,andfluridoneherbicideswerefoundtoinducesub‐lethal


effectsinDeltasmeltembryosandlarvaeandcausemortalitytoE.affinisatconcentrations


measuredintheestuary(Stillwayetal.2016).


MosquitoandVectorControlDistrictsuseIntegratedPestManagement(IPM)tocontrolmosquito


populationsincountiessurroundingtheDelta(Sacramento‐YoloMosquito&VectorControlDistrict


2014).IPMincludesbiological,physical,and,asalastresort,chemical/microbialcontrol.The


chemicalandmicrobialagentsusedareorganophosphateandpyrethroidinsecticides,Bacillus


thuringensisandB.sphaericus,twobacterialextracts,andtheinsectgrowthregulatormethoprene.


Chemicalapplicationsincludedirectapplicationsonstagnantsurfacewaterincludingseasonally


floodedwetlands.Thesechemicalsareappliedattoxicconcentrationstokillmosquitolarvaeand


likelyalsoinjureothersmallinvertebrates.


TheStateWaterBoardadministersstate‐widegeneralNationalPollutantDischargeElimination


System(NPDES)permitsforpesticides,includingaquaticanimalinvasivespeciescontrol,spray


applications,vectorcontrol,andweedcontrol.Thesepermitsrequirecompliancewithapplicable


waterqualitystandards,bestmanagementpractices,andcompliancewithrelevantfederalandstate


law(includingDepartmentofPesticideregulations).Thepermitsdonotauthorizedischargesof


chemicalsinwaterbodieslistedasimpairedforthatspecificchemical.Thepermitsinclude


monitoringandreportingprovisions,andcontainrequirementsforcorrectiveactionintheeventof


anyadverseeffectonafederallylistedthreatenedorendangeredspeciesoritsfederallydesignated


criticalhabitat,thatmayhaveresultedfromthechemicalapplication.


Fongetal.(2016)andHealeyetal.(2016)recommendedthatadedicatedcontaminantmonitoring


andassessmentprogrambeestablishedintheDeltatobetterunderstandthebiologicaleffectsof


pesticideapplicationsonnativefishandwildlife.Adescriptionofcurrentmonitoringeffortsand


potentialimprovementsisdiscussedbelow.


4.3.1.2 Legacy Contaminants

ThereareseverallegacycontaminantsthatarenolongerinusebutarestillpresentintheBay‐Delta


watershed.Organochlorine(OC)pesticideslikedichlorodiphenyltrichloroethane(DDT),chlordane,


anddieldrinarenowbanned,butwereusedextensivelyinagricultureintheCentralValleyhalfa


centuryago(LeeandJones‐Lee2002).LikeOCs,polychlorinatedbiphenyls(PCB),andpolycyclic


aromatichydrocarbons(PAH)arelegacycontaminantsthatwereusedforindustrialpurposesand


werebannedinthelate1970s.OCsandPCBsarelinkedtothyroidandendocrinedisorders,genital


malformities,andcancerinhumans,andhavealsoledtoreproductivedeclinesinbirdsandwildlife


(Bergmanetal.2012).Fishandaquaticorganismscanabsorbthesechemicalsthroughsediment


resultingininfishkillsandharmtolowerfoodchainaquaticinvertebrates(USGS2012;


VivekanandhanandDuraisamy2012).


PresenceoflegacypesticidesinfishtissuecollectedfromCentralValleyriversandtheDeltahas


resultedintheissuanceofadvisoriesrecommendinglimitedhumanconsumptionofsomefish


species(DeVlaming2008).OCandPCBpesticideconcentrationshavedeclinedandwere


significantlylowerinfishcaughtin2005thanduringthe1970s;however,someindividualfishstill


hadconcentrationsabovelevelsofconcernforhumanhealth(DeVlaming2008).PCB


concentrationsinSanFranciscoBaysportfishhavealsodeclinedbutarestillmorethan10times


higherthanthethresholdofconcernforhumanhealthandmayadverselyaffectwildlife(Leeand


Jones‐Lee2002;Davisetal.2007).
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TherearenocontrolprogramsforreducingOC,PCB,orPAHconcentrationsintheCentralValleyor


Deltalargelybecausetherearenofeasiblemeansfordoingso.TheSanFranciscoBayRegional


WaterBoard,however,adoptedaPCBcontrolprogramin2007(SanFranciscoBayRegionalWater


Board2007).PeriodicfishtissuemonitoringshouldcontinuetobeconductedforOCs,PCBs,and


PAHsintheCentralValleyandSanFranciscoBaytoestablishwhenconcentrationsoftheselegacy


chemicalsarenolongerofconcernforhumanandwildlifehealth.


4.3.1.3 Endocrine Disruptors

Endocrinedisruptingchemicals(EDC)aresubstancesfoundinpesticides,personalcareproducts


andpharmaceuticals(PCPPs),householdcleaningproducts,andindustrialchemicalsthatdisrupt


theendocrine(hormone)systemoffishandwildlife(Branderetal.2016;Fongetal.2016).Atthe


organismallevel,EDCsimpairreproductivehealthanddevelopmentandcancausetumorsand


malformities.AtthepopulationlevelEDCscanleadtoskewedsexratios(Fongetal.2016;Bergman


etal.2012)resultingindeclinesinpopulationabundanceofaquaticorganisms(Bergmanetal.


2012).


SpecialstudiesintheBay‐DeltaestuaryhaveshownthatEDCsubstancesarepresentandmaybe


causingorganismalandpopulationleveleffects(Branderetal.2013;Tadesse2016;Riaretal.


2013).SkewedsexratiosweredocumentedinMississippisilverside(Menidiaaudens)atsiteswith


highurbanrunoffinSuisunMarsh(Branderetal.2013).Sacramentosplittailandotherfishhave


shownevidenceoffeminizationthroughhighlevelsoffemaleeggyolkproteinexpressioninmales.


WatersampleswithEDCmixtureswerecollectedinthesameareasthatfeminizationoccurred


(Tadesse2016).ImpactsofEDCswerealsoobservedininvertebratesalmonpreyintheAmerican


River.However,thechemicalsdidnotappeartobeatconcentrationsthataffectedthereproductive


healthoflocalsalmonids(Westonetal.2014;Riaretal.2013;deVlamingetal.2006).


CommonEDCsubstancesintheBay‐Deltaestuaryincludepesticidessuchaspyrethroidsand


fipronil,andPCPPssuchaslatentbirthcontrolhormonesandmicroplastics.Urbanandagricultural


runoffaresourcesofEDCsubstances,asaredischargesfromPOTWs(WestonandLydy2010;Fong


etal.2016).PCPPsmaybehardtodetect(Fongetal.2016).Becauseofdetectiondifficulties,EDCs


arealsodefinedasasubsetofagroupofchemicalscalledcontaminantsofemergingconcern(CEC)


(Andersonetal.2010).Generally,CECsarenotcommonlymonitoredintheenvironmentbuthave


thepotentialtocauseadverseecologicalorhumanhealthimpacts(Klosterhausetal.2013).The


WaterBoardshavevariousmonitoringprogramsandspecialstudiesfordrinkingwaterand


recycledwaterforCECs,includingendocrinedisruptors.


TheStateWaterBoardconvenedaScienceAdvisoryPanelin2010toidentifystrategiesand


methodsforregulatingCECs,includingEDCsubstances,inrecycledwater.Thepanel’sprimary


recommendationsweretodevelopanalyticalmethodstomeasurechemicalconcentrationsandto


identifytriggerlevelsforbiologicalassessment(Andersonetal.2010).TheStateWaterBoard’s


OfficeofInformationManagementandAnalysis(OIMA)iscoordinatingeffortstogatherinformation


anddevelopamonitoringprogramforCECsubstancesintheBay‐DeltaestuarywithRegionalWater


Boardassistance.OverallgoalsofOIMA’sprogramincludeverifyingtheoccurrenceofCECsinwater,


sediment,andtissuesamplestobetteridentifystatusandtrendsandthebiologicalimpactsofCECs


onaquaticorganisms(Tadesse2016).ThisinformationwouldbereviewedbytheCentralValleyand


SanFranciscoBayRegionalBoardstodeterminewhethercontroleffortsarewarranted.Anexisting


stakeholder‐drivenRegionalMonitoringProgram(RMP)forCECsinSanFranciscoBaymayprovide
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informationtoinformfuturecontrolprograms(Tadesse2016;RMP2014).Similarmonitoring


programsareunderdevelopmentfortheCentralValleyandBay‐Deltaestuary.


4.3.1.4 Ammonia/Ammonium

Ammoniaisatoxicchemicalwiththepotentialatelevatedconcentrationstoreducegrowth,


reproductionandsurvivalofaquaticorganisms(USEPA2013).Ammoniaexistsintwoformsinwater:


un‐ionizedammonia(NH3)andammonium(NH4).TheequilibriumbetweenNH3andNH4depends


primarilyonpHandtoalesserextentontemperatureandsalinity(USEPA2013).NH3isthemore


toxicofthetwoforms.BothNH3andNH4arepresentineffluentfromPOTWsandconfinedanimal


facilities.AdditionalsourcesofNH4totheDeltaincludeagriculturalandurbanrunoff,atmospheric


depositionandinternalnutrientcycling(NovickandSenn2013).


Toxicityhasbeenobservedinbioassaysatammoniaconcentrationscomparabletothosemeasuredin


theSacramentoRiverandDelta.TheUSEPAcriteriasummaryofammoniatoxicityfoundthatunionid


musselswerethemostsensitivewarm,freshwateraquaticorganismsevaluated,whilejuvenile


salmonidswerethemostsensitivecoldwaterfishspeciestested(USEPA2013).Surfacewater


monitoringintheDeltadeterminedthatammoniaconcentrationswerelowerthanvaluesreportedto


betoxictofreshwaterunionidmusselsandjuvenilesalmonids(Foeetal.2010).Acute7‐daylarval


DeltasmeltbioassaytestingwasconductedwithambientsurfacewaterfromtheDeltaamendedwith


ammonia,thoughnotoxicitywasdetected(Werneretal.2010b).However,Deltasmeltexposedto


ammoniaatconcentrationsmeasuredintheDeltaexhibitedimmuneandmuscularsystem,


developmental,andbehavioralabnormalities(Connonetal.2011;Hasenbeinetal.2014).Ammonia


concentrationscomparabletovaluesmeasuredintheSacramentoRiverweretoxicto


PseudodiaptomusforbesiandHyallelaazteca,importantfoodresourcesfornativelarvalfishes


includingDeltasmelt(Tehetal.2011;Werneretal.2010a,2010b).


Ammoniaconcentrationsmayalsohavenegativeeffectsonalgalprimaryproduction,standing


biomass,andspeciescompositionintheDelta.Theeffectofammoniaconcentrationsonalgal


primaryproductionandspeciescompositionintheDeltaiscontroversial(Dahmetal.2016;Cloern


al2014).SomerecentworkhasindicatedthatelevatedNH4levelsreducealgalprimaryproduction


ratesinwatersamplescollectedfromSuisunBayandfromtheDeltabysuppressingnitrateuptake


(Wilkersonetal.2006;Dugdaleetal.2007;Parkeretal.2012).Highfiltrationratesbytheoverbite


clam,Potamocorbula,andhighturbiditylevelsareadditionalfactorsresponsibleforreducing


primaryproductionandstandingalgalbiomassinSuisunBay.ElevatedNH4levelshavealsobeen


hypothesizedtocontributetotheobservedshiftinalgalspeciescompositionfromdiatomstoblue‐


greensandgreens(Brown2010)byselectingforspecieslesssensitivetoNH4(Glibert2010;Glibert


etal.2011).Theshiftinphytoplanktoncommunitycompositionisbeingquestionedbecauseofdata


qualityissueswiththeinitialalgalcellcountdatathattheGlibertpaperswerebasedupon(SFEI‐


ASC2016).Anon‐peerreviewedreanalysisofthecellcountdatadoesnotsupporttheobservation


thatashiftinalgalspeciescompositionhasoccurred(SFEI‐ASC2016).


TheSacramentoRegionalWastewaterTreatmentPlant(SRWTP),locatedatFreeportonthe


SacramentoRiver,isthelargestPOTWdischargingintotheDeltaandcontributesabout90percentof


theDelta’sannualammoniaload(Jassby2008).TheSRWTPisbeingupgraded,whichshouldreduce


theammonialoadingby95percentormoreby2021(Dahmetal.2016).Healeyetal.(2016)and


Brownetal.(2016)observedthattheupgradetotheSRWTPprovidesauniqueopportunityto


evaluatetheeffectofnutrientreductions,includingammonia,onalgalprimaryproductionratesand


communitycompositionandtheoverallhealthoftheDeltaecosystem
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LowflowsintheestuaryandDeltaaccentuatetheeffectsofdegradedwaterquality,suchashighNH3


andNH4levels.Thus,increasedflowswoulddilutethiscontaminantandenhancewaterqualityby


flushingtheestuarymoreoften.Similarly,enhancedflowsmaydecreaseindirecteffectsofNH3and


NH4,suchasbluegreenalgalbloomswhenexcessnutrientsareinthewater(Brown2010).


TheprimarycontrolandmonitoringprogramsforammoniaarethroughtheCentralValleyRegional


BoardandSanFranciscoBayRegionalWaterBoard.Theregionalboardsregulateammoniain


dischargepermitsthroughapplicationofeffluentlimitsthatimplementnarrativeandnumericwater


qualityobjectives.Inaddition,theIrrigatedLandsRegulatoryProgramregulateswastedischarge,


includingnitrogen‐basedfertilizers,fromirrigatedlandstopreventdischargesfromcausingor


contributingtoexceedancesofwaterqualityobjectives.Monitoringofammoniaisconductedbythe


IEP,NPDESpermitholders,andUSGS.Thetworegionalboardsrecentlyheldajointworkshopto


evaluatetherolethatNH4,othernutrients,andnutrientratiosplayonalgalgrowthandspecies


compositionintheBay‐Deltaestuary.Thegoaloftheworkshopwastoinformfurtherdevelopmentof


nutrientresearchplansandcontrolefforts.


4.3.1.5 Cyanobacteria

Harmfulcyanobacteriaalgalblooms(HAB)havebecomearegularoccurrenceintheDeltasince


1999(Lehman2005;Kurobeetal.2013;Lehmanetal.2013).Microcystisaeruginosaisthemost


commoncyanobacteriaspeciesalthoughAnabaenaspp.andAphanizomenonspp.havealsobeen


detected(BergandSutula2015).Blue‐greenalgalspeciessecretehepatoandcentralnervous


systemtoxins,whichcanbetoxictohumansandaquaticwildlife(Lehmanetal.2008;Bergand


Sutula2015).


ThetoxicologicaleffectofHABspeciesonaquaticlifeintheDeltaisnotknown.Recentresearchhas


measuredmicrocystininzooplankton,amphipods,andfishintheDelta(Lehmanetal.2010,2017;


UCSantaCruz2015).StripedbassandMississippisilversidescollectedfromtheDeltahadliver


lesionsconsistentwithsub‐lethalexposuretomicrocystin(Lehmanetal.2010).Laboratorystudies


withthreadfinshadandSacramentosplittailfedMicrocystiscontaminatedfooddevelopedsimilar


liverandgonadallesions(Acuñaetal.2012a,2012b).ThesurvivalofE.affinisandP.forbesiwas


reducedinlaboratorybioassayswithincreasingconcentrationsofdissolvedmicrocystinalthough


thelevelsinducingtoxicitywerehigherthancommonlymeasuredintheDelta(Geretal.2009).


SurvivalofbothcopepodspecieswasreducedwhenMicrocystisexceeded10percentoftheirdiet


(Geretal.2010).DissolvedmicrocystinconcentrationsintheDeltahaveoccasionallyexceededboth


theOfficeofEnvironmentalHealthandHazardAssessment’sactionlevelforhumanhealthandthe


WorldHealthOrganization’srecreationaluseguideline(BergandSutula2015).


ThemagnitudeandfrequencyofHABsareinfluencedbyanumberofenvironmentalfactorsthatare


becomingmorecommonintheDelta.Theseincludehigherwatertemperature,longerwater


residencetime,increasedwaterclarity,salinity,andhighnutrientconcentrations,particularly


ammonia.MicrocystisbloomsoccurnowduringthesummerandfallinthecentralDeltaandare


associatedwithwatertemperatureabove20°C,longwaterresidencetime,highirradiance,and


elevatedammoniumconcentrations(Jacobyetal.2000;BergandSutula2015).Ammoniumhas


beenthepreferrednitrogensourceforcyanobacteriabloomsintheDelta(Lehmanetal.2017).


Manyoftheseenvironmentalfactorsaremorecommonduringdroughtyearswhichmay,atleast


partially,explaintherecentincreaseincyanobacteriabloomsintheDelta.Climatechangeisalso


associatedwiththesefactorsandmayresultinincreasingthefrequencyandmagnitudeofHABsin


thefuture(Lehmanetal.2017).However,climatechangeisalsoassociatedwithsealevelriseand
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increasingsalinitiesintheDelta.Salinitiesgreaterthan10pptsuppressMicrocystisgrowth(Berg


andSutula2015).


CyanobacteriaandtheirtoxinlevelsarenotroutinelymeasuredintheDeltainspiteoftheirregular


occurrenceatpotentiallytoxicconcentrations.Brownetal.(2016)recommendthat“quantitative


monitoringshouldbedevelopedandimplementedsobloomsandtheireffectonfoodwebscanbe


betterunderstood.”TheCentralValleyRegionalWaterBoardisdevelopingaresearchplanto


determinewhethernutrientcontrol,includingammonia,wouldreducethemagnitudeand


frequencyofcyanobacteriabloomsandtoxinformationintheDelta.


4.3.1.6 Selenium and Mercury

Seleniumisanessentialmicronutrientatlowlevelsbuttoxicathigherconcentrations(Chapmanet


al.2009).Themostlethalformsofseleniumareselenomethionineandselenocysteine(Chapmanet


al.2009).Bothorganicformsofseleniumareproducedbymicroorganismsandbiomagnifyin


aquaticfoodchainswithdietbeingtheprimaryrouteofexposure(Lemly1985;Chapmanetal.


2009).Athighconcentrations,seleniumisareproductivetoxicant(Chapmanetal.2009).Ithas


beenshowntobiomagnifyintheinvasiveclam,Potamocorbula,whichisafoodsourceforbottom


feedingfishsuchassturgeon(Linvilleetal.2002).Highseleniumconcentrationswereshownto


causereproductiveharmtosturgeon(Linares‐Casenaveetal.2015;Stewartetal.2004).


Historically,theprimarycontrollablesourcesofseleniumtotheSanFranciscoestuarywere


subsurfaceagriculturaldrainagefromthewestsideoftheSanJoaquinValleyanddischargeofoil


processingwastefromrefineriesintheNorthBay(81FR46030).TMDLswereadoptedtocontrol


loadsfrombothsources.Overthelastdecade,theloadsfromagriculturalandrefinerysourceshave


beensignificantlyreduced.Inrecentyears,theaverageseleniumwaterconcentrationsintheBay


havebeen~0.1partsperbillion(ppb)in2011,muchlowerthantheexistingwaterqualityobjective


of5ppb.Ambientwatercolumnconcentrationsandseleniumlevelsinfisharegenerallybelowthe


targetsestablishedbytheNorthSanFranciscoBayTMDLadoptedin2015.Onlybottomfeeding


specieswithahighproportionofPotamocorbulaintheirdiet,suchaswhitesturgeon,show


seleniumconcentrationsthatareoccasionallyhigherthantheTMDLtargetof11.3microgramper


gram(µg/g)(Baginska2015).Seleniumconcentrationsinallothersportfisharewellbelowlevelsof


concernforhumanhealth.


MercurywasminedintheCaliforniaCoastRangeandusedingoldminingintheSierraNevada


(Churchill2000).Theminingresultedinwidespreadinorganicmercurycontaminationinwater


coursesintheCoastRange,valleyfloorandSierraNevada.Methylmercuryisthemosttoxicformof


theelementandisproducedbysulfatereducingbacteriainanaerobicsediment(Compeauand


Bartha1985;Gilmouretal.1992).AsdescribedinSection4.2,restorationandreconnectionof


floodplainsbenefitecosystemsandnativespeciesinavarietyofways;however,elevatedflowcould


increaseenvironmentalmethylmercurybyfloodingriparianhabitatandseasonalwetlands,which


aretheprimarysourcesofmethylmercuryproductioninnorthernCalifornia(Woodetal.2009).


Controlmeasuresexistforsourcesofinorganicmercury.Forexample,improvingthesediment


trappingefficiencyoftheCacheCreekSettlingBasinwouldreducetheloadsofmercurythatenter


theYoloBypassfromtheCacheCreekwatershed.


Likeselenium,methylmercurybioaccumulatesintheaquaticfoodchainwiththeprimaryrouteof


exposurebeingthroughconsumptionofmercurycontaminatedfish(USEPA1997).Atgreatestrisk


arehumanandwildlifefetusesandyoung(NRC2000).Mercuryhasalsobeenimplicatedintissue


accumulationcausinggill,liver,kidney,andgastrointestinaltractdamagetohighertrophic‐level
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specieslikesturgeonandsplittail(Huangetal.2012;Dengetal.2008).Fishadvisorieswereissued


recommendinglimitedhumanconsumptionofseveralfishspeciescaughtintheCentralValleyand


Bay‐Deltaestuary(OEHHA2009).TheSanFranciscoBayandCentralValleyRegionalWaterBoards


adoptedmercuryTMDLcontrolprogramsforSanFranciscoBayandtheDelta.Fongetal.(2016)


recommendedthatmonitoringbeconductedtocharacterizelong‐termtrendsinbioaccumulative


substancesinfish.Thetrendanalysiswouldserveasaperformancemeasuretoevaluatethe


effectivenessofongoingmercuryandseleniumcontrolprograms.


4.3.2 Dissolved Oxygen

DOiscriticaltothehealthandsurvivalofaquaticorganisms.LowDOconcentrationsorhypoxia


reducesthegrowth,swimmingability,andsurvivalofaquaticorganisms(USEPA1986).DO


concentrationsinwaterwaysareaffectedbymanyenvironmentalfactorsincludingflow,


temperature,salinity,anddischargeofoxygenrequiringsubstances.DOlevelsfluctuatediurnally


withoxygenlevelstypicallybeinghighestduringdaylighthourswhenphotosynthesisproduces


oxygenasabyproduct.DOlevelsalsofluctuateseasonallywithoxygenconcentrationstypically


beinglowestinsummerduringnighttimewhenfreshwaterflowsarelowandwatertemperature


high(Spenceetal.1996;Newcombetal.2010).WarmwaterholdslessDOthancoldwaterand


higherwatertemperaturesalsoincreasethemetabolicandassociatedoxygenconsumptionratesof


aquaticorganismsmakingwarmwaterconditionspotentiallystressfulforaquaticlife(Myrickand


Cech2000).Coldwaterspecies,suchasdevelopingsalmonidembryosandlarvae,areamongthe


mostsensitiveorganismstolowDOconcentrations(USEPA1986).Temperatureandoxygen


requirementsofsalmonidsarediscussedinChapter3.


SeverallocationsintheBay‐DeltaperiodicallyexperiencelowDOconcentrationswhichmayhave


negativeimpactsonnativefish.SevencreeksandsloughsinthesouthernandeasternDeltaand


thelowerCalaveras,Middle,Mokelumne,andOldRiversinthecentralDeltaarelistedasimpaired


becauseoflowDO.TheCentralValleyRegionalWaterBoardhasbeguntoevaluatethecauseof


theselowDOsituations.LowDOalsooccursinlowflowchannelsanddead‐endsloughsinSuisun


Marsh(O’RearandMoyle2009).Fishmortalityhasbeenobservedwhenmanagedwetlandsin


SuisunMarsharefloodedandsubsequentlydrained,releasinglargeloadsoforganicrichmatter


andwaterwithlowDOconcentrationsintoadjacentchannels(O’RearandMoyle2009;Tetratech


2013).TheSanFranciscoBayRegionalWaterBoardisintheprocessofrefiningtheDOobjectives


anddevelopingaTMDLtocorrectthelowDOimpairmentinSuisunMarsh.Inthemeantime,the


SuisunResourceConservationDistricttogetherwiththeduckclubsownershavestartedinterim


actionstoreduceconditionsthatmayproduceDOsagsinmarshsloughs.Asaresult,nofishkills


havebeenobservedinthemarshsince2009.


Sincethe1930s,theSanJoaquinRiverandDWSCnearthecityofStocktonhasexperiencedregular


periodsoflowDO.TheselowDOconditionsoccurredyear‐roundandhaveresultedinfishkillsand


delayedtheupstreammigrationoffall‐runadultChinooksalmon(McConnelletal.2015).In2005,


theStateWaterBoardapprovedtheTMDLwhichincluded,aspartofitsimplementation


requirements,reductionsinpointandnonpointsourcesofoxygenrequiringsubstancesanda


requirementtoassessthefeasibilityofoperatinganexperimentalaerationfacilityintheStockton


DWSC.In2011theassessmentoftheexperimentalaerationdemonstrationprojectwassuccessfully


completedandshowedthataerationimprovedwaterqualitywithnoredirecteddetrimentaleffects.


A5‐yearvoluntaryagreementwasfinalizedin2012thatprovidedfundingforoperationand


maintenancewithpossibleextensionsafter2016.AnupgradeoftheCityofStockton’sRegional
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WastewaterControlFacility(WCF)andtheoperationoftheaerationfacilityhavecontributedto


significantimprovementsinDOconditionsintheDWSC.TheDOwaterqualityobjectivehasbeen


violatedlessthan1percentofthetimesince2013,whenboththeupgradetotheCityofStockton


WCFandtheaerationfacilitywereoperational(McConnelletal.2015).


4.3.3 Sediment and Turbidity

Turbidityisameasureofwaterclarityrelatedtosuspendedsedimentthatisimportantforestuarine


speciesintheBay‐Deltaestuary(Bennett2005;USFWS2001).TheSacramentoRiveristhelargest


sourceofsuspendedsedimenttotheDeltaandisestimatedtohaveprovidedabout85percentof


theloadbetween1999and2005(WrightandSchoellhamer2004).Mostofthesedimententersthe


DeltabetweenDecemberandAprilandiscarriedinfirstflusheventsandinhighwinterstorm


flows.SedimentloadsfromtheSacramentobasinhavedeclinedbyabout50percentsincestream


gagingbeganin1957(WrightandSchoellhamer2004).Constructionofdamsisthoughttobethe


primaryreasonforthedecreasedsedimentload(Schoellhameretal.2016).Damsreducesediment


supplybecauselargereservoirstraptheincomingsedimentloadbehindthedamanddischarge


clearwaterdownstreambelowthedam.Theprimarysourceofsuspendedsedimentinthe


Sacramentobasinisnowfromunregulatedtributariesthatdischargebelowrimreservoirsonthe


valleyfloor(Schoellhameretal.2016).


Turbidityintheestuaryhasdeclinedbyabout40percentoverthelasthalfcentury(Cloernetal.


2011).Thedeclineisattributedtoreducedsedimentinputfromreservoirsandfromthespreadof


submergedaquaticvegetation(SAV)intheDelta(Schoellhameretal.2016).AreasintheDeltawith


thelargestexpanseofSAVhavethegreatestdecreaseinsuspendedsediment(Hesteretal.2016).


SAVslowswatermovement,promotingincreasedsedimentationandreductionsinturbidity.


Between20and70percentoftheincreaseinclarityintheDeltamayhaveresultedfromthe


expansioninSAVcoverage(Hesteretal.2016).


TurbidityaffectsmultipleimportantbiologicalprocessesintheBay‐Deltaestuary.Forexample,


turbidityinfluencestheamountoffoodavailablefortheentirefoodweb.Phytoplanktonproduction


intheestuaryislightlimited(Cloern1999).Decreasingturbiditylevelsincreasealgalproduction


andphytoplanktonbiomass,assumingthatprimaryconsumersareunabletokeepupwiththe


increasingalgalsupply(Dahmetal.2016).Severalnativefishspeciesandtheirinvertebrateprey


arefoodlimited(seeChapter3;Brownetal.2016;Moyleetal.2016).Phytoplanktonarean


importantfoodresourcefortheseorganismsandincreasingfoodlevelsarelikelytoincrease


populationabundance.However,higherwaterclaritymayleadtophytoplanktonblooms,


eutrophication,andharmfulcyanobacteriablooms(Dahmetal.2016).Reductionsinturbidityare


alsoassociatedwithdeclinesinestuarinehabitatforDeltasmelt,stripedbass,andthreadfinshad.


ThesefisharefoundinhighabundancenearX2,anareaofhighturbidity(Hasenbeinetal.2012).


Thereasonforthefishdistributionsarenotaltogetherclear,butlaboratorystudieshaveshownthat


Deltasmeltrequireturbidityforsuccessfulfeeding(Baskervilleetal.2004)andforrefugefrom


predators(Nobrigaetal.2008).TheDeltaSmeltResiliencyStrategyisassessingthefeasibilityof


addingsuspendedsedimenttotheLSZforthebenefitofDeltasmelt(CaliforniaNaturalResources


Agency2016a).Anotherexampleoftheimportanceofturbidityisthepositivefeedbackloop


betweenreductionsinturbidityandexpansionofSAVcoverage.NonnativeSAV,likeEgeriadensa,


arelightlimited.Anexpansionintheirrangepromotesadditionalsedimentation,furtherreductions


inturbidity,andfurtherrangeexpansion(Hesteretal.2015).Monitoringofsedimentviaasentinel


monitoringsystemthroughouttheestuaryshouldbeahighprioritytotracktrendsinsuspended
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sedimentinthewatercolumn,andtobetterunderstandsedimentbudgets,aswellassedimentfate


andtransport.Increasingsedimentloadswithsealevelrisecouldhelpmaintaintidalwetlandsatan


optimalelevationforplantestablishmentandgrowth(Schoellhameretal.2016).


ImprovedreservoirmanagementandSAVcontrolmayincreasesedimentloadingandturbidityin


theDelta.Currently,reservoirscapturepeakfloodflowsandtheirassociatedsuspendedsediment


loadsforfloodcontrol,irrigation,andwatersupply.Studiesshouldbeundertakentodeterminethe


increaseinsuspendedsedimentloadthatwouldresultiffirstflusheventswerebypassedthrough


reservoirsandallowedtobedischargeddownriverchannelstotheDelta.Similarly,astudyshould


beundertakentodeterminetheincreaseinturbidityintheDeltathatwouldresultfromavigorous


aquaticweedcontrolprogram.


4.3.4 Temperature

Watertemperatureisakeyfactorindefininghabitatsuitabilityforaquaticorganisms.Highwater


temperaturecanbestressfulformanyaquaticorganisms(KammererandHeppell2012),


particularlyfishthatarenearthesouthernedgeoftheirdistribution(MatthewsandBerg1997).


Highwatertemperaturealsoincreasesthegrowthanddistributionofmanynonnativespecies,


increasingtheirabilitytosuccessfullycompeteforlimitedfoodandhabitatwithnativeorganisms


(Moyle2002;Kiernanetal.2012).Majorfactorsthatincreasewatertemperatureandnegatively


impactthehealthoftheBay‐Deltaecosystemincludedisruptionsofhistoricalstreamflowpatterns,


lossofriparianforestvegetation,reducedflows,dischargesfromagriculturaldrains,andclimate


change(USFWS2001).ManyofthesefactorsoccurinunregulatedSacramentoRivertributariesand


negativelyaffectsalmonidspawningandrearing.Theeffectofelevatedtemperatureonjuvenileand


adultsalmonidsintributariesisdiscussedinChapter3.


ExposureofChinooksalmonandsteelheadpopulationstoelevatedwatertemperatureisamajor


factorcontributingtotheirdecline(seeSection3.4;MyrickandCech2001).Reductionsincold


waterstorageimpedereservoirsfrommeetingtheirdownstreamwatertemperaturerequirements,


especiallyduringcriticallydryyears(NMFS2009a,2014a).Physicalandoperationalmeasures,


includingTCDsandseasonalstoragetargets,areemployedatCentralValleyreservoirstoimprove


thereliabilityofcoldwaterdischargeduringcriticalsummerandfallspawningandrearingperiods.


Increasingwaterdemandandclimatechangeisexpectedtofurtherlimittheeffectivenessof


reservoirflowandwatertemperaturemanagementinprotectinganadromousfishpopulations


belowreservoirs(Lindleyetal.2007;Cloernetal.2011).Theseconditionsoccurredin2014and


2015whenalackofsufficientinflowandcoldwaterstorageinShastaReservoirresultedinsub‐


lethaltolethalwatertemperaturesinthedownstreamSacramentoRiver,contributingtoverylow


egg‐to‐frysurvivalforwinter‐runChinooksalmon(NMFS2016c).


ThereisrecognitionoftheneedtoimprovedatacollectionandmodelingatShastaReservoirand


otherrimreservoirstobetterunderstandthephysicalprocessesaffectingthermaldynamicsand


determinethemosteffectivestrategiesformeetingthedownstreamtemperaturerequirementsof


salmonids(Andersonetal.2015).Currenteffortstoimprovewatertemperaturemanagementat


ShastaReservoirincludedevelopingarivertemperaturemodel(RiverAssessmentforForecasting


Temperature[RAFT])andincorporatingitintoapublicallyavailableDecisionSupportTool(DST)


(Danneretal.2012;Danner2015).RAFTusesareservoirmodeland7‐daymeteorologicaldatato


predictdownstreamrivertemperatures.RAFTdoesnotmodelthe17kmreachbetweenShastaand


KeswickDams(Danner2015).ThegoalforShastaReservoiristousethesuiteofDSTmodelsto


moreeffectivelymanagethereservoir’slimitedcoldwaterresourcesforprotectionofwinter‐run
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Chinooksalmon.TheDSTwouldlinkreservoirmodels,includingoperationoftheTCD,andRAFT,


withbiologicalmodelsthatevaluatetemperatureexposureandsub‐lethaleffectsondownstream


salmonredds.TheDSTwouldhavethecapabilitytooperateinbothaforeandhindcastmodeto


examinearangeofoperatingalternativesformanagingdownstreamtemperatureswhile


minimizingimpactsoncoldwaterresourcesinthereservoir.IftheDSTissuccessfullydeveloped


andusedatShastaReservoir,thensimilarmodellingtoolsshouldbeconsideredatotherrim


reservoirs.


FlowandtemperaturedatacontinuetobecollectedinShastaReservoiranddownstreaminthe


rivertocalibrate,validate,andrefinethesuiteoflinkedmodelsintheDSTtodeterminepotential


biologicaleffects.ArefinedsuiteoflinkedDSTmodelswouldhavetheaddedvalueofprovidingthe


meanstoevaluatepotentialthermalimpactsofrestorationprojects(riparianforesthabitat


restoration,gravelreplenishment,channelandfloodplainrehabilitation)andalternativesfor


minimizingclimatechange.IftheDSTisfoundtobevaluable,thenitshouldbeexpandedandused


tomanagetemperatureatotherrimreservoirs.


4.3.5 Monitoring and Assessment

Athoroughcontaminantmonitoringandassessmentprogramisneededtoensurethatthenature


andextentoftheeffectsofexistingandnewcontaminantsthatmaybeintroducedintheDeltaare


understoodandaddressedasneededthroughregulatoryandotheractions(Healeyetal.2016).The


CALFEDEcosystemRestorationProgram(CALFEDERP)andtheDSPrecognizedthepotential


negativeeffectsofcontaminantsonDeltaorganismsandidentifiedpollutantsthatentertheDeltaas


atopicrequiringfurtherresearch(DSC2013;Healeyetal.2008;CALFED2000).Fongetal.(2016)


andHealeyetal.(2016)intheirassessmentsof2016Bay‐DeltaSciencealsoconcludedthata


dedicatedcontaminantmonitoringandassessmentprogramwasneededfortheDelta.The


monitoringandassessmentshouldbedevelopedtoanswermanagementquestionsaboutthe


biologicaleffectofnaturalandanthropogenictoxicantsbeingdetectedintheBay.Toanswer


managementquestions,theprogramwillneedtoincludetemporalandspatialchemicalmonitoring


toestablishsources,transport,fate,andtrendsovertime.Chemicalmonitoringshouldbecoupled


withbiologicalstudiestodeterminetheeffectonfishandwildlife.Inthepast,waterquality


monitoringhasemphasizedacutebioassayscoupledwithtoxicityidentificationevaluationsand


chemicalanalysis.Futuremonitoringshouldalsoincludeanevaluationofbiochemicaland


molecularendpointsthatarelinkedtosub‐lethaleffects(Fongetal.2016).TMDLcontrolprograms


havebeendevelopedforanumberofcontaminants,includingbioaccumulativesubstances,like


legacypesticides,PCBs,PAHs,mercury,andselenium.However,thereisnolong‐termfishtissue


monitoringprogramtoascertainwhetherfishtissueconcentrationsaredecliningasexpected.


Periodicspecialstudiesmaybeneededtoanswershort‐termmanagementquestions.Forexample,


beforeandafterstudiesareneededtodeterminetheeffectoftheSRWTPupgradeonnitrogen


cyclingintheestuaryandpotentialchangesofnitrogenconcentrationsonalgalspeciescomposition,


primaryproductionrates,andreductionsinthemagnitudeofcyanobacteriablooms(Dahmetal.


2016;Brownetal.2016).


TheDeltaRegionalMonitoringProgram(DeltaRMP)beganin2015andisnowmonitoringmercury,


pathogens,andpesticidesandsynthesizingnutrientinformationtoidentifyknowledgegapsand


informfuturenutrientmonitoringefforts.ParticipationintheDeltaRMPisrequiredforany


dischargerimpactingDeltawaterquality.Fongetal.(2016)recommendedthattheDeltaRMPbe


supportedtoenableittoevolveintoalong‐termcomprehensivemonitoringandassessmenteffort
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capableofinformingregulatoryandmanagementdecisions.TheDeltaRMPshouldbeclosely


coordinatedwithotherongoingmonitoringeffortsintheestuaryincludingtheSanFranciscoBay


RegionalMonitoringProgram,theEnvironmentalMonitoringProgram,theStateWaterBoard


SurfaceWaterAmbientMonitoringProgram,andtheUSGSNationalWaterQualityAssessment


Program.Closerintegrationofthesedifferenteffortswouldfacilitatebetterinterdisciplinary


evaluationsofdataandleadtoamoreinformedunderstandingofpotentialnegativewaterquality


effectsofcontaminants.Finally,theDeltaRMPshouldinsureregularsynthesisandanalysisofthe


monitoringandbiologicaleffectsdatatobothinformadaptivemanagementandberesponsiveto


managementquestions.

4.4 Nonnative Species

TheSacramentoRiver,Bay‐Delta,andmajortributariestobothSuisunBayandSuisunMarshare


hometoadiverseassemblageofnativeandnonnativespecies.Whilenativespeciesevolvedand


adaptedtotheuniquehydrologyofthearea,nonnativeswereintroducedovertimedeliberatelyand


accidentallybygovernmentagenciesandothers,shipballastwaterreleasesandothervessel


introductions,releasesofaquariumspecies,andbaitbucketreleases(Kimmerer2004).Species


weredeliberatelyintroducedforseveralreasonsincluding:(1)improvingfishingandaquaculture,


(2)providingbaitforanglers,and(3)providingbiologicalcontrolofaquaticpestsordiseasevectors


(Moyle2002).Thereareover250introducedspecies,includingfish,invertebrates,andplants,inthe


Bay‐Delta(CohenandCarlton1995;USFWS2004).


Whennonnativespeciesareintroducedtoanecosystem,theycanhavedirectandindirecteffectson


nativespeciesandaffectecosystemprocesses.Nonnativescanreduceecosystembiodiversityby


placingadditionalstressonnativespeciesthrough(1)competition,(2)predation,(3)hybridization,


(4)habitatinterference,and(5)disease(Moyle2002;Mountetal.2012).RegionsintheBay‐Delta


watershedwiththegreatestalterationinflowaremostdominatedbynonnativespecies(Brownand


May2006;BrownandMichniuk2007).Allpartsoftheecosystemarehighlyinvadedwiththe


majorityofindividualsorbiomassatanylocationbeingintroducedorganisms(Brownetal.2016).


Thepresenceofsomanynonnativespeciesisconsideredamajorimpedimenttorecoveryofnative


taxa(Healeyetal.2016).


Nonnativespeciesincludefish,invertebrates,andaquaticplants,eachdiscussedinmoredetail


below.Invasivespeciesareverydifficulttoeradicateonceasuccessfulintroductionhasoccurred;


however,variouseffortshavebeenandcontinuetobemadetoaddresstheproblem.TheCalifornia


NaturalResourcesAgencyrecognizestheimportanceofcontrollingaquaticinvasivespeciesandhas


developedtheCaliforniaAquaticInvasiveSpeciesManagementPlan(CDFG2008).Theplan


providesacomprehensivecoordinatedefforttopreventnewinvasions,minimizeimpactsfrom


establishednonnativeaquaticspecies,andestablishasuiteofpriorityactions.Themanagement


planalsolaysoutaprocessforannualevaluationsoftheprogramsothatitcancontinuetobe


managedinanefficientmanner.Theplanshouldcontinuetobeimplementedwithperiodicreports


totheStateWaterBoardandthepubliconprogressinachievingmanagementgoals.


4.4.1 Fishes

TheBay‐Deltaalonehasroughly51nonnativefreshwaterfishspeciesthathavebecomepartofthe


ecosystem(Moyle2002).IthasbeenacknowledgedbythescientificcommunitythattheBay‐Delta
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estuaryhasbecomeanovelecosystemgivenallthenonnativeintroductions(Moyleetal.2012).


Manyareconsideredtoberecreationallyorcommerciallyimportantsuchasstripedbass,


largemouthbass,andthreadfinshad,allofwhichinteractwithnativespeciesbutsomeofwhichare


alsoindecline(Sommeretal.2007;Moyleetal.2012).Thealteredhydrologycreatesmore


competitivelyfavorableconditionsforspawningandrearingofnonnativespeciesthanfornative


organisms(BrownandBauer2009)suggestingthatareturntoamorenaturalhydrologymaybe


oneofthefewwaysoffavoringnativespeciesattheexpenseofintroducedones(Bunnand


Arthington2002).


NMFSconsiderspredationbynonnativespeciesanimportantfactoraffectingSacramentoRiver


winter‐runChinooksalmon,CentralValleyspring‐runChinooksalmon,CentralValleyfall‐andlate‐


fall‐runChinooksalmon,andCentralValleysteelhead(CDFG2011a).Nativepredatorsofsalmon


andsteelheadincludepikeminnow(Ptychocheilusgrandis),severalavianspecies(BPA2010)inthe


Delta,alongwiththeoccasionalmarinemammal(CDFG2011a;Grossmanetal.2013).Invasive


fishesmayeithereatorcompetewithsmeltsandothernativesforfood(Sommeretal.2007;Moyle


2002),mostnotablycentrarchidssuchasbassspecies,themajoronesdiscussedhere(DSC2013).


Asdiscussedbelow,centrarchidsinterferewithnativespeciesthroughpredationandcompetition


(Grossmanetal.2013).


Silversides(Menidiaberyllina)areanexampleofanonnativespeciesthatbothpreysuponand


competeswithnativespeciesforlimitedfoodresources.Silversidesschoolinlargenumbersover


sandandgravelbottomsandarethemostabundantfishinmanyshallowareasoftheestuary


(Chernoffetal.1981;Krameretal.1987;Moyle2002).Theirdistributionoverlapsthatofnative


specieslikeDeltasmelt,juvenilesalmonids,andSacramentosplittail(Moyle2002).Silversidesmay


outcompeteothersmallplanktivorousfishforlimitedfoodresources(Moyle2002).Theyarealso


voraciouspredatorsonlarvalfishandareabundantinshallowareaswhereDeltasmeltspawn,


especiallyduringlowflowyears(Swansonetal.2000;Moyle2002).Silversidesalsopreyheavilyon


Deltasmelteggsandlarvae(Baerwaldetal.2012).Theintroductionofsilversidescoincidedwith


andmayhavecontributedtothedeclineofDeltasmeltpopulations.Thecontinuedabundanceof


silversidesmayinhibittherecoveryofDeltasmelt(Swansonetal.2000;Moyle2002).Other


importantnonnativepredatorsincludestripedbass,whiteandchannelcatfish,andlargemouth


bass.Thesespeciesalsobettertoleratehighlyalteredenvironmentscharacterizedbylowflowand


lowDOconditionsthannativespecies(Moyle2002;Feyreretal.2004).


PredationbynonnativefishonChinooksalmonlarvaeremainsacontroversialissueintheBay‐Delta


estuary(Grossmanetal.2013).Removalofstripedbassorotherpredaciousfishspecieshasbeen


suggestedasamethodtoimprovejuvenileChinooksalmonsurvival.Predatorremovalexperiments


improvedjuvenileChinooksalmonsurvivalinsmallareasoftheDeltaforashorttime(Cavalloetal.


2012)butdidnotincreasesalmonsurvivalinthelong‐run(Grossmanetal.2016).Themajorityof


fishpredatorsintheBay‐Deltaarenonnativespecies(morethan20taxa)andmanyconsume


juvenileChinook(Grossmanetal.2016).Removingasinglespeciesincreasesthenumberofother


nonnativecompetitors(Grossman2016).Forexample,afieldstudyfoundthatpredationbyother


nonnativefishtripledafterstripedbassremoval(Cavalloetal.2012).Bridges,waterinfrastructure


facilities,unnaturalbends,andgravelremovalpitsinriverchannelshavebeenidentifiedas


predatorhotspots(Sabaletal.2016).Identificationandmodificationofthesestructurestoeliminate


hidingandambushsitesfornonnativepredatorsmaybealimitedbutmoreeffectivepredator


controlmethodthanpredatorremoval.
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Theextentofpredationbynonnativefishonnativepopulationsremainslargelyunknownsince


multiplestressorsnegativelyimpactnativefish.Predationisonlyoneofthesefactors.Otherfactors


includewarmwater,lowerturbidity,contaminants,andlowflow.Stressorsinteractandmayactin


conjunctionwitheachothersoitisdifficulttodeterminehowmucheachstressoraffectsfishin


isolation.Increasingwinterandspringflowstomaintainlowtemperaturesandelevatedturbidity


maybebettersolutionsforrecoveryofnativespeciesthanpredatorremoval.Thisisconsistentwith


theobservationthatmorepermanentormoreconstantflowscreatedbydamminganddiverting


riverflowsfavorintroducedspecies(MoyleandMount2007;Poffetal.2007).Thereestablishment


ofmorenaturalflowregimesinPutahCreekprovidedhigherspringflows,coolerwater


temperatures,andmoreshadedhabitat,whichimprovednativefishspawningandrearingatthe


expenseofnonnativespecies(MarchettiandMoyle2001;Kiernanetal.2012).Studiesmaybe


warrantedthatexaminetheconsequencesifnonnativefisharenotsalvagedattheSWPandCVP.


TheCVPandSWPsalvagedover32millionstripedbass,3millionsilversides,halfamillion


largemouthbass,and5millionwhitecatfishbetween1992and2005(Grimaldoetal.2009a).More


than95percentofthefishsalvagedattheCVPandSWPfacilitieswerenonnativespecies(Aasen


2016).Notsalvagingthesefishmaybeacost‐effectivewaytoreducethepopulationsizeof


nonnativeswithouthavinganegativeimpactonnativeorganisms.


Fourrecommendationsaremadetoreducetheabundanceanddistributionofnonnativefish


species.First,theCaliforniaFishandGameCommission(CFGC)shoulddenyallrequestsforthe


introductionofnewaquaticspeciesunlessitfindsthattheintroductionwillnothavedeleterious


effectsonnativeorganisms.Second,ReclamationandDWRshouldevaluatethecosteffectiveness


andefficacyofnotsalvagingnonnativefishspeciesattheCVPandSWP.Third,largenumbersof


salmonidsarelostatpredationhotspots(Sabaletal.2016).Studiesshouldbeconductedto


determinethelocationofthesesites,thecharacteristicsthatmakethemvaluableambushsitesfor


predators,andhowthelocationsmightbemodifiedtoreducetheiravailabilitytopredators.Finally,


studiesshouldbeundertakentodeterminetheefficacyofamorenaturalflowpatternfor


discouragingthegrowthandreproductionofnonnativefishspecieswhileincreasingtheabundance


anddistributionofnativetaxainbothupstreamtributariesoftheSacramentoRiverandthe


downstreamBay‐Deltaestuary.


4.4.2 Invertebrates

ThevalueoftheBay‐Deltaestuaryasanurseryareafornativespecieshasbeencompromisedbythe


successfulinvasionofnonnativeinvertebratesincludingseveralspeciesofbivalves,crustaceans,


andjellyfish.Theseorganismsnowdominateboththebenthicandplanktonicenvironmentsofthe


estuaryanddisruptthebaseoftheestuarinefoodweb(Jassbyetal.2002;Sommeretal.2007;


Mountetal.2012).Complextrophicinteractionsmakeitdifficulttopredictthebiologicaleffectof


theseinvasionsonthenativeinvertebratecommunity,includingitscompositionandabundance


(Yorketal.2013).However,observedchangesintheBay‐Deltasuggestashifthasoccurredin


energyflowfromaphytoplankton‐basedpelagicfoodwebtoadetritus‐derivedbenthicfoodweb


(WinderandJassby2011).


PotamocorbulaandCorbiculaflumineaaretwocommonintroducedbivalvesintheBay‐Delta


estuary.Along‐termdeclineinphytoplanktonbiomass(chlorophyll‐a)occurredinSuisunBayafter


theintroductionofPotamocorbulain1986(Figure4.4‐1)(Jassbyetal.2002;Lucasetal.2002;


Kimmerer2006;Jassby2008).CorbiculaflumineaisnativetoAsiaandwasfirstreportedintheBay‐


Deltain1945(CohenandCarlton1995).Asfilterfeeders,thetwoclamspeciesconsumelarge
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quantitiesofphytoplankton,bacterioplankton,andsmallzooplanktonsuchasrotifersandcopepod


nauplii(Greeneetal.2011;Durand2010)whichdecreasesfoodavailabilityforlargerzooplankton


andmysidsthatserveaspreyforfishspeciesintheBay‐Delta(Mountetal.2012).


InvasivebivalveshaveaffectednativefishspeciesintheBay‐Delta.SoonafterthePotamocorbula


invasiontherewasalargedeclineinthecarryingcapacityoftheestuaryforDeltasmelt,longfin


smelt,andstarryflounder(Bennett2005;Moyleetal.2016;seediscussioninChapter3).


RecruitmentperunitDeltaoutflowforlongfinsmeltandstarryflounderdecreasedby4.3±1.4and


3.9±1.51fold,respectivelyandhasnotrecovered(Figure3.5‐2andFigure3.9‐2).Today


Potamocorbuladominatestheentirebrackishtransitionzoneoftheestuary.C.flumineaiswidely


dispersedasthemostabundantbivalvespeciesinthefreshwaterportionoftheDelta(Lucasetal.


2002).Becauseofthewidespreaddistributionofthesetwoinvasiveclams,thereareveryfew


locationsintheestuarywherephytoplanktonassemblagescandevelopasoccurredpriortothetwo


invasions.Reducedstandingchlorophylllevelsareconsideredamajorfactorincontrolling


secondaryproductionandfishabundanceintheestuary(Kimmerer2002;Brownetal.2016).Asa


result,thecapacityofthesystemtoproducefoodforfishisnowmorelimited.Studiesareneededto


determinewhetherphysicalorbiologicalcontrolofPotamocorbulaispracticalandfeasible.


Biologicalcontrolsmightincludeencouragingmorepredationbydivingducksandwhitesturgeon.








Figure 4.4‐1. Clam Abundance and Chlorophyll Concentrations in the Low Salinity Zone before and
after the Invasion of the Clam Potamocorbula in 1987 (vertical dashed line). Figure from Kimmerer
2006.




Betweentheearly1960sandmid‐1990s,eightEastAsianpelagiccopepodsinvadedtheBay‐Delta


estuarywheretheyreplacednativespeciesanddisruptedtheaquaticfoodchain.Thosespecies


includedAcartiellasinensis,Limnoithonasinensis,Limnoithonatetraspina,Oithonadavisae,


Pseudiodiaptomusforbesi,Pseudodiaptomusmarinus,Sinocalanausdoerri,andTortanusdextrilobatus


(OrsiandOhtsuka1999).Duringthelate1980sandearly1990s,thenonnativecopepodP.forbesi


largelyreplacedthenativeEurytemoraaffinisasPotamocorbulabecameabundantinthelow‐


salinityreachesoftheestuary(WinderandJassby2011).E.affinisstillachieveshighpopulation


levelsduringspring,butitisreplacedbyP.forbesiinsummerandfall.Whilesmallnativefishsuch




1Mean±standarderror.


A
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assmeltscanswitchbetweenthetwopreytypes,theymaynotbenefitconsumingthenonnative


copepod,P.forbesi,whichisafasterswimmerthanE.affinisandmaybemoredifficulttocatchand


notascost‐efficientapreyitemtoconsume(MengandOrsi1991;Morganetal.1997;Slaterand


Baxter2014;Moyleetal.2016).Someofthesenonnativecopepodsarealsogenerallylessnutritious


fornativefish.P.forbesi,Acartiellaspp.,andLimnoithonaaresmallerthannativecopepodssuchas


Eurytemoraspp.andAcartiaspp.,takemoreenergytocapture,andarelessavailabletopredators


(MengandOrsi1991;WinderandJassby2011;Mountetal.2012).


TheNativemysid,N.mercedis,andtheCrangonidshrimp,Crangonfranciscorum,werecommon


speciesintheestuary.Nativemysidpopulations,whicharethepreferredandmorenutritiousprey


forbothjuvenileandadultnativefishspecies,havedeclined(WinderandJassby2011)andhave


beenreplacedbynonnativesincludingGammarusdaiberi(Kimmerer2004).Arecentunpublished


analysisoftheoutflowrequirementsofimportantintroducedandnativezooplanktonwas


summarizedinChapter3.TheanalysissuggestedthatincreasingnetDeltaoutflowbetweenMarch


andSeptemberwillincreasetheabundanceofEaffinis,P.forbesi,andN.mercedis(Hennessyand


Burris2017).


Twospeciesofjellyfish(Maeotiasmarginata,Moerisiasp.)arenowestablishedinSuisunandSan


PabloBays(ReesandGershwin2000;Wintzeretal.2011).Notmuchisknownaboutthesespecies


butthereisconcernthatthesepredatoryjellyfishwillfurtheraltertheaquaticcommunityby


capturingandconsumingzooplankton,larvae,andjuvenilefish(ReesandGershwin2000).


4.4.3 Aquatic Plants

AsuiteofnonnativeplantshavecolonizedtheDelta(BoyerandSutula2015).Theseinclude


Brazilianwaterweed(Egeriadensa),waterhyacinth(Eichhorniacrassipes),waterprimrose


(Ludwigiasp.),curlyleafpondweed(Potamogetonsp.),andEurasianwatermilfoils(Myriophyllum


spicatum)(Ferrarietal.2013;CDBW2014;DSC2013;BoyerandSutula2015).Nativesubmerged


andfloatingaquaticvegetationalsooccurintheDelta.Commonnativespeciesarepondweed


(Stuckeniasp.)andcoontail(Ceratophyllumdemersum).Themostproblematicnonnativeaquatic


plantsareBrazilianwaterweedandwaterhyacinthbecauseoftheirabilitytospreadrapidlyunder


therightenvironmentalconditions,displacingnativespecies,cloggingwaterways,alteringturbidity,


andnegativelyaffectingotheraquaticspecies.Theseinvasivespeciesarecalled“ecosystem


engineers”becauseoftheirabilitytoaffectfoodchainsandotheraquaticspeciesbymodifyingthe


surroundingphysicalenvironment(Mountetal.2012).


BrazilianwaterweedhasdetrimentaleffectsontheBay‐Deltaecosystem(BoyerandSutula2015).


BrazilianwaterweedisnativetoSouthAmerica,wasintroducedtotheUnitedStatesin1893,and


becameestablishedinshallowlittoralareasofthefreshwaterDeltaduringthe1980s.From2004to


2006,thedistributionofBrazilianwaterweedincreasedbymorethan10percentperyearandhas


continuedtoincreaseduringtherecentdrought(Conradetal.2016).Brazilianwaterweednow


covers60percentofcentralDeltachannels(Santosetal.2011)and5–10percentofallDelta


waterways(Santosetal.2016).Theseestimatesareonlyapproximatebecausenoregular


monitoringprogramexiststodeterminebiomassandcoverageofaquaticvegetation(Boyerand


Sutula2015).E.densaoccursindensecanopiesthatshadetheunderstoryandreduce


phytoplanktongrowthandexcludeothersubmergednativeaquaticplants,decreaseoxygenlevelsat


night,andincreasewatertemperatureandwaterclaritybyreducingwatercirculationand


promotingsedimentation.Brazilianwaterweedsalsoprovidecoverforlargenonnativefish


predatorsthatpreyonsmallernativefish.USFWS(2016)considerspredationinSAValimiting
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factorforDeltasmeltsurvival.BrazilianwaterweeddoesnotoccurinSuisunBaybecauseofits


intoleranceofsalinitiesgreaterthan5ppt(BorgnisandBoyer2015).ColonizationoftheDeltaby


SAVestablishedanewfoodweb.Brazilianwaterweedprovidesstructuralcomplexityandsurface


areaforattachedepiphyticalgaeandinvertebratesandarefugeforfish(BrownandMichnick2007;


SchultzandDibble2012;Brownetal.2016).Astableisotopedietstudyfoundthatcentrarchidsate


amphipodsthatwereconsumingepiphyticalgaeattachedtoSAV(Grimaldoetal.2009b).Some


openwaterfish—juvenileChinooksalmonandsilversides—mayalsohavealsoenteredtheSAV


canopyathightideandconsumedattachedfoodorganisms.


WaterhyacinthalsohasdetrimentaleffectsontheBay‐Deltaecosystem(BoyerandSutula2015).


WaterhyacinthisnativetoSouthAmericaandwasintroducedtotheUnitedStatesin1884(DSC


2013).SinceitsintroductionintotheDelta,waterhyacinthhasproliferatedanderadicationisno


longeranoption(CDBW2012).Waterhyacinthincreasedfour‐foldfrom2004–2007to2014and


nowcoversabout800hectaresintheDelta(BoyerandSutula2015).Negativeissuesassociated


withwaterhyacinthsaresimilartothosecausedbyBrazilianwaterweed.Waterhyacinthsnow


covertheentirewatersurfaceofmanybacksloughs,blockingsunlightforphytoplanktonandother


submersedautotrophs,decreasingDO,creatingbarrierstonavigation,changingturbiditiesinthe


watercolumn,andaffectingfishfeedingandpassage(VillamagnaandMurphy2010).Water


hyacinthsaresensitivetosalinityandexhibitstressat2.5ppt(Halleretal.1974)andmortality


above6–8ppt(assummarizedinBoyerandSutula2015).Littleisknownaboutthefoodwebeffect


ofwaterhyacinthsonnativefishandtheaquaticecosystem(Brownetal.2016).


ClimatechangemayincreasetheabundanceanddistributionofinvasiveaquaticplantsintheDelta


(BoyerandSutula2015).Climatechangeispredictedtoresultinwarmerwatertemperaturesand


anincreasedfrequencyofdroughts.ThesefactorswillfavortheincreaseddominanceofBrazilian


waterweedandwaterhyacinth.However,sealevelriseandincreasedsaltwaterintrusionintothe


westernDeltacouldslowthespreadofthesesaltintolerantplants.


Controlmeasurestoreducethebiomassandspreadofnonnativeaquaticvegetationhavenotbeen


effective.Thishasresultedinthesearchfornovel,moreeffectivewaystocontrolnonnativeaquatic


plants.TheCDBWroutinelyapplieschemicalherbicidestocontrolthespreadofbothE.densaandE.


crassipesandhasexperimentedwithmechanicalshredding(BoyerandSutula2015;CDBW2006).


Sub‐lethaleffectsonaquaticorganismhavebeendocumentedfromtheseherbicideapplications


(seeSection4.3).MechanicalshreddingofwaterhyacinthresultedinlowDOlevelsandlocalized


fishkillsbecauseofdecompositionoftheshreddedorganicmaterial(Greenfieldetal.2007).The


U.S.DepartmentofAgriculturalResearchServicesandtheCaliforniaDepartmentofFoodand


Agricultureareinvestigatingthepotentialintroductionofbiologicalcontrolagentsforcontrolof


aquaticweeds(reviewedinBoyerandSutula2015).TheCentralValleyRegionalWaterBoardhas


assembledaScienceWorkGroupandisdevelopingaresearchplantodeterminewhethernutrient


controlcouldreducetheabundanceanddistributionofnonnativemacrophytes(CentralValley


WaterBoard2014).AmorevariableflowpatternthatallowedperiodiclowDeltaoutflowandsome


saltwaterintrusionintothewesternDeltacouldnaturallyrestrictthedistributionofthese


nonnativeaquaticplants.


NonnativeaquaticplantsarenowapermanentpartoftheBay‐Deltaecosystem.Three


recommendationsaremadetobetterunderstandtheireffectontheaquaticecosystemandto


developcontrolstrategies.First,routinemonitoringoffloatingandsubmergedaquaticvegetationis


neededtoassesstrendsovertimeandestimatebiomass,netprimaryproduction,andspecies


composition(BoyerandSutula2015).Second,potentialcontrolstrategiesneedtobeevaluatedto
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determinetheireffectivenessatreducinglivebiomassandlimitingcolonizationofnewhabitat.The


reviewofcontrolstrategiesshouldincludeanevaluationofmechanical,chemical,biological,salinity


andnutrientmanagement(BoyerandSutula2015).Finally,moreresearchneedstobeundertaken


tounderstandtheeffectofinvasiveaquaticplantsandtheircontrolonnativefishandtheBay‐Delta


aquaticecosystem.


Twogroups,theDeltaRegionAreawideAquaticWeedProjectandtheIEPAquaticVegetation


ProjectWorkTeamarebeginningtocarryouttheserecommendations.TheDeltaRegionAreawide


AquaticWeedProject—acollaborationamongNationalAeronauticsandSpaceAdministration,U.S.


DepartmentofAgriculture‐AgriculturalResearchService,UniversityofCalifornia‐Davis,andlocal


agencies—wasformedin2011andisevaluatingtheuseofremotesensing‐basedgeospatial


informationtodetermineaquaticweeddistributionsandisalsoconductingresearchonmore


effectiveherbicidesandbiocontrolmethods.TheIEPAquaticVegetationProjectWorkTeam—


composedoffederalandstatescientists—wasformedin2016andisinvestigatingtheimpactsof


nonnativeaquaticvegetationandtreatmenteffortsonBay‐Deltahabitatsandwildlife.


4.5 Fishery Management

Thissectionfocusesontheeffectsoffisheriesmanagementactivitiesontheaquaticecosystemin


theDeltaanditstributariessuchasharvest,hatcheryoperations,andunscreeneddiversions.


4.5.1 Harvest

TheDeltaanditstributariescurrentlysupportrecreationalandcommercialfisheries.Recreational


fisheriesincludeamarineandfreshwaterfisheryforstripedbass,largemouthbass,blackbass,


whitesturgeon,Chinooksalmon,steelhead,catfish,andAmericanshad(CDFG2011b).Theonly


commercialfisheriesintheDeltaareforthreadfinshadandcrayfish,thoughtheDeltaandits


tributariesalsosupportacommercialoceansalmonfishery(WaterScienceandTechnologyBoardet


al.2012;Mesick2001;Moyle2002).AsdiscussedinChapter3,therehasbeenasubstantialdecline


inpopulationabundanceofsalmonids,sturgeon,splittail,starryflounder,andbayshrimpoverthe


last50years.Thereareanumberoffactorscontributingtothesedeclines,includinglossofflowand


physicalhabitat,alongwiththeeffectsofotherstressors(Sommeretal.2007;Fongetal.2016).An


additionalfactormaybeapotentiallyunsustainabletakeofadultbreedingstockincommercialand


recreationalfisheries.Lossofadultbreedingstockcanreducerecruitment,futurepopulation


abundance,andtheviabilityofthefishery.


Initsrecommendationstootheragencies,the2006Bay‐DeltaPlan’sprogramofimplementation


suggestedthattheCDFW,CFGC,PacificFisheriesManagementCouncil(PFMC),andNMFSreview


andmodify,ifnecessary,existingcommercialandsportfishtakeregulations;and,thatCDFWshould


expandeffortstoreduceillegalharvest.


TheCFGC,PFMC,andNMFShasevaluatedtheeffectoftakeandrecommendedmorestringent


fishingregulationstotheCFGCfornativeandspecialstatusBay‐Deltaspecies(CDFW2017).Some


oftheseregulationsaresummarizedinTable4.5‐1.Inaddition,PFMCconductsadynamicannual


regulatorysettingprocesstoadjustsalmonidharvestratesbasedonstocksizeanddistribution.For


example,PFMCimplementedanearfullclosureoftheoceansalmonfisheryin2008–2009because


ofreducedstocksize.ReductionsintherecreationaltakeofsturgeonandSacramentosplittailhave


alsooccurred.Finally,poachingrepresentsanillegalformofharvestandhasbeenacontinuing
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problemintheDeltaespeciallyforsturgeon(Mountetal.2012).CDFWuseswardensandother


surveillancemethodstodiscourageandprosecuteillegalpoaching.


Table 4.5‐1. Summary of Recent Take Regulations to Reduce the Impact of Commercial and
Recreational Harvest on Native Fish Species

EffectiveYear RegulationChange IntendedImpact


Salmonids


2008‐2009 Near‐fullclosureofoceansalmonfisheries Protectionofcollapsedfall‐run

Chinooksalmonpopulation


>1989 Winter‐runChinooksalmon:Sincewinter‐run 
ChinooksalmonwerelistedasESAthreatenedin 
1989,variousoceanareaandriverreachfishing 
closuresandreducedsizelimits,andtruncated

seasonshavebeenusedtoreducethecatchof

winter‐runChinooksalmonincommercialand

recreationalfisheries


Reducedwinter‐runChinook

salmonharvestrates(which

hasbeensuccessful)


Sturgeon


2006 Greensturgeon:zerobaglimit Nolegalharvest


2007 Whitesturgeon:1‐fishdaily,3‐fishannualbaglimits Reducedadultharvestrate


2007 Whitesturgeon:Reducedmaximumlegalsize Improvedsurvivalof

older/largerspawners


>2006 Sturgeongeneral:Variousfishingrestrictions, 
includingsubstantialriver‐reachclosures,weirbasin 
closures,andgearrestrictions 

Reducedcatchofnon‐legal

sizes,reducedlegalandillegal

harvestinvulnerableareas


OtherSpecies


2010 Splittail:2‐fishdailybaglimit Reductionintotalannual

harvest





CDFW,CFGC,PFMC,andNMFSareresponsibleformaintainingsustainablepopulationsofnative


Bay‐Deltafishspecies.Theseagenciesshouldcontinuetoreviewthestatusofnativespeciesof


concernatleastevery2years.Thestatusreviewshouldincludeanevaluationoftheeffectof


commercialandrecreationalharvestonpopulationdynamicsandthesustainabilityofthe


population.Thestatusreviewshouldmakerecommendationsonwhetheradditionalharvest


regulationsareneeded.Managementactionsmayalsoincludedevelopmentandimplementationof


afisheriesmanagementprogramtoprovideshort‐termprotectionforaquaticspeciesofconcern


throughareaclosuresandgearrestrictionstoreducecaptureandmortalityofspeciesofconcern.


Anenhancedprogramtofurtherrestrictillegalharvestmayalsobebeneficial.


4.5.2 Hatcheries

Hatcheryproductionisrecognizedasanimportantcomponentofsalmonandsteelhead


conservationandrecoveryeffortsbuthistoricallyhasposedathreattowildChinooksalmonand


steelheadstocksthroughgenetic,ecological,andmanagementimpacts(Waples1991;California


HatcheryScientificReviewGroup2012;NMFS2014a).MosthatcheriesinCaliforniaareoperatedas


productionhatcheriestomitigateforthelossofhabitat(lostaccesstospawningandrearinghabitat
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abovedams)withtheprimarygoalofsupportingoceancommercialandrecreationalsalmon


fisheriesandin‐riverrecreationalsalmonandsteelheadfisheries(CaliforniaHatcheryScientific


ReviewGroup2012).AnnualproductionfromsalmonandsteelheadhatcheriesinCalifornia


approaches50millionjuveniles,withover32millionfall‐runChinooksalmonproducedatfive


CentralValleyhatcheriesinmostyears(CaliforniaHatcheryScientificReviewGroup2012).


Currently,hatchery‐originChinooksalmonmakeupasubstantialproportionofCentralValley


salmonruns,andspawningescapementoffall‐runChinooksalmoninsomeofthemajortributaries


arenowdominatedbyhatchery‐originfish(Yoshiyamaetal.2000;Barnett‐Johnsonetal.2007).


Hatcheriescanhavepositiveeffectsonsalmonidpopulations.Artificialpropagationhasbeenshown


tobeeffectiveinbolsteringthenumbersofnaturallyspawningfish,conservinggeneticresources,


andguardingagainstcatastrophiclossofnaturallyspawnedpopulationsatcriticallylowabundance


levels,aswasthecaseforthewinter‐runpopulationduringthe1990s(NMFS2014a).The


LivingstonStoneNationalFishHatcherywasestablishedasaconservationhatcheryprogramto


augmentthenaturallyspawningwinter‐runChinooksalmonpopulationintheSacramentoRiver


andiscurrentlymanagedtomaintaingeneticdiversityandminimizepotentialadverseeffects


associatedwithartificialpropagation.However,anincreasingproportionofhatcheryfishamong


returningadultsinrecentyearshasraisedconcernsaboutpotentialeffectsonthegeneticintegrity


andfitnessofthepopulation(NMFS2016a).


Fishproducedinhatcheriescanalsohavedetrimentalgenetic,ecological,andmanagementeffects


onnaturalsalmonidpopulations(Kostow2009;Arakietal.2008;CaliforniaHatcheryScientific


ReviewGroup2012).Hatcheriescancauseunintentionalevolutionarychangeinpopulationsthat


canleadtolossoflocaladaptationsandreductionsingeneticdiversityandfitnessofwild


populations(ReisenbichlerandRubin1999;Bissonetal.2002).Forexample,evidenceexiststhat


largeoff‐sitereleasesoffall‐runChinooksalmonfromCentralValleyhatcheriesandresultinghigh


levelsofstrayingofhatcheryadultstonaturalspawningareashasgeneticallyhomogenizedtheESU,


contributingtolossesinbiodiversityandreducedresilienceandviabilityoftheESU(Williamson


andMay2005;Lindleyetal.2009).Inaddition,highlevelsofstrayingofhatcheryfishcanadversely


affectnaturalstocksthroughecologicalinteractions,includingdiseasetransmission,predation,and


competitionforspawninghabitatorotherresources(CaliforniaHatcheryScientificReviewGroup


2012).Large‐scalehatcheryproductionandhistoricallyhighharvestratesinmixed‐stockfisheries


hasalsocontributedtoreductionsinnaturaldiversitythroughoverharvestofnaturallyproduced


stocks(Lindleyetal.2009).TheCaliforniaHatcheryScientificReviewGroup(HSRG)identified


currentharvestratesonnaturallyproducedSacramentoRiverfall‐runChinooksalmonasa


continuedconcernbecauseofdegradedconditionsfordownstreammigrationthroughoutthebasin


(CaliforniaHatcheryScientificReviewGroupCaliforniaHatcheryReviewReport2012).


Alongwithhabitatlossanddegradation,hatcherymanagementwasidentifiedasanimportant


factorcontributingtothelistingsofCentralValleyspring‐runChinooksalmonandsteelhead(NMFS


2014a).Mostofthespring‐runChinooksalmonproductionintheCentralValleyisofhatchery‐


origin,andintrogressionofspring‐andfall‐runandsignificantstrayingofadultsfromFeatherRiver


Hatcheryhaveposedasignificantthreattothegeneticintegrityofnaturalspawningfall‐andspring‐


runChinooksalmoninotherwatersheds(NMFS2014a).Overthepastseveraldecades,thegenetic


integrityofCentralValleysteelheadhasbeendiminishedbyincreasesintheproportionofhatchery


fishrelativetonaturallyproducedfish,useofout‐of‐basinstocksforhatcheryproduction,and


strayingofhatcheryproducedfish(NMFS2014a).Recentreviewsandevaluationsofthesehatchery


programs(CaliforniaHatcheryScientificReviewGroup2012andHatcheryGeneticManagement


Plans)haveledtoanumberofproposedstrategiesorrecommendedchangesinhatcherypolicies
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andmanagementtoaddresstheseimpactsandassistintheconservationandrecoveryoflisted


evolutionarysignificantunitsanddistinctpopulationsegmentsandothernaturallyspawning


Chinooksalmonpopulations.Inaddition,NMFSiscurrentlyintheprocessofreviewingHatchery


GeneticManagementPlanstoevaluatehatcheryimpactsandassistinthedevelopmentofhatchery


managementstrategiestosupporttheconservationandrecoveryoflistedsalmonandsteelhead.


4.5.3 Unscreened Diversions

LossofjuvenilesalmonidsatunscreenedwaterdiversionsintheSacramentoRiverandDeltahas


beenidentifiedasareasonforthelistingofwinter‐andspring‐runChinooksalmon,andsteelhead


(NMFS2014a).Thepotentialforentrainmentofyoungfishatunscreenedorpoorlyscreened


diversionsusedforagricultural,municipal,andindustrialuse,andmanagedwetlandscontinuesto


berecognizedasamajorstressortothesespeciesandotherspecial‐statusfish(USFWS1996;NMFS


2014a).Whileentrainmentlosseshavelikelyincreasedwithincreasesinwaterwithdrawals,the


roleofthisstressorinthehistoricaldeclinesandcurrentstatusofthesepopulationsremainslargely


unquantified(MoyleandIsrael2005).AspartoftheCVPIA’sfishrestorationefforts,the


AnadromousFishScreenProgram(AFSP)wasestablishedin1994toaddressthisissueandprovide


technicalguidanceandcost‐sharefundingforfishscreenprojects.TheAFSP2alsosupportsactivities


andstudiestoassessthepotentialbenefitsoffishscreening,determinethehighestpriority


diversionsforscreening,improvetheeffectivenessandefficiencyoffishscreens,encouragethe


disseminationofinformationrelatedtofishscreening,andreducetheoverallcostsoffishscreens.


Manyofthelargewaterdiversions(greaterthan150cfs)ontheSacramentoRiverarescreenedor


arecurrentlyproposedforscreening(NMFS2014a).However,thereareover3,700water


diversionsontheSacramentoandSanJoaquinRivers,theirtributaries,andintheDelta;mostof


theseareunscreened(Mussenetal.2013).In2009–2012,theAFSPandCALFEDERPconductedfish


entrainmentmonitoringat12agriculturaldiversionsitesontheSacramentoRiverandSteamboat


Sloughtoevaluatesite‐specificphysical,hydraulic,andhabitatcharacteristicstoassistwithfuture


fishscreeningprioritizationefforts.Thismonitoringprogram,likepaststudies,indicatedthat


entrainmentofsalmonwaslowrelativetootherfishspecies(Vogel2013).Ingeneral,thefactors


affectingfishentrainmentatunscreeneddiversionsarecomplexandpoorlyunderstoodbecauseof


themanysite‐specificvariablesthatinfluencetheexposureandvulnerabilityoffishtoentrainment


(Vogel2013).Laboratoryexperimentsusingalargeriver‐simulationflumeindicatethat


entrainmentlossesofjuvenilesalmonarelikelyrelatedtoseveralfactors,includingthenumbersof


unscreeneddiversionstowhichthefishareexposed;theproximityofindividualfishtothe


diversionintakestructureastheypassthesite;watervelocity(sweepingvelocities);water


diversionrates;turbidity;and,lightlevels(Mussenetal.2013).The2009–2012studymonitoring


resultsindicatethatsomeofthemostimportantdeterminantsofsalmonentrainmentlikelyinclude


theinitialtimingofirrigationdiversionsinthespring,hydrologicconditionsprecedingtheonsetof


irrigationdiversions,andthenaturalemigrationtimingofsalmoninrelationtothetimingof


diversions.Forexample,amajorfactorcontributingtothelowincidenceofsalmonentrainmentin


theseyearsappearstobethetimingofemigration(asinfluencedbythetimingofpeakflowevents)


relativetothetimingofdiversions(Vogel2013).




2https://www.fws.gov/cno/fisheries/cvpia/AnadromFishScreen.cfm.


https://www.fws.gov/cno/fisheries/cvpia/AnadromFishScreen.cfm.?
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CDFW,NMFS,USFWS,andlocalwaterdistrictandlandownersshouldcontinuetoevaluate


unscreeneddiversionsintheSacramentoRiverbasinandintheBay‐Deltafortheirpotentialto


causemortalitytomigratingsalmonidsandotherthreatenedandendangeredfishspeciesand


implementfishscreeningsolutions,includingmodificationstothetimingofwaterdiversions,as


appropriate.


4.6 Climate Change

Climatechangecanexacerbatestressors,particularlythroughincreasedwatertemperatures,changing


patternsofrunoff,andsalinityintrusion(KnowlesandCayan2002,2004).IntheBay‐Deltaclimate


changeimpactsarepredictedtoincludehigherambienttemperatures,increasedsalinityintrusion,


andreducedwatersupplyreliability.Thetrendofincreasingtemperaturethroughthe20thcentury


hasdecreasedthecontrollablewatersupply,raisedfloodrisk,andcontributedtotheseverityofrecent


droughts(Roos2005;DWR2013b).Since1900,theglobalaveragetemperaturehasrisenby1.5°Fand


mayincreaseanadditional2.5–10.4°Fbytheendofthecentury(IPCC2001;Mirchietal.2013).Future


temperatureincreasesof1to3degreesareexpectedtodecreasethemagnitudeofthesnowpackand


causeupto40percentmoreofthewinterprecipitationtofallasrain(KnowlesandCayan2002,2004;


DSC2013).TheshiftinprecipitationfromsnowtorainmayresultinlargerrunoffpriortoApriland


lesssnowmelt‐drivenrunoffinlatermonths.Thisshiftmayalsoleadtohigherfloodingrisksinspring


(KnowlesandCayan2004;Knowlesetal.2006)andlowerSacramentoRiverrunofflaterintheyear


(Figure4.6‐1).Climatechangemayalterthemagnitudeandtimingoffutureunimpairedflow.Reduced


snowfallwillalsodiminishthevolumeofwaterheldinthesnowpackandtheinter‐annualwater


carry‐overcapacityofthesystem,negativelyaffectingthestate’swatersupplyreliabilityand


maintenanceofcoldwaterhabitatbelowreservoirsforsalmonids(DSC2013;Mirchietal.2013).


Warmerwatertemperaturebecauseoflessrunofffromsnowmeltinspringandsummermay


directlyaffectthelifecycleofmanyfishspecies.Increasedwatertemperaturewillnegativelyaffect


coldwater‐dependentfishspecies,includingsalmonidsandsmeltspecies,andwilllikelyincrease


therangeofinvasivespecies(Healeyetal.2008;VillamangaandMurphy2010).Climate‐induced


increasesinambientwatertemperatureinSierraNevadastreamscouldbefrom1to5°C(Ficklinet


al.2013).Watertemperatureincreasesof2–2.5°Cwillresultina10percentreductionofDO(Ficklin


etal.2013).HighertemperatureandlowerDOlevelswillfavornonnativespeciesthatarebetter


adaptedtothoseconditionsthannativefish(Kiernanetal.2012;Moyleetal.2013).Moreover,


warmerwaterandmoreextremeeventswilldecreasecoldwaterhabitatsforimportantfisheries.


TheprojectedeffectsofclimatechangeareparticularlyproblematicforspecieslikeDeltasmelt


becauseoftheirlowtemperaturetolerances(Wagneretal.2011).Bytheendofthe21stcentury,


warmingtemperaturesisprojectedtocompressDeltasmeltmaturationwindowsby15–25percent,


leadingtodeclinesingrowthandeggproduction(Brownetal.2016).Similarreductionsinhabitat


qualitymayoccurforothernativespecies.Elevatedambientwatertemperaturescanstimulate


growthofnuisanceaquaticplantsandbloomsofharmfulalgae,whichcanalsoleadtodecreasesin


DOandincreasesinorganiccarbon(DSC2013).Higherevaporationratesfromwarmer


temperatures,particularlyduringthehotsummermonths,contributetoreducedstreamflowsthat


leadtodriersoils,reducedgroundwaterinfiltration,higherevaporativelossesofwaterfromsurface


reservoirs,increasedurbanandagriculturaldemandforirrigationwater,andlesswateravailable


forecosystemandhabitatprotection(DWR2008).
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Sealevelrise,predictedtoincreasebyasmuchas55inchesby2100(OPC2011;DSC2013),is


alreadyoccurringintheSanFranciscoBay(Grenier2016).Sealevelrisewillcreategreatersalinity


intrusionintotheinteriorDelta,whichcanimpairwaterqualityforagriculturalandmunicipaluses,


andhasalreadychangedhabitatforfishspecies(Feyreretal.2011;Moyleetal.2010;Grenier


2016).Increasedsalinityintrusionmayalsochangethedistribution,range,andabundancesof


organismsbecauseX2maymoveupstreamofSuisanBayandintohabitatwhichislessidealfor


growthandreproductionofnativefish(seeSection3.2).Risingsealevelalsoincreasestheriskof


leveefailureanddisruptionofwaterexports,particularlyintheinteriorDeltawheresubstantial


Deltaislandsubsidencehasalreadyoccurred(MountandTwiss2005;DWR2008).Increased


salinityintrusionintotheDeltamayrequirehigherfreshwaterreleasesfromupstreamreservoirsto


repelsaltwater(DWR2009b).Thismayresultina10percentreductioninavailablefreshwaterby


mid‐centuryanda25percentreductionbyendofthecentury(DWR2009b).Risingsealevel


inundatesfreshwatermarshesandotherfreshwateraquatichabitatswithbrackishwater,reducing


habitatfornativeplantsandwildlifeandshiftingintertidaltosubtidalhabitat,andlow‐lyingupland


areastointertidalhabitat(MountandTwiss2005;Whippleetal.2012;DSC2013).Additionally,


adjacenthigherelevationhabitatwillbenecessaryforwildlifetoescapeflooding(ERP2014;


Grenier2016).


Actionstoprepareandmitigateeffectsofclimatechangemayincludeacquisitionofadditional


higherelevationwetlandhabitatforwildlifetoescapefloodingintheestuary(ERP2104;Grenieret


al.2016;GoalsProject2015).Intheupperbasin,fishpassagesmayneedtobebuiltarounddamsto


facilitateupstreammigrationofsalmonidsabovereservoirstocoolerhabitats.Additionally,


operatorsmayneedtochangewatertemperaturecontrolsfromdamsandotherinfrastructureto


adjustforclimatechangeeffects.Acquisitionofadditionalwetlandhabitatistheresponsibilityof


localentitiesandtheResourceAgencywhilealterationsindamconstructionandoperationsarethe


responsibilityofreservoiroperators.However,theextentandmagnitudeofclimatechangeis


uncertain,makingplanningandmanagementdifficult.
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Figure 4.6‐1. Declining Trend in April–July Contribution to Total Water Year Runoff in the
Sacramento River System, 1907–2010 (from Roos 2012)

4.7 Summary

TheStateWaterBoard’sBay‐Deltaplanningandimplementationeffortsarepartofamulti‐facetted


approachneededtoaddressthesystemicecologicalandwatersupplyconcernsintheBay‐Deltaand


reconcileanalteredecosystem.OtheractionsareimportanttoprotecttheBay‐Deltaecosystem,


suchashabitatrestoration.TheproposedchangestotheBay‐DeltaPlanarestructuredtoaddress


thecomplexitiesofthewatershedwhilerespondingtonewinformationandchangingconditions


andprovidingformeaningfulactionintheneartermtoprotecttheBay‐Deltaecosystem.The


proposedchangesarestructuredtoworktogetherandwithotherplanning,science,restoration,and


regulatoryeffortsinatimely,adaptive,flexibleandcomprehensivemannersothatmeaningful


actioncanbetakentoensuretheprotectionoffishandwildlifebeforeimperiledspeciesinthe


watershedarenolongerabletoberestored.Liketheflowmeasures,non‐flowmeasuresshouldbe


accompaniedbyresearchandcoordinatedadaptivemanagementtoadjusttofurtherscientific


understandingoftheDeltaecosystemandchangingcircumstances.


Thepreciseeffectofnon‐flowstressorsontheabundanceanddistributionofnativespeciesisnot


known.Itisdifficulttodeterminehowmucheachstressoraffectsfishinisolationbecausestressors


interactandmayactinconjunctionwitheachother.Afewstressorshavebeenshowntohave


measurableeffectsonnativefishandtheaquaticecosystem.TheinvasionofPotamocorbulareduced


bothchlorophyllbiomassinSuisunBay(Figure4.4‐1)andthecarryingcapacityperunitDelta


outflowforstarryflounderandlongfinsmelt(Figures3.5‐2and3.9‐2)(Kimmerer2002b).
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Constructionofdamsblockedupstreammigrationofsalmonidsandlackofcoldwaterhabitatbelow


damshavereducedtheabundanceofChinooksalmonandCentralValleysteelhead(Section3.4.4).A


negativerelationshipexistsbetweenapplicationofpyrethroidinsecticidesandtheFMWTindexfor


fivefishspeciesintheDelta(Figure4.3‐1)(Fongetal.2016)suggestingthatinsecticidesmay


contributetothedeclineinfishrecruitment.Otherstressorshavebeendocumentedtocause


toxicityinlaboratorybioassays,toreducethesizeandqualityofcriticalhabitat,andtoincrease


competitionandpredationonnativespecies.Thepresumptionisthatthesestressorshave


negativelyimpactednativetaxa(Moyle2002;Mountetal.2012)butfurtherstudieswouldbe


neededtoquantifythemagnitudeoftheseimpacts.


AdedicatedcontaminantmonitoringandresearchprogramisneededfortheDelta(Fongetal.2016;


Healeyetal.2016).Themonitoringprogramshouldincludetraditionaltemporalandspatial


chemicalmonitoringandbecoupledwithacuteandsub‐lethaltoxicityendpointsoforganismal


health.Specialstudiestoevaluatetheeffectofothernon‐flowstressorsonfishandwildlifearealso


needed.Regularsynthesisofdatawillberequiredtoanswermanagementquestionsandadaptively


managetheprogram.TheRMPhasahistoryofconductinghigh‐qualitymonitoringandassessment


studiesintheSanFranciscoBay.TheDeltaRMPhasrecentlybeenestablishedandbeguntomonitor


contaminantsintheDelta.Thetwoprogramsshouldconsiderdevelopingandimplementinga


coordinated,comprehensivenon‐flowstressorprogramfortheBay‐Deltaestuaryunderthe


directionoftheSanFranciscoBayandCentralValleyRegionalWaterBoards.Thegoalofthe


programshouldbetoinformwaterqualitymanagementandevaluatesuccessinmeetingwater


qualitygoals.


Inaddition,therearemanyotherongoingeffortsbystateagencies,thefederalgovernment,and


agricultural,urban,andenvironmentalintereststoidentify,fund,andimplementmeasuresto


addressmultipleotheraquaticecosystemstressors,includingimprovingfisheriesmanagement,


addressinginvasiveandnonnativespecies,andrestoringandprotectinghabitat.Theprogramof


implementationwillincludespecificadaptivemanagementprovisionsandrequirements,


monitoring,reportingandevaluationmeasures,includingprovisionsforthedevelopmentof


biologicalgoalsbywhichsuccessatachievingthenarrativeobjectiveswillbemeasuredthatwill


informadaptivemanagementofthenumericrequirements.Informationonotherstressors,and


non‐flowactionswillbeincludedintheassessmentsasappropriate.TheStateWaterBoardwill


continuetoworkwiththeDSC’sDSP,DeltaISB,fisheriesagencies,andotherstoensurethat


adaptivemanagementandassociatedmonitoring,reporting,andassessmenteffortsaresufficiently


rigorous.ThisincludeseffortstocoordinateupstreamactionsontributarieswithdownstreamDelta


scienceactivitiesandtosupportacommonDeltascienceprogram.


ThepopulationabundanceofnativefishintheBay‐Deltaisindecline.Recoveryofthenativefish


communitywillrequireinvestmentinincreasedinstreamflowsandDeltaoutflows,habitat


restorationandreductionsinothernon‐flowstressors.TheStateWaterBoardwillwork


cooperativelywithotheragenciesandorganizationstopromotesuchactions,whichmayormaynot


bewithintheStateWaterBoard’sauthorities.Theprogramofimplementationwillfurtheraddress


theseactionsinrecommendationstootherentities,anddescribethetoolsthattheStateWater


Boardwillemploytoensurethatneededcomplementarynon‐flowmeasuresarepursued.In


addition,managementactions,includinghabitatrestorationmay,atleastinpart,beimplemented


throughtributaryplansdiscussedinChapter5.
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Chapter 5

Recommended New and Revised Flow Requirements

5.1 Introduction

ThischapterdescribesproposednewandrevisedflowrequirementsfortheBay‐DeltaPlaninfour


generalcategories,includingnewinflowrequirementsfortheSacramentoRiver,itstributaries,and


eastsidetributariestotheDelta;1modifiedDeltaoutflowrequirements;newcoldwaterhabitat


requirements;andmodifiedinteriorDeltaflowrequirements.Therequirementsconsistofnewand


revisedwaterqualityobjectivesthatdescribeflowandotherwaterqualityconditionsnecessaryto


protectbeneficialuses,andtheprogramofimplementationthatdescribeshowobjectiveswillbe


achieved,includingspecificadaptivemanagement,monitoring,evaluation,andreporting


requirements.Thischapterincludesadescriptionoftheproposedchangestowaterquality


objectivesandarticulatesageneralapproachtotheprogramofimplementation.However,theexact


regulatorylanguageisstillunderdevelopmentandwillbeinformedbythescienceinthisReport,


environmentalandeconomicanalyses,andpubliccommentastheplanningprocessmovesforward.


Thenewandrevisedrequirementsarebeingdevelopedtoensurethereasonableprotectionoffish


andwildlifebeneficialusesandtoaddressthesignificantspeciesdeclinesandecosystemcollapse


thathasoccurredsincetheBay‐DeltaPlanwaslastupdatedandimplemented.Theflow


requirementsareintendedtobeimplementedincoordinationwithcomplementaryactions


describedinChapter4.Thescientificevidencesummarizedintheprecedingchaptersindicatesthat


thecurrentBay‐DeltaPlanrequirementsareinadequatetoprotecttheecosystemanditsnativefish


andwildlifeandthatacomprehensiveregulatoryapproachisneededthatprotectstheecosystem


andBay‐Deltafishandwildlifethroughouttheirmigratoryrangethatintegratesinflows,outflows,


coldwaterandinteriorDeltaflowrequirementsthroughouttheyearinacoordinatedmanner.


WhilethesciencesummarizedinthisReportclearlysupportstheneedfortheflowandassociated


operationalrequirementsfortheprotectionoffishandwildlifebeneficialuses,therearesignificant


challengesthatexisttoestablishingflowrequirementsforawatershedofthissizeandcomplexity,


particularlygiventheimportanceofthewatershedtotheState’swatersupplyneeds.Atthesame


time,theneedforactioniscriticalgiventhedegradedstatusoftheecosystemandthelackofa


comprehensiveregulatorystructureinthefaceofincreasingwaterdemandsandclimatechange.


Thus,thetaskbeforetheStateWaterBoardrequirescraftingtheflowrequirementswithenough


flexibilitytoworkandadapttonewinformationandchangingcircumstances,butalsowithenough


specificitytopromptmeaningfulandtimelyimprovementinflowconditionsandhabitat.


Currently,theBay‐DeltaPlandoesnotincludeadequateenvironmentalflowandrelated


requirementstoprovideforcriticalfunctionstoprotectbeneficialuseswithintributariesandinthe


Deltaincludingappropriatemigration,holding,spawningandrearingconditions.Inadequateor


nonexistentrequirementsmayleadtoinsufficientflows(includingcoldwaterflows)toprotectfish


andwildlife,redirectedimpactstotimesofyearwhenflowrequirementsarelessstrictordonot


apply,andoverrelianceononetributarytomeetflowandwaterqualityrequirements.Whilethere


areadditionalflowandoperationalrequirementsincludedinESAandCESArequirementstoavoid




1Mokelumne,Calaveras,andCosumnesRivers.
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jeopardyoflistedspecies,theStateWaterBoardhasanindependentanddistinctobligationto


reasonablyprotectfishandwildlifethatmayextendbeyondtheESAandCESArequirements.


TheProjectshaveprimaryresponsibilityformeetingexistingBay‐DeltaPlanobjectives,including


existingDeltaoutflow,salinity,andotherrequirements.InD‐1641,theStateWaterBoardaccepted


variousagreementsbetweenDWRandReclamationandotherwateruserstoassumeresponsibility


formeetingspecifiedBay‐DeltaPlanobjectivesforaperiodoftimethroughconditionsonDWR’s


andReclamation’swaterrightsfortheSWPandCVP,respectively.Asevidencedintherecent


drought,theProjects’abilitytomaintainresponsibilityformeetingallBay‐DeltaPlanflowand


waterqualityrequirementsinthewatershedwhilepreservingwaterforcoldwaterpurposesisnot


realisticinthefaceofclimatechangeandincreasingwaterdemands.Currently,theProjects


supplementflowsduringmuchofthesummerandfallwithstoragereleasesattheexpenseofcold


waterandotherreserves,particularlyduringdroughtperiodswhenwaterdemandsgreatlyexceed


suppliesandflowsarediminished.TheBay‐DeltaPlandoesnotprovidesufficientflexibilityinthe


programofimplementationtoaddresstheseandotherconditions.


Chapters2,3,and4onhydrology,biology,andotherstressorsincludestrongscientificevidenceto


supportdevelopmentofnewandrevisedrequirementstoaddresstheissuesdiscussedaboveinan


adaptivemanagementframework.Additionalanalysesarepresentedinthischaptertosynthesize


theinformationinpriorchaptersandtodeveloptheproposedchangestotheBay‐DeltaPlanthat


willbefurtherrefinedintheStaffReport.Thebasesforalloftherequirementsaresupportedbythe


bestavailablescientificinformation,includingfunctionalflowneedsofindividualspeciesandthe


ecosystemaswellasstatisticalandothercorrelationrelationshipsbetweenflowsandspeciesneeds.


BecausetheBay‐Deltaecosystemisexceedinglycomplexitisnotpossibletoidentifyeveryfunction


thatdrivesacorrelationrelationshipwithcertainty,particularlysinceitmaychangegivendifferent


circumstances(e.g.,temperaturerelationshipsmaychangeasaresultofavailabilityoffood).


Nevertheless,therelationshipsthemselvesarestronginformationgiventheirendurancethrough


timeandtherelativelystrongstatisticalsignificanceforabiologicallybasedrelationship.Estimates


ofspecificflowneedstoprotectfishandwildlifebeneficialusesarealsoimprecisegiventhevarious


complicatingfactorsbetweenabioticandbioticfactorsinthisecosystem.Theseissuescanbe


addressedinpartthroughmonitoringandadaptivemanagement.


Chapter2providesinformationtodemonstratehowalteredthecurrenthydrologyisinthe


SacramentoRiver,itstributariesandtheeastsideDeltatributariesandtheDeltacomparedto


unimpairedconditions.Whileunimpairedconditionsarenotnaturalconditions,theyaresimilarto


naturalconditionsandwhencomparedtoimpairedconditionsserveasanindicationoftheamount


ofwaterthathasbeenremovedfromthesystemandtheshiftintimingofflowsthathasoccurred


overtheyears.Whencombinedwithotherhabitatmodifications,theflowalterationshave


significantlyimpactedfishandwildlife.Insomestreams,atcertaintimes,flowsarecompletely


eliminatedorsignificantlyreduced.Atothertimes,flowsareincreased,butthenexportedbefore


contributingtoDeltaoutflows.Atthesametime,thedamsthatimpoundthatwaterblockaccessto


upstreamhabitatandmaycausesignificantwarmingofflows.


ScientificevidencepresentedinChapter3showsthatnativefishandotheraquaticspeciesrequire


moreflowofamorenaturalpatternthaniscurrentlyrequiredundertheBay‐DeltaPlantosupport


specificfunctionsforanadromousandestuarinespeciesthatprovideappropriatehabitatquantity


andquality.Giventhedynamicandvariableenvironmenttowhichfishandwildlifeadapted,andour


imperfectunderstandingofthesefactors,developingprecisenumericprescriptiveflow


requirementsthatwillprovideabsolutecertaintywithregardtoprotectionoffishandwildlife
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beneficialusesisnotpossible.However,thescienceindicatesthatmorenaturalflowsthatmore


closelymimictheshapeoftheunimpairedhydrograph,includingthegeneralseasonality,


magnitude,anddurationofflows,generallyprovidethosefunctions.Duetothealterednatureofthe


watershed,itisalsonecessarytoconsiderflowsandcoldwaterhabitatpreservationrequirements


thatdonotmimicthenaturalhydrograph,butnonethelessproducemorenaturaltemperature,


salinity,orotherwaterqualityconditionsforfishinlocationswherethesefishnowhaveaccessto


them.Thisisthecasetosomeextentinthesummerandfallwhenitmaybenecessarytoprovide


additionalcolderreservoirreleaseflowsforsalmonidsduetolackofaccesstohistoricupstream


coolerspawningandrearinghabitatafterconstructionofdams.Itmayalsobethecaseforpelagic


speciesinthesummerandfallthatrequiremoreDeltaoutflowtopositionX2inahospitablehabitat


locationwheretemperatures,foodresourcesandotherconditionsareappropriatesincethese


conditionsarenolongerappropriatemuchofthetimewithintheDelta.Itispossiblethatflowneeds


couldbereducedbyaddressinghabitatandotheraquaticecosystemstressorsthatarediscussedin


Chapter4,buttheseinteractwithflowandassuch,adequateflowsarecritical.


5.1.1 Methods for Developing Environmental Flow
Requirements

Therecognitionoftheadverseeffectsofflowalterationonaquaticecosystemshasledtothe


developmentofalargenumberofmethodsfordeterminingflowsneededtopreservethephysical


andbiologicalintegrityofthesesystems,oftenreferredtoasenvironmentalflows(Tharme2003;


Annearetal.2004;Linnansaarietal.2013).Althoughanexhaustivereviewofenvironmentalflow


methodsisbeyondthescopeofthisReport,abriefsummaryofdifferentmethodsisprovidedbelow,


includingadescriptionofthemethodtheproposedapproachalignswith.Environmentalflow


methodscanbeclassifiedintofourmostlydistinctcategories:(1)hydrologicalmethods,(2)


hydraulicratingmethods,(3)habitatsimulationmethods,and(4)holisticmethods(Tharme2003;


Linnansaarietal.2013).Mostoftheresearchtodatehasfocusedonformulatingmethodsforrivers,


whileestuarieshavereceivedmuchlessattention(Adams2014).


Hydrologicalmethodsrangeinsophisticationfromrulesofthumbbasedonmeanannualflows(e.g.,


theTennantor“Montana”method;Tennant1976),anddonotincludeflowvariability,tomore


contemporarymethodsthatattempttocapturephysicallyandbiologicallyimportantvariabilityin


theflowregime(e.g.,the“RangeofVariabilityApproach”;Richteretal.1997)(Linnansaarietal.


2013).Thesemethodsaretheleastresource‐intensive,becausetheyrequireonlyhydrological


informationandcanbecarriedoutinofficesettings,providedthatgagedormodeledhydrological


dataareavailablefortheregionofinterest.Hydrologicalmethodshavebeensubjecttocriticismfor


lackofastrongscientificbasis,particularlyintheabsenceofinformationonflow‐ecology


relationships(Linnansaarietal.2013).Additionally,manyhydrologicalmethodsresultinfixed


minimumflows,omittingbiologicallyimportantvariability(oftenreferredtoas“flatlining”rivers;


Linnansaarietal.2013).


Hydraulicratingmethodsarebasedonthepremisethathabitatforstreamandriparianplantsand


animalsisrelatedtohabitatquantitythatvarieswithflow.Mostoftenthisisexpressedasthe


wettedareaofachannelcross‐sectionatacriticalriffleorsomeotherlimitinglocation(Tharme


2003).Thegeneralmethodologyinvolvescollectingthenecessarydatatoplotwettedareaasa


functionofflow,andchoosingabreakpointthatisinterpretedasasignificantdegradationofhabitat


(Tharme2003;Linnansaarietal.2013).Hydraulicratingmethodshavealsobeencriticizedfor


lackingastrongscientificbasisandforresultinginflowrecommendationsthatdonotprotectthe
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fullrangeofconditionsneededtosupportriverecosystems(Tharme2003;Moyleetal.2011;


Linnansaarietal.2013).


Habitatsimulationmethodsweredevelopedasanattempttomoreexplicitlycapturethe


relationshipbetweenflowandthephysicalhabitatrequirementsoffish.Similartohydraulicrating


methods,thepremiseisthatflowisrelatedtothequantityandqualityofhabitatforoneormorelife


stagesofthespeciesofconcern(Linnansaarietal.2013).Themostfrequentlyusedhabitat


simulationmethodisthePhysicalHabitatSimulation(PHABSIM),thecentraltooloftheInstream


FlowIncrementalMethodology(IFIM;Boveeetal.1998;Tharme2003;Moyleetal.2011;


Linnnansaarietal.2013).Habitatsimulationmethodsrequireconsiderabledata,includingthe


physicaldataneededtosupporthydraulicratingmethods,aswellasobservationaldataonhabitat


usebythefocalspecies(Linnansaarietal.2013).Habitatsimulationmethodshavefrequentlybeen


criticizedfortheirtypicalfocusonasinglespeciesofmanagementconcern,althoughitispossibleto


deploythesemethodsmorebroadly.Themostseriouscriticismofhabitatsimulationmethodsis


thatthehabitatindicesderivedfromthemhavenotbeendemonstratedtopredictperformanceat


thepopulationlevel,andthusmayofferafalsesenseofastrongquantitativebasisforflow


recommendations(Andersonetal.2006;Moyleetal.2011andreferencestherein;Linnansaarietal.


2013).Nonetheless,habitatsimulationmethodscanprovidevaluableinformationforestablishing


environmentalflowswhentheappropriatedataareavailableandthesignificanceofthehabitat


indexiswell‐understood(Railsback2016).


Holisticmethodologiesbeganemerginginthe1990s,andcurrentlycomprisethemostactively


developedapproachesfordeterminingenvironmentalflows(Arthingtonetal.1992;KingandLouw


1998;Tharme2003;Linnansaarietal.2013).HolisticmethodsfirstemergedinAustraliaandSouth


Africa,wherehighlyvariablehydrologyandthelackofdetailedecologicalinformationpresented


challengestousingexistingenvironmentalflowmethodseffectively(Arthingtonetal.1992;King


andLouw1998;Tharme2003).Thesemethodsalsoemergedinresponsetoarealizationthat


riverineandestuarineprocessesoperateatthescaleofthewholeecosystem,andthusthestatusof


thewholeecosystemandalloftheabioticandbioticprocessesinfluencingitmustbeconsideredin


settingenvironmentalflows(Arthingtonetal.1992;KingandLouw1998;Tharme2003;Annearet


al.2004;Petts2009;Poffetal.2010).Thus,holisticmethodsrelyonawiderangeofinformation,


includinghydrologicaldatareflectingdevelopedandundevelopedconditions,regionalorlocation‐


specificunderstandingofflow‐ecosystemrelationships,andmoregeneralecologicalunderstanding


ofaquaticsystems.SpecificholisticframeworksthathavebeendevelopedincludetheBuildingBlock


Method(BBM;KingandLouw1998;Kingetal.2008),DownstreamResponsetoImposedFlow


Transformation(DRIFT;Kingetal.2003),andEcologicalLimitsofHydrologicAlteration(ELOHA;


Poffetal.2010).Eachofthesemethodsisbasedonthepremisethatmanagedflowregimesneedto


generallyresemblethenaturalflowregimetowhichnativespeciesareadapted,butthatsome


deviationfromthenaturalflowregimeisneededinwatershedsthatmustsupportother


consumptiveusesofwater(Linnansaarietal.2013).


Recentliteratureandinputfromstakeholdershasbeguntoemphasizeaphilosophythat


environmentalflowsshouldbedesignedtoservespecific,well‐understoodfunctionsofflow,


particularlyinheavily‐modifiedsystemssuchastheBay‐Delta(Acremanetal.2014;Yarnelletal.


2015),andthatagreaterunderstandingofthemechanismsbehindflow‐ecosystemrelationshipsis


neededtoimprovemanagementofflowtoprotectaquaticecosystems(DeltaISB2015).Similarto


theBBM(KingandLouw1998;Kingetal.2008),a“functional‐flow”(Yarnelletal.2015)or


“designerflow”(Acremanetal.2014)approachreliesonanunderstandingofthefunctions


providedbyparticularhydrographcomponents,suchaslargefloodsthatmaintainchannels,flows
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thatcreateandmaintainfloodplainconnectivitythatsupportsspawning,foodproduction,and


rearing,andpredictableratesofdeclineinflowresultingfromsnowmeltrecession.Therisk


inherentinawholesaleadoptionofthisapproachissimilartotherisksassociatedwithapproaches


solelybasedonhabitatneedsofsinglespeciesorlifestages—flowcomponentsmaybeomitted


simplybecausetheirsignificanceisnotappreciatedorunderstood,resultinginlessprotectionthan


intended(Acremanetal.2014).


ThescientificinformationsummarizedinthisReportisconsistentwiththeinformationthatisused


tosupportholisticmethodologiesfordevelopmentofenvironmentalflows.Chapter2reviewsthe


hydrologyandhydrodynamicsoftheSacramentoRiver,itstributaries,theDeltaeastsidetributaries,


andtheDeltaitself.Comparisonsofa94‐yearrecordofmodeledflowsundercurrentconditionsand


unimpairedconditionsprovideanindicationofthelevelofflowalterationthathasresultedfrom


waterdevelopment,althoughitisacknowledgedthatunimpairedflowsdonotexactlyrepresent


naturalflowsthatwouldhaveoccurredinapre‐developmentlandscape.Chapter3reviewsthe


availableinformationontherelationshipbetweenflowandecosystemstructureandfunction.


Chapter3alsoincludesinformationonspecies‐specificresponsestoflow,includingstatistical


analysesoftherelationshipsbetweenflowandabundanceorpopulationgrowth.Although


mechanisticunderstandingoftheseflow‐ecosystemandflow‐speciesrelationshipsisnotcomplete,


theinformationavailableintheBay‐DeltawatershedandsummarizedinthisReportisonparwith


thatusedinotherenvironmentalflowassessments,andprovidesareliablebasisforassessingthe


likelyrelativeoutcomesofnewflowrequirements(see,e.g.,thediscussionofflowalteration‐


ecologicalresponserelationshipsinPoffetal.2010).


ThescientificinformationsummarizedinthisReportestablishestheneedforinflowrequirements


intheSacramentoRiver,itstributariesandtheDeltaeastsidetributariesandtheneedsforDelta


outflow,coldwaterhabitatandinteriorDeltaflowrequirementsthatworktogetherina


comprehensiveframeworkwithothercomplementaryactionstoprotecttheBay‐Deltaecosystem.


Inflowrequirementsareneededtoprovideforinstreamflowneedswithintributariesforsalmonids


andothernativespeciesandtocontributetoDeltaoutflowsandthecriticalfunctionsthoseflows


provideforestuarinespecies.Inflowrequirementsareneededonsometributariestopreserve


existingprotectiveflowsandareneededonotherstoimproveexistingflowconditions.Whilethe


needsforinflowsandassociatedoutflowsareclear,therearesignificantchallengestoestablishing


flowrequirementsforawatershedofthissizeandcomplexitythatissocriticaltotheState’swater


supplyneeds.Atthesametime,theneedforactioniscriticalgiventhedegradedstatusofthe


ecosystemandlackofacomprehensiveregulatorystructureinthefaceofincreasingwaterdemands


andclimatechange.Aholisticinstreamflowapproachappliedattheprogrammaticandregional


levelisproposedtoaddresstheseissues.Inparticular,theapproachrecognizesthat(1)theflow


regimeistheprimarydeterminantofstructureandfunctioninriverineecosystems,(2)


environmentalflowsshouldbebasedgenerallyonthenaturalflowregime,(3)allfeaturesofthe


ecosystemshouldbeconsideredand(4)thattherealityofmultipleneedsforwatermustplaya


significantrole.


Togethertheproposedchangestotheinflow,outflow,andinteriorDeltaflowrequirementsofthe


Bay‐DeltaPlan,alongwithotherhabitatrestorationactionsofothersareproposedtoworktogether


toprovidecomprehensiveprotectiontotheecosystemandnativeaquaticspeciesfromnatal


streamsthroughtheDeltaandBayinamannerconsistentwiththeholisticapproach.Similartothe


draftPhaseISanJoaquinRiverflowrequirements,theuseofunimpairedflowsisrecommendedto


createawatersupplybudgetfortheprotectionoftheecosystemandnativefishandwildlifeinthe


SacramentoRiver,itstributariesandeastsidetributariestotheDelta.Thoseinflows,andinflows
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fromtheSanJoaquinRiverwouldprovideoutflowtoprotectfishandwildlifethroughouttheir


migratoryrangeasdiscussedfurtherbelow.Unimpairedflowrepresentsthetotalamountofwater


availableataspecificlocationandtime,apercentageofwhichcanbeallocatedtobeneficialusesand


theenvironmentalfunctionssupportingthoseuses.Asdiscussedpreviously,whileunimpairedflow


isnotthesameasnaturalflow,itisgenerallyreflectiveofthefrequency,timing,magnitude,and


durationofthenaturalflowstowhichfishandwildlifehaveadapted,particularlyintributaries.


Whereunimpairedflowsmaynotprovideforalloftheattributesofnaturalflowfunctionsthat


wouldbeprotectiveoftheecosystem,adaptivemanagementprovisionsareproposed.Aflow


requirementbasedonapercentofunimpairedflowisintendedtoensurethataminimumamountof


availablesupplyfromawatershedisallocatedforthereasonableprotectionofnativefishand


wildlifebeneficialuses.Adaptivemanagementprovisions,includinganynecessarysculptingofthat


flow,wouldprovidespecificfunctionalflowstoimprovefishandwildlifeprotection.Biologicalgoals


wouldbeusedtohelpinformadaptivemanagementdecisions.


AsdiscussedinChapter3,theflowregimehaswidespreadeffectsonphysicalandbiological


processesinboththeriverineandtidalportionsoftheBay‐Deltawatershed.Thelong‐termphysical


characteristicsofflowvariabilityhavestrongecologicalconsequencesatlocaltoregionalscales,and


attimeintervalsrangingfromdays(ecologicaleffects)tomillennia(evolutionaryeffects)(Lytleand


Poff2004).Nearlyeveryotherhabitatfactorthataffectscommunitystructure,fromtemperatureto


waterchemistrytophysicalhabitatcomplexity,isinfluencedbyflow(Moyleetal.2011).


Consequently,usingariver’sunalteredhydrographicconditionasafoundationfordetermining


ecosystemflowrequirementsiswellsupportedbythecurrentscientificliterature(Poffetal.1997;


Tennant1976;OrthandMaughan1981;MarchettiandMoyle2001;Mazvimavietal.2007;Moyleet


al.2011;Kiernanetal.2012).ForthesereasonsregulatoryprogramsinTexas,Florida,Australia,


andSouthAfricahavedevelopedflowprescriptionsbasedonunimpairedhydrographicconditions


inordertoenhanceorprotectaquaticecosystems(Arthingtonetal.1992,2004;NRC2005;Florida


AdministrativeCode2010).TheWorldBankalsonowusesaframeworkforecosystemflowsbased


ontheunalteredquality,quantity,andtimingofwaterflows(HirjiandDavis2009).Researchers


involvedindevelopingecologicallyprotectiveflowprescriptionsconcurthatmimickingthe


unimpairedhydrographicconditionsofariverisessentialforprotectingpopulationsofnative


aquaticspeciesandpromotingnaturalecologicalfunctions(Sparks1995;Walkeretal.1995;Richter


etal.1996;Poffetal.1997;TharmeandKing1998;BunnandArthington2002;Richteretal.2003;


Tharme2003;Poffetal.2006;Poffetal.2007;BrownandBauer2009).Intheirreportdescribing


methodsforderivingflowsneededtoprotecttheBay‐Deltaandwatershed,Fleenoretal.(2010)


suggestthatwhileusingunimpairedflowsmaynotindicateprecise,oroptimal,flowrequirements


forfishundercurrentconditions,itwouldprovidethegeneralseasonality,magnitude,andduration


offlowsimportantfornativespecies(seealsoLundetal.2010).


Unimpairedflowisnotafixedquantity,butvarieswithlocalandseasonalhydrology,soitismore


reflectiveoftheconditionstowhichthespeciesbeingprotectedareadapted(StateWaterBoard


2010)andtotheavailabilityofwaterforallpurposes.Thepercentofunimpairedflowapproach


encouragesthediversityofflowneededforecosystemfunctionsdescribedinChapter3.Specifically,


informationindicatesthatsalmonidsrespondtovariationsinflowandneedcontinuityofflow


betweennatalstreamsandtheDeltafortransportandhomingfidelity.Healthysalmonid


populationsalsorequirehealthysubpopulationsindifferentstreamswithdifferentlifehistory


strategiestomaintaingeneticdiversityanddistributerisktothepopulationthatmayoccurfrom


ecologicaldisturbances.Thehistoricpracticeofdevelopingfixedmonthlyflowcriteriatobemet


fromafewsourcesisnotoptimalforprovidingthesefunctionswhileunimpairedflowrequirements
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fromdifferenttributariesare.Atthesametime,however,giventheimpedimentstofishpassageinto


historicspawningandrearingareas,therearealsoneedswithinsometributariestodivergefrom


thenaturalhydrographatcertaintimesoftheyeartoprovidemoreflowthanmighthavenaturally


occurredorlessflowtoensurethatsufficientwaterisavailableatothertimesofyeartomitigatefor


lossofaccesstoappropriatehabitat,particularlyduringsummerandfall.


Inadditiontothescientificbasisfortheunimpairedflowapproach,theapproachaffordspublic


transparencyastotheallocationofwaterbetweenfishandwildlifeandotherbeneficialuses.The


percentofunimpairedflowapproachidentifiestheallocationofaseasonallyandannuallyvariable


quantityofwaterforthereasonableprotectionoffishandwildlifeandotherbeneficialuses.In


contrast,atableofdifferentflowrequirementstoprotectfishandwildlifeindifferentseasonsand


underdifferenthydrologicconditionsprovidesnoindicationoftheallocationthathasoccurred


betweenbeneficialusesofthewater.Theuseofapercentofunimpairedflowapproachassignsa


percentoftheavailablewatertofishandwildlife,andleavestheremainderforotheruses.


Basedontheabove,thisReportrecommendstheuseoftheunimpairedflowapproachforinflows


andoutflows.Adaptivemanagementwouldallowforthepercentofunimpairedflowbudgettobe


sculptedtoprovideforspecificfunctionalflows,adaptivemanagementexperimentsandtorespond


tonewinformationandchangingcircumstances.ToassisttheStateWaterBoardindeterminingthe


amountofwaterthatshouldbeprovidedtoreasonablyprotectfishandwildlifebeneficialusesin


theSacramentoRiverbasinandDelta,arangeofpercentofunimpairedflowisanalyzedinthis


Report.TheReportanalyzesarangefrom35to75percentofunimpairedflowfromtheSacramento


Riverandeastsidetributariestodeterminethefrequencyofachievingflowsprotectiveofspecific


speciesidentifiedinChapter3andthepotentialforincreasingnativefishabundanceasafunctionof


increasingthepercentofunimpairedflowprovidedtofishandwildlife.Whilespecificflowversus


speciesabundancerelationshipsareevaluatedinthischapter,therearealsobenefitsthatoccurat


lowerandhigherflowsthatareidentifiedinthetablesandfiguresincludedinChapter3.Generally,


thehighertheflowsupto100percentofunimpairedflow(andhigherinthesummerandfall),the


greaterthebenefitsarefornativespeciesandtheecosystemprovidedadequatesuppliesare


maintainedforcoldwaterandflowsatothertimes.


Theseinitialanalysescomparemodeledcurrentconditionswitharangeofpotentialpercentof


unimpairedDeltainflowandDeltaoutflowscenarios.Thisrangewillberefinedwithmodelingto


developalternativesforadditionalanalysisthatconsidertheneedsforcoldwaterstorageandother


uses.Specifically,unimpairedflowdatafromSacWAM(AppendixA)arecombinedwithresultsfrom


theSacWAMmodelofcurrentconditions(StateWaterBoard2017)tocomparetheflowthatwould


occurunderarangeofunimpairedflowstothemodeledSacWAMcurrentconditionsflows.Forthe


analysisofDeltaoutflow,modeledvaluesofexistingminimumrequiredDeltaoutflow(MRDO)


pursuanttotherequirementsofthe2006Bay‐DeltaPlan,D‐1641,andtheUSFWSBiOpareprovided


forcomparisonaswell.


Thepercentofunimpairedflowlinesinthefigurescontainedinthischapterrepresenttheminimum


flowsthatwouldberequiredifthespecifiedpercentofunimpairedflowwasimposedasaflow


requirementinthespecifiedreach(seeAppendixAformoreinformationonthedevelopmentof


unimpairedflows).Thus,theselinesillustratetheflowsthatwouldbeexpectedtooccurifmeeting


thepercentofunimpairedflowlevelwastheonlyfactorcontrollingflowsinthereach.Thepercent


ofunimpairedflowlinesinthefiguresdonotincludeotherflowsthatwouldoccurasaresultof


floodcontrolreleases,otherregulatoryflowrequirements,orotherreasonsthatarenotassociated


withthepercentofunimpairedflowrequirement.Inreality,theseadditionalflowswouldoccur,
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particularlyinwetterconditions,andwouldincreasetheactualexpectedflowsundereachscenario.


Assuch,whiletheunimpairedflowlinesdonotrepresenttheexpectedflowsthatwouldoccur


underanunimpairedflowregulatoryrequirement,theygenerallyrepresenttheexpectedminimum


flowsthatwouldresultundersucharequirement.Modelinganalysesthatincludetheadditional


expectedflowsfromfloodcontrol,otherregulatoryrequirementsetc.,willbeprovidedintheStaff


Report.


Likewise,fortheDeltaoutflowfigures,similartothepercentofunimpairedflowlines,theMRDO


linesinthefiguresdonotincludeanyotherflowsbeyondtheBay‐DeltaPlanorUSFWSBiOpflow


requirementsthatwouldoccurasaresultoffloodcontrolreleases,otherregulatoryflow


requirementsorotherreasons.Additionalflowsexpectedtooccurinrealityasaresultofflood


controlreleases,otherregulatoryflowrequirements,orotherreasonsarereflectedintheexisting


flowsshowninthefigures.ThedifferencebetweentheMRDOlinesinthefiguresandtheexisting


flowlevelinthefiguresrepresentsflowsthatarenotrequiredundertheBay‐DeltaPlanandthe


USFWSBiOpthatcouldpotentiallybediminishedinthefutureastheresultofadditionaldiversions


intheabsenceofadditionalregulatoryflowrequirements.Thesignificantdifferencebetweenthese


flowlevelsindicatesthatexistingBay‐DeltaPlanandBiOpflowrequirementsarenotadequateto


ensureDeltaoutflowconditionsnecessaryforthereasonableprotectionoffishandwildlife


beneficialuses.


BecausethereareverylimitedexistingflowrequirementsforinflowsintheBay‐DeltaPlanand


BiOps,asimilarcomparisonforinflowswouldbewithzeroflowinsteadoftheMRDOlines,meaning


thatonmanystreamstherearelimitedornorequirementsthatpreventflowsfrombeing


completelyremovedfromstreams.Again,thiscircumstanceindicatesthatexistinginflow


requirementsincludedintheBay‐DeltaPlanandBiOpsareinadequatetoreasonablyprotectfish


andwildlifebeneficialuses.Theinflowandoutflowlevelsthatareneededtoreasonablyprotectfish


andwildlifebeneficialusesinawaythatbalancesthoseneedswithotherneedsforwateris,inpart,


apolicydecisionthatwillbeinformedbythescienceinthisReport,evaluationofthepotential


environmentalandeconomiceffectsofdifferentalternatives,publicandagencycommentsand


otherrelevantinformation.


5.2 Tributary Inflows

5.2.1 Introduction

Newinflowrequirementsareproposedforanadromousfish‐bearingtributariesintheSacramento


RiverbasinandDeltaeastsidetributaries(seemapinFigure1.4‐1).2Year‐roundinflowsareneeded


toprotectanadromousandothernativefishandwildlifespeciesthatinhabittheBay‐Deltaandits


tributariesthroughouttheyearasjuvenilesoradults.Specifically,inflowsareneededtoprovide


appropriatehabitatconditionsformigration,spawningandrearingofanadromousfishspecies


(primarilyChinooksalmonandsteelhead)thatinhabittheDeltaanditstributaries,andto




2AnexceptiontothegeneralapproachiscurrentlybeingconsideredforCacheCreek,whichdoesnotsupport

anadromousfishbutdischargestotheYoloBypass(seeChapter2).IncreasedflowsfromCacheCreekwouldcause

localizedfloodingintheYoloBypass(CDFG2008,p.3.4‐19),increasingtheacreageoffloodplaininundation,and

enhancingspawningandrearingopportunitiesforSacramentosplittailandrearinghabitatforjuvenileChinook

salmoninwinterandspringwhilealsocontributingtoDeltaoutflow(seealsodiscussionoffloodplainrearingin

Section3.4.5.2).
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contributetoDeltaoutflowsneededtosupportmigrating,spawning,andrearingestuarinespecies.


Preservationofhighflowlevelsthatarealreadybeingprovidedinsomelessimpairedtributariesis


alsoproposedwhereexistingflowsareprovidingimportantfunctionstoensurethatthoseflowsare


notreduced(e.g.,maintainexistingprotectiveconditions).Theproposedchangestoinflow


requirementsarestructuredtoprovidenecessaryflexibilityandadaptivemanagementprovisions


(forspecificfunctionalflows,scientificallybasedexperiments,andcoordinationwithother


complementaryrestorationefforts)toaddressthecomplexitiesofinflowneedsandconstraintsin


thewatershedinareasonableandprotectivemanner.Inrecognitionofthelocalexpertisewithin


tributariesandthepotentialbenefitofcollaborativesolutions,theprogramofimplementation


wouldprovideaperiodoftimeforregionaland/ortributarybasedflowandothermeasurestobe


developedbystakeholders,approved,andimplementedthatachievetheinflowandcoldwater


habitatrequirementswhilealsocontributingtoDeltaoutflows.


5.2.2 Current Bay‐Delta Plan and D‐1641 Requirements

TheonlyinflowrequirementsfortheSacramentoRiver,itstributariesandDeltaeastsidetributaries


intheBay‐DeltaPlanareminimalmonthlyaverageflowsontheSacramentoRiveratRioVistafor


SeptemberthroughDecemberthatrangefrom3,000to4,500cfsbasedonwateryeartypes.3There


isanadditionalrequirementthatthe7‐dayrunningaverageflowduringthisperiodnotbelessthan


1,000cfsbelowthemonthlyobjective.


D‐1641currentlyassignsresponsibilitytoDWRandReclamationformeetingtheseflow


requirementsthroughconditionsoftheirwaterrightsfortheSWPandCVP.Therearecurrentlyno


otherinstreamflowrequirementsfortheSacramentoRiverbasinandDeltaeastsidetributariesin


theBay‐DeltaPlan.However,numerousotheragreementsandvariousregulatoryrequirements


existthatapplysomeflowrequirementstospecifictributaries.


D‐1641specificallyincludesflowrequirementsontheMokelumneRiversystemfromthe


MokelumneRiverJointSettlementAgreementasthattributary’scontributiontomeetingexisting


Bay‐DeltaPlanrequirements.4D‐1641requiresreleasesfromCamancheReservoirbasedontime


periodandwateryeartype.FromJulythroughSeptember,releasesarerequiredtobeatleast100


cfsandforallothermonthsoftheyear,releasesarerequiredtobeatleast100to325cfs.


5.2.3 Discussion

Currently,inflowstotheDeltaarelargelycontrolledbyupstreamwaterwithdrawalsandreleases


forwatersupply,powerproduction,andfloodcontrol.Asaresult,inflowsfromtributariesdonot


providehabitatorcontributeflowtotheDeltainthesameproportionsastheywouldhave


naturally.Atthesametime,historicupstreamhabitatforsalmonidsandotherspeciesonmany


tributariesisblockedbydamsandotherstructures.AsdiscussedinChapter2,constructionof


upstreamdamsandincreasedin‐basinwaterdemandhasresultedinadecreaseinnetannual


inflowtotheDeltaandaseasonalshiftininflowsfromwinter‐springtosummer‐fall.Peakrunoff


fromwinterrainstormsandspringsnowmeltisnowcapturedintheupstreamreservoirsand


releasedlaterfordownstreamuse.TheresultofwaterdevelopmentintheSacramentobasinisa




3FlowsinSeptemberofallyeartypesarerequiredtobe3,000cfs.FlowsinOctoberofcriticalyeartypesare


requiredtobe3,000cfsandinallotheryeartypesflowsarerequiredtobe4,000cfs.FlowsinNovemberand

Decemberofcriticalyeartypesarerequiredtobe3,500cfsandinallotheryeartypesarerequiredtobe4,500cfs.

4SeeD‐1641pages170through178.
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riversystemwithlessseasonalandannualvariabilityandasmallertotaloutflow,withoutflows


reducedbymorethan60percentinsomeyearsandbymorethan80percentincertainmonths.


Regulated(reservoircontrolled)tributariestotheSacramentoRiverandDeltashowsimilaraltered


seasonalandannualflowpatternswithflowsignificantlyreducedinsomeofthetributariesbymore


than80percentonanannualbasisand100percentincertainmonths.


WaterdevelopmenthasalsoalteredthehydrologyofunregulatedtributariestotheSacramento


RiverandDelta(NMFS2014).Thesesmallerwaterwaysdonothavelargewaterstoragefacilitiesin


theirupperbasinbutoftenhavesmalldamsandotherdiversionstructuresonthevalleyfloorabove


theconfluencewiththeSacramentoRiverandDelta.Thediversionsreducemuch,andattimesall,of


downstreamchannelflowduringspringandsummer,withthegreatestimpairmentsoccurringin


JunethroughSeptemberofdrieryearswhenflowsmaybereducedbyover90percentindrieryears


onsomestreams.


Currently,therearenoinflowrequirementsincludedintheBay‐DeltaPlanforthePhaseIIareawith


theexceptionofminimalfallSacramentoRiverinflowrequirements.Existingoutflowrequirements


resultininflows;however,onlytheProjectsareresponsibleforthoserequirementsandthemeans


bywhichtheProjectsachievethoserequirementsandotherProjectpurposescanbeincompatible


withotherfishandwildlifeneedswithinthetributaries,includingpreservationofcoldwater


resources.Therearesomeflowrequirementsforothertributaries,butthoserequirementsarenot


consistentbetweentributariesorcoordinatedwithBay‐DeltaPlanDeltaoutflowrequirements.


Sometributariesalsohavenoenvironmentalflowrequirementsatall.Whileconditionsmay


currentlybeprotectiveoffishandwildlifeinsomeofthesetributaries,flowrequirementsare


neededtopreventfutureimpactsonfishandwildlife.Inaddition,someofthesetributariesmaydry


upattimesofyearimpactingnativefishandwildlifeduetothelackofflowrequirements,and


othersmayhaveinadequateflowandwaterqualityconditionstoprotectfisheriesresources.Year‐


roundinflowrequirementsareneededintheSacramentoRiver,itstributaries,andtheDelta


eastsidetributariestoaddresstheseissues.


Inflowsareneededtoprovideforecologicalprocessesincludingcontinuityofflowsfromtributaries


totheDeltaandspecificallytoprotectanadromousandotherfishandwildlifespeciesthatinhabit


theBay‐Deltaanditstributariesthroughouttheyearasjuvenilesoradults.Inflowsareneededto


provideappropriatehabitatconditionsformigrationandrearingofanadromousfishspecieslike


salmonidsthathaverunsthatinhabittheDeltaanditstributariesallyear.Thoseflowsarealso


neededtocontributetoDeltaoutflowstoprotectnativeestuarinespecies.Specifically,flowsare


neededthatmorecloselymimictheconditionstowhichnativefishspecieshaveadapted,including


thefrequency,quality,timing,magnitudeanddurationofflows,aswellastheproportionalityof


flowsfromtributaries.Theseflowattributesareimportanttoprotectingnativespeciespopulations


bysupportingkeyfunctionsincludingfloodplaininundation,temperaturecontrol,migratorycues,


reducedstrandingandstrayingandotherfunctions.Providingappropriateflowconditions


throughoutthewatershedandthroughouttheyeariscriticaltogeneticandlifehistorydiversity


thatallowsnativespeciestodistributetherisksthatdisturbancesfromdroughts,fires,disease,food


availability,andothernaturalandmanmadestressorspresenttopopulations.


AsdiscussedinChapter3,atleastonesalmonidrunismigratingthrough,rearingin,orholdingin


theSacramentoRiver,itstributariesortheDeltaanditstributarieseachmonthoftheyear


necessitatingyear‐roundtributaryinflows.Adultsalmonidsrequirecontinuoustributaryflowsof


sufficientmagnitudetoprovidetheolfactorycuestofind,enter,hold,andspawnintheirnatal


streams(Moyle2002).Juvenilesalmonidsalsorequirecontinuoustributaryflowswithadequate
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temperatureanddissolvedoxygenlevelsforrearingandsuccessfulemigration.Alackoftributary


flowaffectshydrologicconnectivitybetweentributariesandthemainstemSacramentoRiverand


Deltaandreducesjuvenilerearinghabitatquantityandquality.


AsdiscussedinChapter3,flowsgreaterthanabout20,000cfsfromFebruarythroughJuneonthe


lowerSacramentoRiverhavebeenfoundtoincreasesurvivalandabundanceofjuvenilefall‐and


winter‐runChinooksalmon.Flowsofthismagnitudearealsoexpectedtoaidinemigrationof


juvenilespring‐runChinooksalmonandsteelhead.Inhalfofallyears,flowinAprilandMayare


currentlylessthan50percentofunimpairedinthelowerSacramentoRiver.Thesereductionsin


flowssignificantlyreducetheoccurrenceofflowsof20,000cfsormoreinthelowerSacramento


River.


TheexceedanceplotsinFigures5.2‐1and5.2‐2showthedistributionsofaveragelowerSacramento


RiverflowsatRioVistaundermodeledcurrentconditions(SacWAM;StateWaterBoard2017)and


35to75percentofunimpairedflow(SacWAM;AppendixA)duringApril–JuneandFebruary–April,


respectively.Theexistingflowsdonotrepresentrequiredflows,particularlysincemanytributaries


donothaveflowrequirements.Also,the35to75percentofunimpairedflowscenariosdonot


includeanyotherregulatoryflowsthatmayexistontributariesanddonotincludeuncontrolled


flowsthatwouldoccurthatmayexceedthepercentofunimpairedflowscenario.Asdiscussed


previously,whenaccountingforthoseflows,flowsatcertaintimeswouldbemuchhigherthan


indicatedbelow.Thisisgenerallythecaseforthewettestanddriestyearsintheperiodofrecord


examined.AdditionalanalyseswillbeprovidedintheStaffReportthataccountfortheseadditional


flows.Thedashedhorizontallinesindicateflowsof20,000cfstosupportoutmigrationofjuvenile


Chinooksalmon,andtheirintersectionswiththeexceedancecurvesprovidesanestimateofhow


frequentlytheseflowswouldbeobservedunderthisrangeofconditions.Evenwithoutaccounting


forcontrolledanduncontrolledflows,flowsgreaterthan55percentofunimpairedincreasethe


frequencyofaverageAprilthroughJuneandFebruarythroughJuneflowsexceeding20,000cfs


relativetocurrentconditions(Figures5.2‐1and5.2‐2).
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Figure 5.2‐1. Frequency of Meeting April–June Sacramento River at Rio Vista Flows of 20,000 cfs
for Current Conditions as Modeled by SacWAM, and 35 to 75 Percent of Unimpaired Flow at Rio
Vista
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Figure 5.2‐2. Frequency of Meeting February–April Sacramento River at Rio Vista Flows of 20,000
cfs for Current Conditions as Modeled by SacWAM, and 35 to 75 Percent of Unimpaired Flow at
Rio Vista




InadditiontotheRioVistaflowlevelsdiscussedabove,Chapter3alsoexplainshowflowsexceeding


17,000–20,000cfsatFreeportontheSacramentoRiverpreventreverseflowsatGeorgianaSlough,


thusdecreasingthelikelihoodofentrainmentofSacramentoRiverbasinsalmonidstotheinterior


Delta,wheresurvivalislower.Figure5.2‐3showstheexceedancefrequencydistributionsof


monthlyFreeportflowsduringNovemberthroughMayforcurrentconditionsandtherangeof35to


75percentofunimpairedflow.SimilartothepatternseenforRioVistaflows,higherpercentagesof


unimpairedflowprovideconditionsmoreoftenthatpreventflowreversalsinlatefallandwinter.


Again,actualflowsunderapercentofunimpairedflowrequirementwouldbehigherwhen


accountingforstormflows,otheruncontrolledflows,andotherregulatoryflows,particularlyforthe


lowerpercentofunimpairedflowlevelsandthewettestanddriesthydrologies.However,even


withoutaccountingfortheseotherflows,inAprilandMayflowsof17,000cfswouldbeachieved


moreoftenatflowsof65percentandhigher.Becausethereareonlylimitedflowrequirementsfor


thistimeperiod,additionalflowrequirementswillensurethatminimallevelsofflowareprovided


aswell.
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Figure 5.2‐3. Exceedance Frequency of Monthly Flow at Freeport on the Sacramento River for
November–May under Current Conditions as Modeled by SacWAM, and 35 to 75 Percent of
Unimpaired Flow. Flows greater than 17,000 (orange dashed line) to 20,000 cfs (blue dashed line)
prevent tidal reversal at Georgiana Slough.




InadditiontotheSacramentoRiverinflowrelationshipsdiscussedabove,year‐roundflowisneeded


onothertributariestotheSacramentoRiverandDeltatosupportmigration,rearing,andholdingof


salmonidsandtocontributetoDeltaoutflow.AsdiscussedinChapter3,themostcommonstressor


forbothadultandjuvenilesalmonidsisalackofhydrologicconnectionbetweentributariesandthe


SacramentoRiver,particularlyduringthesummerwhenwatertemperaturesareoftentoohighand


flowsaretoolowtofullysustainsalmonids.Asdiscussedabove,sometributarieshavenoflow


requirementsatalloronlyminimalrequirementsthatarenotadequatetoprotectfishandwildlife.


Whileconditionsmaycurrentlybeprotectiveoffishandwildlifeinsomeofthesetributaries,flow


requirementsareneededtoensurethatthecurrentconditionsarenotdegradedovertimeasthe


resultofnewormodifieddiversions.Inaddition,someofthesetributariesmaydryupattimesof


yearduetothelackofregulatoryflowrequirementsandothersmayhaveinadequateflowand


waterqualityconditionstoprotectfisheryresources.TributaryinflowsalsocontributetoDelta


outflowsthatarecriticalforbothsalmonidsandestuarine‐dependentspecies.Table3.13‐2


summarizestheflowrelationshipsofseveralestuarinespeciesthatserveasindicatorsofecosystem


health.
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Basedontheabove,newinflowrequirementsareproposedfortheSacramentoRiverandits


tributariesandeastsidetributariestotheDelta.Theproposedchangestoinflowrequirementsare


structuredtoprovidenecessaryflexibilityandadaptivemanagementprovisionstoaddressthe


complexitiesofinflowneedsandconstraintsinthewatershedinareasonableandprotective


manner.Biologicalgoalsareproposedtoinformhowadaptivemanagementisconducted.The


biologicalgoalsareproposedtoincorporate“SMART”(specific,measurable,achievable,relevant,


andtimebound)principlesandwillbetiedtocontrollablefactorswithinspecificwatersheds.


Inaccordancewiththeholisticinstreamflowmethod,theproposedinflowrequirementswould


establishaunitingregulatoryapproachforinstreamflowrequirementsforallsalmonid‐bearing


tributariesintheBay‐DeltawatershedfortheentireyearthatprovidesforcontributoryDelta


outflowsemphasizingtheneedtoprotecttheecosystemasawhole.Further,theapproachis


structuredtoaddresstherealitiesoftheexistingalteredlandscapeinwhichtheseflow


requirementswillbeestablishedintermsofthephysicalalterationsfromchannelization,


constructionofdamsandotherissuesandtherealitiesthatflowsarealsoneededforhuman


purposes.


Theproposednewinflowrequirementsincludeanumericandnarrativecomponent.Thenarrative


portiondescribestheinflowconditionsnecessarytoreasonablyprotectnativefishpopulations,


includingthroughcontributiontoDeltaoutflowstoprotectestuarinespecies.Thenewnumeric


inflowrequirementisproposedtoreasonablyprotectnativefishpopulations,includingby


implementingthenarrativecomponentandintegratinginflowsandoutflowsinacomprehensive


manner.Theproposedinflowrequirementswoulddedicateaportionoftheinflowofawatershedto


environmentalpurposesbasedontheunimpairedflowofthatstream.Thisdedicatedquantityof


environmentalflowswouldthenbeprovidedbasedontheuniqueneedsandcircumstancesofeach


tributaryandonaregionalbasistoprovideforcriticalfunctionswithinthestreamsandas


contributoryflowstotheDelta.Giventhealteredphysicalandhydrologicstateofthewatershedand


itssizeandcomplexity,inflowrequirementsneedtobedevelopedinanadaptiveandflexible


frameworkinacoordinatedfashionwithoutflows,coldwaterhabitat,andinteriorDeltaflowsto


maximizetheeffectivenessofflowmeasureswhileprovidingformeaningfulandpromptactionthat


respondstonewscienceandchangingconditions.


5.2.4 Conclusion and Proposed Requirements

Availablescientificinformationsupportstheproposedyear‐roundinflowrequirementsforthe


SacramentoRiver,itstributaries,andtheDeltaeastsidetributariestoensurethereasonable


protectionoffishandwildlifebeneficialuses,includingthenaturalproductionofviablenativefish


populationsrearinginandmigratingtoandfromtributariesandtheDelta.Intributarieswhere


flowsarecurrentlysignificantlyimpaired,thesenewinflowrequirementsareneededtoimprove


conditionsforfishandwildlifeandtoprovideforconnectivityandcontributionofflowtotheDelta.In


tributarieswhereflowsarelessimpaired,newinflowrequirementsareneededtoensurethatthose


flowsdonotbecomeimpairedtothedetrimentoffishandwildlife.Thepurposeoftheproposed


changestoinflowrequirementsistoimproveecosystemfunctionsbyprovidingappropriatehabitat


conditionsforadultsalmonidimmigrationandholdingandjuvenilerearingandoutmigration,and


contributingtoDeltaoutflowtosupportnativeanadromousandestuarinespecies.Theproposed


inflowrequirementsarealsospecificallyintendedtoprovideforincreasingthefrequencyand


durationoffloodplaininundationforthebenefitofnativespecies,includingforSacramentosplittail


spawningandSacramentosplittailandsalmonidrearing,aswellastheproductionofestuarinefood
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suppliesforotherspecies.TheexistingSacramentoRiveratRioVistainflowrequirementsduring


SeptemberthroughDecemberwouldberetainedinordertomaintaintheminimallevelof


protectioncurrentlyprovidedbythesebaseflows.


Theproposednewinflowobjectiveisexpressedbothnumericallyandnarratively.Thenarrative


portionoftheobjectivedescribestheinflowconditionsnecessarytoreasonablyprotectnativefish


populations,includingthroughcontributiontoDeltaoutflows.Thenumericinflowobjectiveis


proposedtoincludearangefortheflowssuchthatflowlevelscouldbeadjustedupordownwithin


therangeinordertoaddresstheuniqueneedsandconditionsofthetributaries(includingcold


waterpoolneeds),changinginformation(newscience)andchangingconditions(implementationof


non‐flowmeasures,drought,etc.)inawaythatreasonablyprotectsfishandwildlife.Theproposed


numericrequirementsmaybemanagedasabudgetofwaterfortheenvironment.Thatbudget


wouldbeestablishedbasedonapercentageoftheinflowstothewatershedsassumingtherewere


nodiversionsoccurring(percentofunimpairedflow),therebyallocatingaportionofthewaterin


thewatershedtotheenvironmenttobemanagedtoimprovebenefitsforfishandwildlifeforinflow


andoutflowpurposes.Throughadaptivemanagement,unimpairedflowscouldbesculptedto


providemaximumbenefitstofishandwildlife,includingtargetedpulsestocuemigration,summer


coldwaterreleases,baseflowsandotherfunctions.Thetributaryinflowsareintendedtobe


protectedfromthetributariesoutthroughtheDeltaandtoprovideforfloodplaininundation.


Theproposedrangeforthenumericinflowobjectivehasnotyetbeendeterminedandwillbe


determinedafterconsideringtheinformationinthisReport,alongwithinformationtheStateWater


Boardneedstoconsiderwhenestablishingwaterqualityobjectives,includingpast,present,and


futurebeneficialusesofwater,theenvironmentalcharacteristicsofthehydrographicunitunder


consideration,economicconsiderations,theenvironmentaleffectsofalternatives,publiccomments


andotherinformation.Therangeunderconsiderationisfrom35to75percentofunimpairedflows


andgenerallydoesnotprovideforflowslowerthancurrentconditions.


Theproposednarrativeinflowcomponentoftheobjectiveisasfollows:


MaintaininflowconditionsfromtheSacramentoRiveranditstributariesandtheDeltaEastside

Deltatributariessufficienttosupportandmaintainthenaturalproductionofviablenativefish

populationsandtocontributetoDeltaoutflows.Inflowconditionsthatreasonablycontribute

towardmaintainingviablenativefishpopulationsinclude,butmaynotbelimitedto,flowsthat

morecloselymimicthenaturalhydrographicconditionstowhichnativefishspeciesareadapted,

includingtherelativemagnitude,duration,timing,qualityandspatialextentofflowsasthey

wouldnaturallyoccur.


Indicatorsofnativefishspeciesviabilityincludepopulationabundance,spatialextent,distribution,

productivityandgeneticandlifehistorydiversity.Viabilityisdependentonmaintainingmigratory

pathways,sufficientquantitiesofhighqualityspawningandrearinghabitatandaproductivefood

web.


Theproposednumericinflowcomponentoftheobjectiveisasfollows:


CombinedinflowsfromtheSacramentoRiveranditstributariesandDeltatributaries(excluding

thelowerSanJoaquinRiverinflowsspecifiedbelow)shallbemaintainedbetweenX(e.g.,45)

percent–X(e.g.,65)percentofunimpairedflow.
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Togethertheproposedchangestotheinflow,outflow,andinteriorDeltaflowprovisionsoftheBay‐


DeltaPlan,alongwithotherhabitatrestorationactionsofothersareproposedtoworktogetherto


providecomprehensiveprotectiontofishandwildlifefromnatalstreamsthroughtheDeltaandBay.


Theproposedchangestoinflowrequirementsarestructuredtoprovidenecessaryflexibilityand


adaptivemanagementprovisionstoaddressthecomplexitiesofinflowneedsandconstraintsinthe


watershedinareasonableandprotectivemanner.


Theexactmethodbywhichtheinflowswillbeachievedhasnotbeendetermined.Theprogramof


implementationwouldrequirethedevelopmentoftributaryplans,containingaflowelementthat


willachievethenarrativerequirementandfallwithintherangeofthenumericrequirement.A


specifictributaryflowmayfalloutsideoftherangeofthenumericobjectiveiftwoormore


tributariesworktogethersuchthattheircombinedflowsmeetthenumericrequirementandthe


specifictributaryflowstillmeetsthenarrativerequirement(e.g.,maintainconnectivityand


contributetooutflow).Flowfromtributarystreamstoconnectmigrationcorridorsandcontribute


toDeltaoutflowwillnecessarilyinvolvecontributionsfromotherwaterusers,astherequirements


cannotreasonablybeachievedbytheProjectsalone.Inrecognitionofthelocalexpertisewithin


tributariesandthepotentialbenefitofcollaborativesolutions,theprogramofimplementation


wouldprovideaperiodoftimeforregionaland/ortributary‐basedflowandothermeasurestobe


developedbystakeholdersforapprovalbytheStateWaterBoard.Ifatributaryplanisnot


developedorisfoundtobeunsatisfactory,theStateWaterBoardwouldexerciseitslegislativeor


adjudicativepowersinvolvingwaterrightsandwaterqualitytorequireimplementationofthe


objectives.


Theprogramofimplementationwouldclarifythatthetributaryinflowsaretobeprotectedfromthe


confluencesofthetributariesoutthroughtheDelta.Theseflowswouldnotbeconsidered


abandoned,andcouldnotbedivertedbydownstreamusers.Theprogramofimplementationwould


directStateWaterBoardstafftocontinuedevelopingproperenforcementmechanisms,andas


necessary,draftregulationsfortheStateWaterBoard’sconsiderationtoassistwiththiseffort,and


considerupdatestotheFullyAppropriatedStreams(FAS)listtoensurethattributariesalready


protectivearenotdegraded.


5.3 Delta Outflow

5.3.1 Introduction

NewandmodifiedDeltaoutflowrequirementsareproposedthroughouttheyeartosupportand


maintainthenaturalproductionofviablenativefishpopulationsresidingin,rearingin,ormigrating


throughtheestuary.Deltaoutflowshavebeenreducedovertimeastheresultofwaterwithdrawals


resultinginreducedsuitablehabitatforestuarinespecies.ExistingDeltaoutflowrequirementsare


farbelowexistingDeltaoutflowsandarelikelytobereducedovertimewithoutadditional


requirementsaswateruseintensifies.ToensurethatminimumquantitiesofDeltaoutfloware


providedtotheestuary,baseDeltaoutflowsthatrangefrom3,000cfsto8,000cfsbasedonwater


yeartypefromJulythroughJanuaryandFebruarythroughJuneflowsof7,100cfsfromthecurrent


Bay‐DeltaPlanwouldbemaintained.Inaddition,anewinflow‐basedDeltaoutflowisproposedthat


wouldbeconsistentwiththerangeforinflowsdiscussedabove.Therequirementspecifiesthatthe


requiredinflowsfromtheSacramentoandSanJoaquinRiversandtheirtributariesandthethree


Deltaeastsidetributariesareprovidedasoutflowswithappropriateadjustmentsfordepletionsand
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accretions,includingadjustmentsforfloodplaininundationflowsandothersideflows.Afalloutflow


requirementconsistentwiththeUSFWSBiOpisalsoproposed.Liketheinflowrequirements,the


outflowrequirementswouldallowforadaptivemanagementandshiftingandsculptingofflows.The


programofimplementationwouldrequirethedevelopmentofaplanthataddresses


implementationmeasuresbyDeltausers,includingtheProjects,aswellasmonitoring,reporting,


andevaluation.Theplanwouldaddressaccountingfortheexistingandnewrequirements,including


integrationwithtributaryplanstotheextentpossible,accretionsanddepletions,andevaluationof


theexistingandnewmethodsofcompliancewithDeltaoutflowstoensuretheyareprotective.


5.3.2 Current Bay‐Delta Plan, D‐1641 and Biological Opinion
Requirements

Existingyear‐roundDeltaoutflowrequirementsaresetforthinTables3and4(includingassociated


footnotesandfigures)oftheBay‐DeltaPlanandD‐1641,andvarydependingonwateryeartypeand


season.OutflowobjectivesincluderequirementsforcalculatedminimumnetflowsfromtheDeltato


SuisunandSanFranciscoBays(theNetDeltaOutflowIndexorNDOI)andmaximumsalinity


requirements(measuredaselectricalconductivityorEC).SincesalinityintheBay‐Deltasystemis


closelyrelatedtofreshwateroutflows,bothtypesofobjectivesareindicatorsoftheextentand


locationoflowsalinityestuarinehabitat.TheNDOIisacalculatedflowexpressedasDeltainflow,


minusnetDeltaconsumptiveuse,minusDeltaexports(Bay‐DeltaPlanFigure4).Chapter2


discussesvariousissuesassociatedwiththeaccuracyofthiscalculatedvalue.


ForFebruarythroughJune,Deltaoutflowobjectivesareidentifiedinfootnote10ofTable3and


Table4.Pursuanttofootnote10,theminimumdailyNDOIduringFebruarythroughJuneis7,100cfs


calculatedasa3‐dayrunningaverage.5Thisrequirementmayalsobemetbyachievingeitheradaily


averageor14‐dayrunningaverageECattheconfluenceoftheSacramentoandSanJoaquinRiversof


lessthanorequalto2.64millimhospercentimeter(mmhos/cm)(CollinsvillestationC2).Additional


DeltaoutflowobjectivesarealsocontainedinTable4,whichrequireacertainnumberofdaysof


compliancewithflowsof11,400cfsorsalinitycomplianceatChippsIslandorflowsof29,200cfsor


salinitycomplianceatPortChicagobasedonthepreviousmonth’sEightRiverIndex(ERI),whichis


anindexofunimpairedflowsfromtheeightmajortributariestotheDelta.6




5AnadditionalrequirementappliesinFebruaryfollowingwetterJanuaryconditionsthatrequiresX2tobe

downstreamofCollinsvilleforatleast1daybetweenFebruary1andFebruary14.Therearealsoexceptionstothe

FebruarythroughJuneflowrequirementsinextremelydryconditions.

6Pursuanttofootnote9ofTable3ofD‐1641,theERIreferstothesumoftheunimpairedrunoffaspublishedinthe


DWRBulletin120forthefollowinglocations:SacramentoRiverflowatBendBridge,nearRedBluff;FeatherRiver,

totalinflowtoOrovilleReservoir;YubaRiverflowatSmartville;AmericanRiver,totalinflowtoFolsomReservoir;

StanislausRiver,totalinflowtoNewMelonesReservoir;TuolumneRiver,totalinflowtoDonPedroReservoir;

MercedRiver,totalinflowtoExchequerReservoir;andSanJoaquinRiver,totalinflowtoMillertonLake.
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ForJulythroughJanuary,theminimumDeltaoutflowvarieswithintherangeof3,000cfsto


8,000cfsbasedonmonthandwateryeartypeasspecifiedbelow.


Table 5.3‐1. Existing Delta Outflow Objectives from July to January*

WaterYearType Month 
MinimumMonthlyAverage

NetDeltaOutflowIndex(cfs)


Wet(W)andAboveNormal(AN) July 8,000


BelowNormalBN) 6,500


Dry(D) 5,000


Critical(C) 4,000


W,AN,BN August 4,000


Dry 3,500


C 3,000


All September 3,000


W,AN,BN,D October 4,000


C 3,000


W,AN,BN,D NovemberandDecember 4,500


C 3,500


All(ifDecERI<800TAF) January 4,500


All(ifDecERI>800TAF) 6,000


* ForJanuary,theobjectiveisincreasedto6,000cfsiftheDecemberERIisgreaterthan800TAF.Forall

months,ifthevalueislessthanorequalto5,000cfs,the7‐dayrunningaverageshallnotbelessthan

1,000cfsbelowthevalueandifthevalueisgreaterthan5,000cfs,the7‐dayrunningaverageshallnot

belessthan80percentofthevalue.





TheProjectsaresolelyresponsibleformeetingDeltaoutflowandothersalinityrequirementsinthe


DeltaincludedintheBay‐DeltaPlan.Muchofthetimetheserequirementsaremetincidentally,but


inmostyearstheProjectsmustreleasesomewaterfromstoragetocomply.Table5.3‐2summarizes


theestimatedamountofadditionalwaterthattheProjectshadtoimportfromtheTrinityRiveror


releasefromstoragetomeetBay‐DeltaPlan/D‐1641requirements(referredtoassupplemental


projectwater)since2000.Withclimatechange,sealevelrise,andincreasingwaterdemandinthe


watershed,theProjectswilllikelyhavetoreleaseadditionalsupplementalprojectwatertomeet


existingrequirementstothedetrimentofcold‐waterreserveandcarryoverstoragetomeetthenext


years’requirements.Thisissuesurfacedintherecentdroughtwhen,despiteminimalexportsfrom


theDelta,theProjectswereunabletomeetBay‐DeltaPlanflowrequirementswhilemaintaining


coldwaterforfish.
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Table 5.3‐2. SWP and CVP Supplemental Project Water Releases from 2000 to 2016

WaterYear 
Sacramento40‐30‐30 
WaterYearType 

SanJoaquin60‐20‐20 
WaterYearType 

Term91SupplementalProject

Water(AF,Total)*


2000 AN AN 731,800


2001 D D 1,368,500


2002 D D 1,218,800


2003 AN BN 741,700


2004 BN D 1,332,900


2005 AN W 229,100


2006 W W 269,600


2007 D C 1,812,500


2008 C C 1,611,800


2009 D BN 1,423,000


2010 BN AN 416,800


2011 W W 94,400


2012 BN D 1,924,000


2013 D C 2,393,700


2014 C C 2,408,000


2015 C C 2,465,400


2016 BN D 2,123,300


* Supplementalprojectwatercanbecalculatedindifferentways.Thesupplementalprojectwaterused

hereisanumbercalculateddailybyReclamationaccordingtoanequationinStateWaterBoardOrder

WR81‐15.Thepublisheddatawasaggregatedandadjusteddownwardforexcessconditions,when

morewaterisreleasedfromstoragethanisneededforexports+inbasindemands+Deltawater

qualityandoutflowrequirements.





DWRandReclamationhaveadditionaloutflowobligationsundertheUSFWSBiOptoimprovefall


habitatforDeltasmeltduringthemonthsofSeptemberthroughDecemberfollowingwetandabove


normalyears.TheUSFWSBiOprequiresDeltaoutflowssufficienttomaintainaverageX2for


SeptemberandOctobernogreaterthan74km(approximately11,400cfs)inthefallfollowingwet


yearsand81km(approximately7,100cfs)inthefallfollowingabovenormalyears.InNovember,


theinflowtoCVPandSWPreservoirsintheSacramentoRiverbasinisrequiredtobeaddedto


reservoirreleasestoprovideanaddedincrementofDeltainflowandtoaugmentDeltaoutflowupto


thefalltarget.InDecember,anystorageaccruedinCVPandSWPreservoirsintheSacramentoRiver


basinduringNovemberisrequiredtobereleasedtoaugmentD‐1641Deltaoutflowobjectives.The


actionissubjecttoevaluationthroughadaptivemanagementandmaybemodifiedorterminatedas


determinedbytheUSFWS(Action4,p.369).


5.3.3 Discussion

Asdiscussedintheprecedingchapters,thehydrologyandothercharacteristicsoftheDelta


ecosystemhavebeensignificantlyalteredduetodevelopmentofagricultureandurbanizationinthe


watershedandotherareasofthestatethatrelyonwatersuppliesfromtheDelta.Everymajor


streaminthewatershedincludessignificantdiversionsofwaterforconsumptiveuses,power


production,andfloodcontrolandnearlyeverymajortributaryincludesseveraldamsforthese


purposes.Thesediversionsofwaterandtheotheralterationshavesignificantlyimpactedthe
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ecosystemandfuturesuchmodificationsduetoincreasingwaterdemandsandclimatechangehave


thepotentialtofurtherimpacttheecosystem.Thecombinedeffectsofwaterexportsandupstream


diversionshavecontributedtoreducetheaverageannualnetoutflowfromtheDeltaby33percent


and48percentduringthe1948–1968and1986–2005periods,respectively,ascomparedto


unimpairedconditions(Fleenoretal.2010).TherehasalsobeenatrendofdecreasingDeltaoutflow


throughtime.Sincethe1990s,therehasbeenareductioninspringoutflowandareductioninthe


variabilityofDeltaoutflowthroughouttheyear(Figure2.4‐8)duelargelytothecombinedeffectsof


exports,diversions,andvariablehydrology.


TheeffectsoftheflowregimeontheecosystemoftheBay‐Deltaestuaryandseveralestuarine‐


dependentspeciesaredocumentedinChapter3.Thedistributionandabundanceofadiversearray


ofestuarinespeciesatalllevelsofthefoodwebrespondpositivelytoincreasedDeltaoutflow.


Severalscientificallybasedmechanismsgenerallyrelatedtoreproductionandrecruitmenthave


beenidentifiedtoexplaintheserelationships.Althoughdefinitiveunderstandingofthese


mechanismsisnotavailable,theavailablescientificinformationsupportstheconclusionthat


greaterquantitiesofDeltaoutflowareneededtosupportestuarineprocesses,habitat,andthe


speciesthatdependuponthem.Nativespeciesspecificallybenefitfromincreasingthearea,duration


andfrequencyofflowsthatplacetheLSZdownstreamoftheconfluenceoftheSacramentoandSan


JoaquinRivers.


Outflowrequirementsareneededtoprovideforecologicalprocessesincludingcontinuityofflows


fromtributariesandtheDeltaandtotheBaytoprotectnativeestuarineandanadromousaquatic


speciesthatinhabittheBay‐Deltaanditstributariesthroughouttheyearasjuvenilesoradults.


Thoseoutflowsareneededtoprovideappropriatehabitatconditionsformigrationandrearingof


estuarineandanadromousfishspecies.Flowsareneededthatmorecloselymimictheconditionsto


whichnativefishspecieshaveadapted,includingthefrequency,quality,timing,magnitude,and


durationofflows,aswellastheproportionalityofflowsfromtributaries.Theseflowattributesare


importanttoprotectingnativespeciespopulationsbysupportingkeyfunctionsincluding


maintainingappropriateLSZhabitat,migratorycues,reducedstrandingandstrayingandother


functions.Providingappropriateflowconditionsthroughoutthewatershedandthroughouttheyear


iscriticaltogeneticandlifehistorydiversitythatallowsnativespeciestodistributetherisksthat


disturbancesfromdroughts,fires,disease,foodavailabilityandothernaturalandmanmade


stressorspresenttopopulations.Aswithinflows,giventhealteredphysicalandhydrologicstateof


thewatershedanditssizeandcomplexity,outflowrequirementsneedtobedevelopedinan


adaptiveandflexibleframeworkinacoordinatedfashionwithinflows,coldwaterhabitatand


interiorDeltaflowstomaximizetheeffectivenessofflowmeasureswhileprovidingformeaningful


andpromptactionthatrespondstonewscienceandchangingconditions.
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5.3.3.1 Current Conditions Compared to Minimum Required Delta
Outflow

MRDOrepresentsexistingregulatoryminimumflows,andisoftensubstantiallylowerthanflows


observedundercurrentconditions.7Overtimewithincreasingwaterdevelopmentandclimate


change,itisexpectedthatflowsunderfutureconditionswillbereducedbelowcurrentconditions


withoutadditionalregulatoryrequirements,perhapstoasubstantialdegreetoalevelapproaching


MRDOflows,whichChapter3indicatesarenotprotectiveoffishandwildlife.


Figure5.3‐1showsseasonalcomparisonsofMRDOpursuanttoBay‐DeltaPlanandD‐1641


requirementsandtheUSFWSBiOprequirementswithSacWAMmodeledflowsundercurrent


regulatoryconditions(StateWaterBoard2017)andobservedDeltaoutflows(DWR2017)divided


intofourhistoricalperiodsbasedonsignificanteventsinthedevelopmentofBay‐Deltawater


resourcesandregulations.Modeledflowsaremostsimilartoregulatoryminimumsduringthedry


seasonofJuly–October,butdeviatesubstantiallyduringwettermonths(Figure5.3‐1).Differences


betweenobservedandmodeledflowsreflectdifferencesinintensityofwaterdevelopment,the


regulatoryenvironment,andunderlyinghydrology.Forexample,theloweroutflowobservedinfall


during2000–2016reflectsincreasedwaterdevelopmentrelativetoearlierperiods,dryhydrology


relativetobothearlierperiodsandthe1922–2015SacWAMrecord,andtheabsenceofafallX2


requirementinthefirsthalfoftheperiod.Higherwinter‐springoutflowsandlowersummer‐fall


outflowsduring1930–1945reflectthelackofmajorstorageregulationinthewatershed,andthe


inabilitytomaintainoutflowsduringdrymonthsofdryyears.Althoughaportionofthewetseason


differencebetweenMRDOandmodeledoutflowsisduetootherregulatoryconstraintssuchasthe


exporttoinflowratioandlimitationsonOMRreverseflows,muchofthe“surplus”Deltaoutflow


modeledaboveMRDOandobservedundercurrentconditionsresultsfromtheinabilitytocapture


valleyfloorrunoff.Themoststrikingdifferencebetweenrequiredandobservedflowsisseenduring


winterandspringofwetteryears,whenbothmodeledandobservedflowsgreatlyexceedregulatory


minimums.Theseflowsmaybereducedbyfuturewaterdevelopment,soadditionalflow


requirementswouldbeneededtoensuretheexistinglevelofprotectionofestuarine‐dependentfish


andwildlifethesehigherflowsprovide.




7MRDOisdefinedastheminimumDeltaoutflowneededtomeettheDeltaoutflowandX2requirementsinBay‐


DeltaPlanTables3and4,salinitycontrolfortheprotectionofagriculturalandmunicipalbeneficialusesinBay‐

DeltaPlanTables1and2,andUSFWSOpinionRPA4(fallX2).Thevaluesusedinthischapterarethosemodeledby

SacWAM(StateWaterBoard2017),andareobtainedbytakingthemaximumoftheflowrequirementsREG_X2,

REG_MRDO,andDeltaoutflowneededforsalinitycontrol.ThisprocedureisequivalenttosummingthearcsD407

andC407_ANNinCalSimII(DWR2015).
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Figure 5.3‐1. Seasonal Comparisons of Minimum Required Delta Outflow (“MRDO”, orange line),
SacWAM Modeled Delta Outflow (“Current”, black line), and Observed Delta Outflow. Observed
Delta outflow is divided into four historical periods: prior to the completion of Shasta Reservoir
(1930–1945, purple line), prior to the completion of Oroville Reservoir (1946–1967, cyan line),
prior to the adoption of D‐1641 (1968–1999, green line), and following the adoption of D‐1641
(2000–2016, red line) (Dayflow data, DWR 2017).
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5.3.3.2 Benefits of Increased Delta Outflow

AnewDeltaoutflowobjectiveisproposedtobetterprotecttheecosystemasawholeandtoprovide


forcontinuityofinflowsandoutflows,referredtoasaninflow‐basedDeltaoutflowobjective,in


whichrequiredinflowsintheBay‐DeltaPlanwouldberequiredasDeltaoutflow(withappropriate


adjustmentforaccretionsanddepletions).Therangeforoutflowrequirementswouldbeconsistent


withtherangefornewinflowrequirements.AnanalysisisprovidedbelowofthemodeledDelta


outflowsthatwouldresultfromthisrangeofinflowsandexistingexpectedflowsfromtheSan


JoaquinRiver.Theanalysiscomparestheseflowlevelstomodeledcurrentconditions,modeled


existingDeltaoutflowandsalinityrequirementsincludedintheBay‐DeltaPlanandUSFWSBiOp


(referredtoasminimumrequiredDeltaoutfloworMRDO)andtheflowlevelsidentifiedinChapter


3thatarecorrelatedwithimprovedabundanceandsurvivalofcertainnativespeciesthatare


believedtobeindicativeoftherelativehydrologicconditionsthatwouldbenefitnativespecies.


Theinflow‐basedDeltaoutflowscenariosreflectinflowsfromthethreemajorregionstributaryto


theDelta:theSacramentoRiverbasin,theeastsidetributariestotheDelta,andtheSanJoaquin


Riverbasin,aswellasotherexpectedaccretionsanddepletions.Thethreeregionsdifferinthe


timingofpeakcontributionstoDeltainflow(seeChapter2).FlowcontributionsfromtheSan


JoaquinRiverupstreamofVernalisarebeingaddressedthroughtheseparatePhaseIprocess.


BecauserevisedSanJoaquinRiverflowobjectiveshavenotyetbeenadoptedbytheStateWater


Board,forpurposesofthisReport,itisassumedthatSanJoaquinRivercontributionswould


continuetoreflectexistingcurrentregulatoryconditions.WiththePhaseIchangestotheBay‐Delta


Plan,thesecontributionswouldpotentiallyincrease.8


Aspreviouslydiscussed,thepercentofunimpairedflowscenariosdonotyetaccountforother


regulatedandunregulatedflowsthatwouldalsocontributetoDeltaoutflowsabovetheinflow‐


basedDeltaoutflowrequirement,andpredictedflowswouldbehigherattimes.Therelative


magnitudeofthisdifferencecanbediscernedbycomparingcurrentconditionswithMRDO.The


StaffReportwillincludemodelinganalysesthatincludetheseadditionalexpectedflows.Whilea


completeanalysisofthisissuewillincludepredictedflowsunderthescenariosthataccountsfor


otherflows,theanalysisisstillusefulforseveralreasons.First,theanalysisindicatesthatMRDOis


inadequatetoensurethecurrentlevelofDeltaoutflowprotection.WhileMRDOrequirementsdo


notcontroloperationsmuchofthetime,withincreasingwaterdiversions,adequateminimum


requirementswillbecriticalasisdemonstratedinChapter2.Second,theanalysisisusefulto


evaluateinarelativesensethemagnitudesofdifferencebetweenMRDOandthescenariosandthe


magnitudeofdifferencebetweenMRDOandexistingcurrentconditionsthathelptoillustratethe


increasedoutflowsthatwouldbeprovidedifthescenarioswereimplemented.


AcomparisonoftheflowsidentifiedinChapter3tosupportestuarinehabitatandspecies


(Table3.13‐2)andMRDOshowsthattheexistingDeltaoutflowobjectivesforwinterandspring


donotgenerallyachievethespecies‐specificflowlevels.Existingflowsgenerallyexceedminimum


D‐1641DeltaoutflowobjectivesforFebruarythroughJune,whichmeansthatovertimewith


increasingwaterdevelopment,existingoutflowswilllikelydiminishwithadditionaldiversions




8Theinflow‐basedDeltaoutflowscenariosarederivedby:(1)estimatingunimpairedDeltaoutflowusingSacWAM,


asdescribedinChapter2andAppendixA;(2)subtractingthemodeledunimpairedSanJoaquinRiverinflowat

VernalistoprovideanestimateoftheDeltaoutflowcontributedbytheSacramentoRiverbasinandeastside

tributariestotheDelta;(3)scalingthevaluesobtainedin(2)bythepercentofunimpairedinflowbeingprovided

fromtheSacramentoRiverbasintributariesandeastsidetributaries;and(4)addingtherequiredinflowatVernalis

pursuanttothecurrentregulatoryrequirementsofD‐1641andtheBay‐DeltaPlan.
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withoutadditionalregulatoryrequirements.Thisalsoindicatesthatthe2006Bay‐DeltaPlanand


D‐1641donotprovidesufficientflowduringdrywateryearsforanyofthespeciesinTable3.13‐2.


Likewise,theflowsshowninTable3.13‐2tosupportlongfinsmelt,Sacramentosplittail,and


whitesturgeonarelargerthanthemaximumflowrequirementinD‐1641of29,200cfs.Thus,


minimumD‐1641outflowsarenotattheflowlevelsindicatedtobeprotectiveofthesethree


speciesunderanyhydrologiccondition.Thisconclusionisconsistentwiththe2010DeltaFlow


Criteriareportthatstated“…thebestavailablesciencesuggeststhatcurrentflowsareinsufficient


toprotectpublictrustresources.”Itisimportanttonote,however,thatwhileSacramentosplittail


andsturgeonmayneedhigherflowsafterMarchthanmostotherspecies,theflowsneededfor


SacramentosplittailmightbereducediftheYoloBypasswasabletobefloodedatalower


SacramentoRiverflow.Also,thelonglifeandhighfecundityrateofsturgeonmakethisspecies


lessdependentonfrequenthighDeltaoutflowevents.Nonetheless,thescienceindicatesthat


increasedflowswillhelptoprotectallofthespeciesdiscussedbelow.


TheflowsfoundinthescientificliteratureorestimatedusingthemethodsinChapter3shouldnot


betakentorepresentabsoluteflowneedsthatmustbemetatalltimesorinallyearstosupport


species.Rather,theyserveasindicatorsofconditionsthatfavornativespecies,andconstituteaset


ofquantifiablemetricsthatcanbeusedtoassesstherelativeprotectionaffordedbyarangeofflow


regimes.Thescientificinformationsupportingmodificationstoexistingflowrequirementsis


broaderthanthesequantitativerelationships,andincludesknowledgeoflifehistory,ecology,and


theconditionsunderwhichnativespeciesevolved.Theanalysisbelowshowshowfrequentlythe


flowsidentifiedinChapter3thatareexpectedtoachievespecifiedspeciespopulationlevelsor


populationgrowthrates(foreaseofreference“speciesflow”)wouldberealizedundertherangeof


percentunimpairedflowsdevelopedabove.However,benefitstospeciesandtheestuaryarealso


expectedatlowerflowsthatexceedexistingflows.Generally,thehighertheflowsupto100percent


ofunimpairedflow(andhigherinthesummerandfall)andthelowertheX2value,thegreaterthe


benefitsarefornativespeciesandtheecosystemprovidedadequatesuppliesaremaintainedfor


coldwaterandflowsatothertimes.ThefollowinganalysisasitisupdatedintheStaffReportwill


helptheStateWaterBoardtoevaluatethebenefitsofdifferentflowlevelssuchthatthesecanbe


consideredwhenevaluatingagainstothereffectsonbeneficialuses.However,theidentifiedspecies


flowlevelsshouldnotbeinterpretedtobetheonlylevelsatwhichbenefitstospeciesorthe


ecosystemoccur.


TheexceedanceplotsinFigures5.3‐2through5.3‐6showthedistributionsofaverageDelta


outflowsovereachofthemulti‐monthperiodsinTable3.13‐2,withdashedhorizontallines


indicatingeachoftheflowsoverthatperiodidentifiedtoachievespeciespopulationlevels


identifiedinChapter3.Theintersectionsofthehorizontallineswiththeexceedancecurves


provideanestimateofhowfrequentlyeachspeciesflowwouldoccurineachflowscenario.The


morefrequentlyaspeciesflowismet,themorefavorableconditionsaretosupportthebeneficial


use.TheresultsofthisanalysisaresummarizedinTable5.3‐3.Asdiscussedabove,cautionshould


beusedininterpretingtheresultsfor35percentand45percentunimpairedflow(UF)scenarios


andunderwetterconditionsforallscenarios.Thefrequenciesshownforsomespeciesflowsare


lowerthancurrentconditions,particularlyforhigherflows.Thisreflectsthefactthatthe35to75


percentUFscenariosrepresentabarerequirement,ratherthanamodeledflowthatconsiders


otherrequirementsandphysicalconstraintsondiversions.Futuremodelinganalysiswillfactorin


theseoperationalconsiderations,andthe35percentand45percentscenariosareexpectedto


resemblecurrentconditionsforthesehigherflows.
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Thefrequencyofmeetingtheflowstosupportestuarinebeneficialusesincreaseswitheachincrease


inpercentofunimpairedinflow(Table5.3‐3).Forexample,flowsthatcorrespondtoanaverageX2


positiondownstreamofPortChicagooccur40percentofthetimeundercurrentconditionsbutare


estimatedtooccur58percentofthetimeat75percentUF(Figure5.3‐2).Also,theprobabilityof


achievingaspeciesflowtargetvariesamongspecies.Targetsrequiringlowerflowaremetmore


frequentlythanthoseneedinghighflow.Forexample,thelowflowtargetof19,000cfsforbay


shrimpismet53percentofthetimeundercurrentconditionsandincreasedto86percentofthe


timeat75percentUF(Figure5.3‐3).Incontrast,thehighflowtargetof47,000cfsforSacramento


splittailismet27percentofthetimeundercurrentconditionsandonlyincreasesto37percentof


thetimeat75percentUF(Table5.3‐2,Figure5.3‐5).Noneofthespecies‐specificflowsismet100


percentofthetime,evenat75percentUF.





Figure 5.3‐2. Frequency of Meeting January–June Delta Outflows to Benefit Estuarine LSZ Habitat
and Longfin Smelt for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta
Outflow Scenarios Corresponding to Sacramento River and Eastside Delta Tributary Inflows from
35 to 75 Percent of Unimpaired Flow
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Figure 5.3‐3. Frequency of Meeting March–May Delta Outflows to Benefit California Bay Shrimp
for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow Scenarios
Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 Percent of
Unimpaired Flow
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Figure 5.3‐4. Frequency of Meeting March–June Delta Outflows to Benefit Starry Flounder for
MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow Scenarios
Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 Percent of
Unimpaired Flow
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Figure 5.3‐5. Frequency of Meeting February–May Delta Outflows to Benefit Sacramento Splittail
for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow Scenarios
Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75 Percent of
Unimpaired Flow
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Figure 5.3‐6. Frequency of Meeting March–July Delta Outflows to Benefit White and Green
Sturgeon for MRDO, Current Conditions as Modeled by SacWAM, and Inflow‐Based Delta Outflow
Scenarios Corresponding to Sacramento River and Eastside Delta Tributary Inflows from 35 to 75
Percent of Unimpaired Flow
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Table 5.3‐3. Summary of Frequency of Meeting Winter‐Spring Delta Outflows to Benefit Estuarine
Habitat and Species. As discussed above, these frequencies would be higher for the unimpaired
scenarios when accounting for unregulated flows, other regulatory flows, etc. Current conditions
reflect MRDO flows plus the other regulated and unregulated flows.

SpeciesorX2Location MRDO Current 35%UF 45%UF 55%UF 65%UF 75%UF


Collinsville 86 100 95 97 99 99 100


ChippsIsland 1 81 73 86 94 96 97


PortChicago9 0 40 15 30 39 52 58


BayShrimpHigh 0 44 28 44 59 72 75


BayShrimpLow 0 53 44 61 73 82 86


GreenandWhiteSturgeon 0 15 1 4 12 16 27


LongfinSmelt 0 28 2 6 17 28 34


LongfinSmeltSpawning 0 27 0 4 11 19 27


SacramentoSplittailHigh 0 27 2 10 15 27 37


SacramentoSplittailLow 0 40 19 35 45 60 68


StarryFlounder 0 45 32 46 60 72 78





Theflowfrequencydistributionssuggestthatpopulationabundanceofnativespecieswillincrease


withincreasingDeltaoutflows.However,thepopulationrecoveryratemayvaryamongspecies


becausetheflowneedsofthedifferentspeciesvarysubstantiallyandthischangesthefrequency


withwhichthespecies‐specificflowsarelikelytobemet.Thepotentialincreaseinpopulation


abundancewasestimatedforseveralspeciesusingtheflow‐abundancerelationshipsinChapter3.


Foreachflowscenarioadistributionofexpectedabundanceindiceswasgeneratedbyapplyingthe


flow‐abundanceregressionformulatothedistributionofmodeledflows.Thepercentincreaseinthe


medianofeachabundanceindexwascalculatedrelativetothemedianabundanceindexforthe


currentconditionsscenario(Table5.3‐4).Thiscalculationismeanttogiveageneralsenseofthe


relativebenefiteachspeciesmayrealizeforagivenflowscenario,andshouldnotbeinterpretedasa


predictionoffuturepopulationabundances.Noattemptwasmadetoquantifythestatistical


uncertaintyinthesevalues.Actualoutcomeswilldependonfutureflows,managementofother


stressors,andfactorssuchasstockrebuildingthatcannotbeaccountedforwithoutlifecyclemodels


andappropriatedatatoparameterizethem.Accordingtothislimitedanalysis,estuarinespecies


wouldbeexpectedtoderivelimitedbenefitsfromthe35percentor45percentunimpaired


scenarios,thoughtherewouldbesubstantialbenefitsrelativetoMRDO.Modestbenefitswouldbe


expectedfromthe55percentscenario,andmoresubstantialbenefitsfrom65percentand75


percentscenarioswhencomparedtocurrentconditions,withmuchlargerbenefitswhencompared


toMRDO.Again,thisanalysisdoesnotconsiderotheruncontrolledandregulatoryflowswhich


wouldsignificantlyincreasetheflowsandassumedbenefitsinsomeyears.




9Whilethe2006Bay‐DeltaPlanandD‐1641includerequirementsforPortChicagodays,becauseofthelimited

amountoftimetheyapplyandtheseveralmonthaveragingdoneforthisanalysis,theydonotappearintheresults.
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Table 5.3‐4. Potential Percent Increase in Median Abundance Indices Relative to SacWAM
Modeled Flows for Existing Regulatory Conditions Assuming No Additional Unregulated or
Regulated Flows

Species 35%UF 45%UF 55%UF 65%UF 75%UF


LongfinSmelt 0 0 22 51 81


StarryFlounder 0 5 16 25 34


SacramentoSplittail 0 0 13 31 48


Inadditiontothebenefitsofadditionalwinterandspringflows,thereisevidencethatyear‐round


Deltaoutflowsareimportanttomaintainthequantityandqualityofestuarinehabitat.Asdiscussed


inChapter3,Baxteretal.(2015)foundaninverserelationshipbetweenthelocationofX2infalland


larvalDeltasmeltabundancethefollowingspring(Figure3.8‐4).Therelationshipwasimprovedby


accountingforadultstock,suggestingthatbothhabitatquantityandqualityandthenumberof


breedingadultswereimportantindeterminingrecruitment(Baxteretal.2015).Assummarizedin


Chapter3,thefindingsfromtheInteragencyEcologicalProgramManagement,Analysis,and


SynthesisTeam(IEPMAST)(Baxteretal.2015)haveconfirmedtheimportanceofthelocationofX2


infallforDeltasmeltlarvalrecruitment.RecentinformationdevelopedbyCDFWandUSFWS


indicatesthatplacingX2downstreamoftheconfluenceoftheSacramentoandSanJoaquinRivers


increasesthesurvivalofjuvenileDeltasmelttothesub‐adultstage(Figure3.8‐3inChapter3).


Finally,DeltainflowfromtheSacramentoRivertributariesandoutflowthroughtheDeltaarethe


primaryfactors(alongwithsomeregulationbysalinitycontrolgates)governingsalinityinSuisun


Marsh.SuisunMarshwetlandsprovidemanyimportantecologicalfunctions,includingwintering


andnestingareaforwaterfowlandwaterbirdsofthePacificFlyway,nurseryhabitatfornativefish,


andessentialhabitatforotherfish,wildlife,andplants(Deltaandlongfinsmeltinparticular).


5.3.4 Conclusion and Proposed Requirements

AvailablescientificinformationsupportstheproposedmodificationstotheexistingDeltaoutflow


requirementstoensurethereasonableprotectionoftheecosystemandfishandwildlifebeneficial


uses,includingthenaturalproductionofviablenativeestuarinespeciespopulationsrearinginand


migratingthroughtheDelta,andtobetterintegrateinflowandoutflowrequirementsina


comprehensiveframeworkforenvironmentalflows.Populationsofseveralestuarine‐dependent


speciesoffishandshrimpvarypositivelywithflowasdoothermeasuresofthehealthofthe


estuarineecosystem.Freshwaterinflowalsohaschemicalandbiologicalconsequencesthroughits


effectsonloadingofnutrientsandorganicmatter,pollutantconcentrations,andresidencetime.In


addition,thereisevidencethatnativespeciesbenefitfromflowsthatplacetheLSZdownstreamof


theconfluenceoftheSacramentoandSanJoaquinRiversduringsummerandfall.


ProposedchangestotheDeltaoutflowrequirementsincludetheadditionofanewnarrative


objectiveandanewnumericobjectiveandmaintenanceofsomeexistingrequirements.TheDelta


outflownarrativeobjectiveisproposedtodescribetheoutflowconditionsthatreasonablyprotect


nativeanadromousandestuarinefishandaquaticspeciespopulations.Specifically,itrequires


maintenanceofDeltaoutflowsufficienttosupportandmaintainthenaturalproductionofviable


nativefishandaquaticspeciespopulationsrearinginormigratingthroughtheBayDelta.
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Theproposednewnarrativeoutflowobjectiveisasfollows:


MaintainDeltaoutflowssufficienttosupportandmaintainthenaturalproductionofviablenative

anadromousfish,estuarinefish,andaquaticspeciespopulationsrearinginormigratingthrough

theBay‐Deltaestuary.Deltaoutflowsthatreasonablycontributestowardmaintainingviable

nativefishandaquaticspeciespopulationsinclude,butmaynotbelimitedto,flowsthatconnect

lowsalinitypelagicwaterstoproductivetidalwetlandsandflowsthatproducesalinity

distributionsthatmorecloselymimicthenaturalhydrographicconditionstowhichthesespecies

areadapted,includingtherelativemagnitude,duration,timing,qualityandspatialextentofflows

astheywouldnaturallyoccur.Indicatorsofviabilityincludepopulationabundance,spatialextent,

distribution,productivityandgeneticandlifehistorydiversity.Viabilityisdependenton

maintainingmigratorypathways,sufficientquantitiesofhighqualityspawningandrearing

habitat,andaproductivefoodweb.


InordertoensurethatminimumquantitiesofDeltaoutflowareprovidedtotheestuaryinall


monthsandallyears,baseDeltaoutflowsfromthecurrentBay‐DeltaPlanwouldbemaintained.


Specifically,theexistingDeltaoutflowrequirementsthatareincludedinTable3oftheBay‐Delta


Planthatrangefrom3,000cfsto8,000cfsbasedonwateryeartypefromJulythroughJanuary


wouldbemaintained.


Inaddition,baseFebruarythroughJuneflowsof7,100cfswouldalsobemaintained(Footnote11to


Bay‐DeltaPlanTable3).UndertheexistingBay‐DeltaPlan,thisrequirementmaybemetby


achievingasalinity(asmeasuredbyelectricalconductivity)levelof2.64millimhospercentimeter,


orX2location,atCollinsville.Themethodsbywhichthisobjectivemaybemetareproposedtobe


reevaluatedintheprogramofimplementationtoensurethatintendedprotectionsareprovided,


whileprovidingflexibilitytoreducewatersupplyimpacts.


TheremainingexistingDeltaoutflowrequirementsincludedinTable4oftheBay‐DeltaPlanthat


requireflowsof11,400cfsand29,200cfs(orequivalentsalinity)foraspecifiednumberofdays


basedontheERIareproposedtobereplacedwithaninflow‐basedDeltaoutflowobjectivethatis


expectedtobetterachievetheproposednewnarrativeDeltaoutflowobjectiveinanintegrated


fashionwiththeproposednewinflowrequirements.Theproposednewinflow‐basedDeltaoutflow


objectivespecifiesthattherequiredinflowsfromtheSacramentoandSanJoaquinRiversandtheir


tributariesandthethreeDeltaeastsidetributariesareprovidedasoutflowswithappropriate


adjustmentsfordepletionsandaccretions,includingadjustmentsforfloodplaininundationflows


andothersideflows.Liketheinflowrequirements,theoutflowrequirementsarenotproposedtobe


lowerthanexistingconditions.


Theproposednewnumericinflow‐basedoutflowobjectiveisasfollows:


Theinflow‐basedDeltaoutflowshallbetheinflowsrequiredbelow[SacramentoRiverandits

tributariesandtheDeltaeastsidetributaries],includingLowerSanJoaquinRiverflows,with

adjustmentsfordownstreamdepletionsandaccretionsasspecifiedintheprogramof

implementation.


Inaddition,thefallDeltaoutflowrequirementsfromtheUSFWSBiOpwouldtobeincorporatedin


theBay‐DeltaPlan.TheserequirementsincludeadditionalDeltaoutflowrequirementsinSeptember


throughDecemberwhentheprecedinghydrologicperiodwasawetorabovenormalyear,


accordingtotheSacramentoValleywateryearhydrologicclassificationasdefinedinFigure2ofthe


Bay‐DeltaPlan.Specifically,inSeptemberandOctoberoforfollowingwetyears,X2wouldbe


requiredtobeatorwestofChippsIslandandinabovenormalwateryears,X2wouldberequiredto


beatorwestofCollinsville.InNovember,inflowswouldberequiredtobebypassedfromSWPand
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CVPreservoirsintheSacramentobasinuptotheX2targets.InDecember,anyincreaseinstoragein


SWPandCVPreservoirsintheSacramentobasinwouldberequiredtobereleasedtoaugment


DecemberbaseDeltaoutflowrequirements.


TogethertheDeltaoutflow,inflow,andotherrequirementsareproposedtoprovidecomprehensive


protectionforfishandwildlifefromnatalstreamsthroughtheDeltaandBayandnearshoreocean


whileprovidingnecessaryflexibilityandadaptivemanagementprovisionstoaddressthe


complexitiesofprovidingDeltaoutflowsfromthewatershedinareasonableandprotectivemanner.


Liketheinflowrequirements,theinflow‐basedDeltaoutflowrequirementswouldallowfor


adaptivemanagementandsculptingofflowsandwouldrequirethedevelopmentofaplanthat


addressesimplementationmeasuresbyDeltausers,includingtheProjects,aswellasmonitoring,


evaluation,andreportingmeasures.Theprogramofimplementationwouldaddressaccounting


measuresfortheexistingandnewrequirements,includingintegrationwithtributaryplans,


accretionsanddepletions,andevaluationoftheexistingandnewmethodsofcompliancewithDelta


outflowstoensuretheyareprotective,includingthecompliancemethodsforthebaseflows


discussedabove.Theprogramofimplementationwouldalsoaddressdevelopmentofbiological


goalsforDeltaoutflows;andprovisionsforcoordinationwithinflowsandbiologicalopinion


requirements.


5.4 Cold Water Habitat Below Reservoirs

5.4.1 Introduction

Anewnarrativecoldwaterhabitatobjectiveisproposedtoensurethatsalmonidshaveaccessto


coldwaterhabitatatcriticaltimesandtoensurethatadequatewaterisavailableforminimum


instreamflowpurposesdownstreamofreservoirs.Coldwaterhabitatconditionsinthetributaries


willdifferandthemechanismsforbestimplementingthenarrativeobjectivewillvaryamongthe


tributaries;thusflexibilityisneededtobestachievetheobjective.Dependingonthespecific


conditionsofatributary,thenarrativemaybeimplementedthroughcoldwaterstorage


requirements,TCDs,flowprovisions,passagetocoldwaterhabitat,orothermeasures.


Salmonidsrequireadequatecoldwaterandflowconditionsthroughtheirspawningandrearing


period.Historicallybeforeconstructionofreservoirsandotherhabitatalterations,salmonids


generallyhadaccesstocoldwaterhabitatinhigheraltitudesyear‐round.Sinceconstructionofdams


andotherhabitatalterations,accessforsalmonidstocoldwaterhabitathasbeeneliminatedor


substantiallyreducedtothedetrimentofsalmonidpopulations.Remainingpopulationsthatwould


otherwisemigratetoupstreamhabitatarenowdependentonmaintenanceofsuitableconditionsin


thedownstreamreachesbelowdams.Duringthesummerandfallwhenairtemperaturesexerta


stronginfluenceonrivertemperatures,thereleaseofcoldwaterfromreservoirsisthuscritically


importantformaintainingsuitablecoldwaterhabitatduringtheseperiods.Consequently,effective


managementofcoldwaterwillcontinuetobeacriticalcomponentoftheconservationandrecovery


strategiesfornativesalmonids,especiallyinviewofthechallengesposedbyincreasingwater


demandsandclimatechange.
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5.4.2 Existing Cold Water Habitat Requirements

ThecurrentBay‐DeltaPlandoesnotincludeanexpressrequirementtoprotectcoldwaterhabitat


downstreamofreservoirs;however,thereareexistingrequirementsandongoingeffortsthathelpto


protectcoldwaterhabitatintheDeltawatershed.FishandGameCodesection5937requiresthat


“[t]heownerofanydamshallallowsufficientwateratalltimestopassthroughafishway,orinthe


absenceofafishway,allowsufficientwatertopassover,around,orthroughthedamtokeepingood


conditionanyfishthatmaybeplantedorexistbelowthedam.”Inaddition,theCentralValleyWater


Board’sBasinPlanincludesgeneralandspecifictemperatureobjectives.Withtheexceptionofthe


specifictemperatureobjectivediscussedbelowfortheSacramentoRiver,itisnotclearwhether


thesegeneralrequirementshavebeenappliedtoanytributariesinthePhaseIIareatodate.


5.4.2.1 Upper Sacramento River

TheSacramentoRiverdownstreamofShastaReservoiriscurrentlytheonlyexistinghabitatfor


endangeredwinter‐runChinooksalmonwhichareentirelydependentonadequatecoldwater


releasesbelowShastaReservoirfortheirpersistence.Spring‐runandfall‐runalsoinhabittheupper


SacramentoRiverandareaffectedbyShastaReservoiroperations.Inparttoprotectthesespecies,


theCentralValleyWaterBoard’sBasinPlanspecifiesthatcontrollablefactorsintheSacramento


RiverfromShastaDamtotheIStreetBridgeshallnotcausetemperaturesto“beelevatedabove


56°FinthereachfromKeswickDamtoHamiltonCitynorabove68°FinthereachfromHamilton


CitytotheIStreetBridgeduringperiodswhentemperatureincreaseswillbedetrimentaltothe


fishery.”Inaddition,toaddresssignificanttemperaturerelatedmortalitytowinter‐runChinook


salmonontheSacramentoRiver,theStateWaterBoardadoptedOrder90‐5in1990.TheOrder


requiredReclamationtoinstallaTCDonShastaReservoirtoprovideforbettertemperaturecontrol


andalsorequiresReclamationtooperateKeswickandShastadamstomeetadailyaverage


temperatureof56°FattheRBDDduringperiodswhenhighertemperatureswillbedetrimentalto


thefishery.TheOrderallowsthetemperaturecompliancepointtobemovedupstreamiffactors


beyondReclamation’sreasonablecontrolpreventmaintenanceof56°FattheRBDD,andupon


submittalofastrategyformeetingthetemperaturerequirementatthenewcompliancepoint.


FactorsbeyondthereasonablecontrolofReclamationarenotspecifiednorareexplicitcarryover


storageandotherrequirementstoensureeffectiveimplementationoftemperaturerequirements.


TheNMFSBiOp(NMFS2009a)alsoincludesrequirementsthatReclamationmanageShasta


reservoirstoragetoreduceadverseeffectsonwinter‐runChinooksalmoneggincubationinsummer


months,andonspring‐runincubationduringfallmonths.ThemanagementofShastaReservoir


duringthesummerandearlyfalltoprotectwinter‐runChinooksalmonisahighprioritybecauseof


theirendangeredstatusandverylimitedrange.However,fall‐runandspring‐runalsorequire


considerationandprotectionfromflowfluctuationsandtemperatureeffects.


TheDSPconductedanIndependentReviewPanel(IRP)toassesstheeffectivenessoftheNMFS


(andUSFWS)BiOpShastaReservoirtemperaturemanagementactions(theseactionsweretaken


incoordinationwiththeStateWaterBoard’simplementationofOrder90‐5)in2013,2014,and


2015.Inparticular,theIRPreviewedtherecommendationbyNMFStousea55°F7DADMwater


temperaturerequirementfortheSacramentoRiverinsteadofthe56°Fdailyaverage


recommendedbyUSEPA(2003)toavoidsub‐lethaleffectsonsalmonidlifehistorystages


(spawning,eggincubation,andfryemergence).The7DADMwasproposedtobetterprotect


againstimpactsfromdiurnaltemperaturechangesanddailymaximumtemperaturesthathave


cumulativeimpactstodevelopingsalmonids.Theseimpactsbecomemoreseverebasedonthe
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durationandseverityofexposure,withlongerexposuresresultinginincreasingimpactson


survivalandfryproduction.Sub‐lethaleffectsfromhighwatertemperaturecanalsoleadto


reducedfryandsmoltsizesfromsub‐optimalgrowththatcanleadtolatermortality.These


temperatureeffectscouldresultinreducedproductivityofastockandreducedpopulationsize


(Andersonetal.2013).


Initsreview,theIRPindicatedthatthereisevidencethatthe7DADMmaybetterprotectsalmon


earlylifestagesfromnegativeeffectsoftemperaturespikesthandoesanaveragedaily


temperaturerequirement,butalsoindicatedthatthequestionofchangingtemperature


compliancepoints(TCP)fromadailyaveragetemperaturetoa7DADMneedstobeevaluatedin


thecontextofhowitaffectsthelocationoftheTCPaswellassurvivalofsalmonidearlylifestages


(Andersonetal.2013).Basedondeficienciesinmonitoringandmodelingtoolsthatarecurrently


availabletoinformmanagersandoperators,theIRPencouragedimprovementsindatacollection


technologyandtemperaturemodelingapproaches,includingdevelopmentofareservoir


stratificationmodel,incorporationofbiologicaldataintoretrospectiveanalysisofmodelingand


waterflows,increasedspatialdistributionoftemperaturemonitoringinthereservoir,and


incorporationoflimnologicalparameters(Andersonetal.2015).TheIRPalsosuggestedthat


insteadofrequiringtemperaturecomplianceatspecificrivermilelocations,duringcriticallydry


conditions,temperaturemanagementactionscouldbebasedonprotectingareasknowntobe


usedforspawningratherthanareasthathavepotentialtosupportspawningbuthaveneverbeen


used(Andersonetal.2015).


Afterveryhightemperature‐relatedmortalityofwinter‐runeggsinthedroughtyearsof2014and


2015,NMFSandtheStateWaterBoardusedthe55°F7DADMalongwithotherrecommendationsof


theIRPin2016(inwhichtherewasamuchgreaterquantityofcoldwater)toreduceuncertaintyin


meetingtemperatureneedsforwinter‐runontheSacramentoRivertoavoidsignificantmortality


forathirdyear,whichwaslargelysuccessful(atleastinpartduetotheadditionalcoldwater


supplies).CurrenteffortsareunderwaybyNMFS10andtheotherfisheriesagencies,Reclamation,


theStateWaterBoard,andwateruserstoimprovetemperaturemodelingandmanagementonthe


SacramentoRiver,includingimplementationofIRPrecommendations.


5.4.2.2 Lower American River

TheStateWaterBoard’sDecision893(D‐893),whichestablishedminimuminstreamflow


requirementsontheAmericanRiverin1958,isoutdatedandnotconsideredsufficientlyprotective


offisheryresourcesinthelowerAmericanRiver(NMFS2014a).Currently,reservoiroperationsare


managedinaccordancewiththeNMFSBiOp(ReasonableandPrudentAlternative[RPA]ActionII.1‐


II.4)whichincorporatestherecommendedactionsofthe2000WaterForumAgreement(American


RiverWaterForum2004),includingnewflowandwatertemperaturerequirements,annual


operationsforecastingandtemperaturemanagementplanning,andevaluationofnewstructural


technologiestoimprovewatertemperaturemanagementcapabilities.11Theproposedalternatives


includereplacementorenhancementofFolsomDam’sexistingTCD,anumberofstructuraland




10NMFSisdevelopingatemperatureforecastinganddecision‐supporttool(RiverAssessmentforForecasting


Temperature[RAFT])thatcouplesaseriesofwatershed,reservoir,andrivertemperaturemodelstomore

effectivelymanagethereservoir’slimitedcoldwaterpoolforwinter‐runprotection(Danneretal.2012;Danner

2015).

11TheWaterForumAgreementhasnotbeenreviewed,approved,orincorporatedintoanywaterrightpermitor

licensebytheStateWaterBoard.




State Water
Resources
Control
Board
 Recommended New and Revised Flow Requirements


Phase
 II
Update
of the
2006 Bay‐
Delta
 Plan

Scientific
Basis Report

5‐37

Final


operationalalternativestoimprovecoldwatertransportthroughLakeNatoma,andaproposedEl


DoradoIrrigationDistrictTCD(NMFS2009a).StudiesconductedbyReclamationhaveevaluated


severalalternativestoimprovetransportofcoldwaterthroughLakeNatoma,includinginstallation


oftemperaturecontrolcurtainsinLakeNatoma,removingsubmergeddebrisinfrontoftheNimbus


Dampowerplantintakes,dredgingtheoldriverchannelinLakeNatoma,andmodifyingFolsom


Dam’spowerplantpeakloadingoperations(Reclamation2007).


MaintainingsuitablewatertemperaturesforalllifehistorystagesofsteelheadintheAmericanRiver


isachronicissuebecauseofoperational(e.g.,meetingDeltawaterqualityandotherdownstream


waterdemands)andstructural(e.g.,limitedreservoirwaterstorageandcoldwaterpool)


limitations(NMFS2009a).Onlyunderwetterhydrologicconditionsisthevolumeofcoldwater


sufficienttomeetthetemperaturerequirementsofover‐summeringsteelheadandfall‐runChinook


salmonspawningandincubationinthefall.Currently,annualoperationstrategiesareformulatedto


managetheavailablecoldwaterpoolinconsiderationofotherwaterdemandsandtradeoffs(NMFS


2009a).BecausetheCVPisoperatedasanintegratedsystem,conflictsintemperaturemanagement


ontheAmericanRiveroftenariseduetootherCVPoperationsforwatersupplyandsalinityand


flowcontrolpurposes,includingconflictsbetweenShastaReservoirandFolsomReservoirstorage


management.


5.4.2.3 Feather River

TheexistinghydroelectricpowerlicenseissuedbyFERCin1957fortheOrovilleFacilities


HydroelectricProject(HydroProject)expiredin2007andDWRiscurrentlyseekinganewlicense.


HydroProjectoperationscontinuetobuildoninterimmeasuresimplementedbyDWRduringthe


relicensingeffort,including:measurescontinuedunderthe1983Agreementconcerningthe


OperationoftheOrovilleDivisionoftheStateWaterProjectforManagementofFishandWildlife


(includingoperationsoftheFeatherRiverFishHatchery);selectmeasuresidentifiedduring


consultationwiththeUSFWS(USFWS2007);andrampingratesfortheLowFlowChannel(LFC)in


the2016NMFSBiOp(NMFS2016).


AspartoftheHydroProjectrelicensingeffortagencieshavedevelopedconditionsforthenewFERC


license.AdditionalrequirementsintheStateWaterBoard’s2010waterqualitycertification(Order


WQ2010‐0016)and2016NMFSBiOpwillbeintegratedintothenewFERClicensefortheHydro


Project.Thewaterqualitycertificationidentifiedinadequateprotectionofdownstreamcoldwater


beneficialuses.DWR’sstudiesshowedthatwatertemperaturesintheLFCandtheHighFlow


Channel(HFC)werecontributingtoadverseconditionsforanadromoussalmonids.Studieshave


shownthatconditionsareinhospitabletospawningandrearingintheFeatherRiverbelowthe


ThermalitoAfterbayOutlet(HFC).Watertemperaturemonitoringin2002and2003showedthat


thetemperatureofwaterreleasedfromThermalitoAfterbaywasasmuchas11.3°Fhigherthanthat


ofincomingwater.DWRconcludedthatincreasedincidenceofdisease,developmental


abnormalities,in‐vivoeggmortality,andtemporarycessationofmigrationcouldoccurdueto


elevatedwatertemperaturesinsomeareasofthelowerFeatherRiver.


In2006DWRsignedaSettlementAgreement,whichcontainsinterimwatertemperaturetargets


andaframeworkfordevelopingfinaltemperaturerequirementsbasedonimplementationoffacility


modificationstoimprovecoldwatermanagementcapabilitiesintheFeatherRiver(DWR2006).The


StateWaterBoard’s2010waterqualitycertificationincludesmorethan20elementsofSettlement


Agreement.The2010waterqualitycertificationstatesthatthewatertemperaturesspecifiedinthe


2006SettlementAgreementarenecessaryfortheprotectionofcoldfreshwater,spawning,and
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migrationbeneficialusesoftheFeatherRiver.AspartoftheSettlementAgreementandunderthe


waterqualitycertification,DWRisrequiredtodevelopaFeasibilityStudyandImplementationPlan


(FSIP)forFacilityModification(s)toimprovetemperatureconditionsforspawning,incubation,


rearing,andholdingofanadromousfishwithin3yearsofFERClicenseissuance.Keydesign


objectivesaretoimproveaccessibilitytothecoldwaterpoolinLakeOroville,minimizeheatgains


fromthedamtotargeteddownstreamlocationsintheFeatherRiver,andreducecoldandwarm


watermixinginThermalitoAfterbay(NMFS2016).TheFSIPwillincludearecommended


alternative,whichmayincludebothstructuralandoperationalmodifications,willbedesignedto


meetspecifictemperatureobjectivesintheLFCandHFCsubjecttomonitoringandevaluationofthe


feasibilityofachievingtheseobjectivesunderseveredryyearhydrologicconditionsasdefinedby


theOrovilleTemperatureManagementIndex(DWR2006).TheFSIPwillincludeaproposed


implementationschedule,fisheriesmonitoringprogram,andadaptivemanagementframework.The


waterqualitycertificationalsoincludestemperaturerequirementsfortheFeatherRiverFish


Hatcherytoaidinmanagingdiseaseoutbreaks.TheStateWaterBoard’swaterqualitycertification


includesinterimandfinaldeadlinesforcompletingtheFSIPandanyrequiredfacilitymodifications


tomeetinterimandfinaltemperaturerequirementsintheLFC,HFC,andFeatherRiverFish


Hatchery.


5.4.2.4 Lower Yuba River

ThelowerYubaRiverisdefinedasthe24‐milesectionoftheriverbetweenEnglebrightDamand


theconfluencewiththeFeatherRiversouthofMarysville.StateWaterBoardDecision1644(D‐


1644),adoptedin2003,containsrevisedinstreamflowrequirements,flowfluctuation(ramping)


requirements,andspecificactionstoprovidesuitablewatertemperaturesandotherprotective


measures(fishscreensatwaterdiversionfacilities)foralllifestagesofChinooksalmonand


steelheadinthelowerYubaRiver.D‐1644concludedthatcompliancewithCDFW‐andNMFS‐


recommendedwatertemperatureobjectivesforthelowerYubaRiverwasnotfeasiblepriortothe


constructionandoperationoftheYubaRiverDevelopmentProject’s(YRDP’s)NewBullardsBar


Reservoir.TheStateWaterBoardretainedcontinuingauthoritytoestablishwatertemperature


requirementsforthelowerYubaRiver,andrequiredYubaCountyWaterAgency(YCWA)tomake


reasonableeffortstooperatetheYRDPtomaintainsuitablewatertemperaturesinthelowerYuba


Riverforfall‐,late‐fall‐,andspring‐runChinooksalmonandsteelhead.


TheLowerYubaAccord,approvedbytheStateofCaliforniain2008,isamulti‐stakeholder


partnershipthatwasformedtoresolveinstreamflowissuesassociatedwithoperationoftheYRDP,


andestablishacollaborativeprocesstoprotectandenhancelowerYubaRiverfisherieswhile


ensuringthereliabilityofwaterforhydropower,irrigation,floodcontrol,andrecreation.Water


RightOrder2008‐0014amendedYWCA’swaterrightpermitstoincludetheflowschedulesand


otherspecifiedtermsandconditionsoftheLowerYubaAccord’sFisheriesAgreement.These


includeprovisionsforregularplanningandcoordinationbytheRiverManagementTeam(RMT)to


implementflowandwatertemperaturemanagementactions,includingplannedoperationofthe


upperandloweroutletsatNewBullardsReservoirandanyTCDsthatmightbebuiltatEnglebright


Dam.WaterRightOrder2008‐0014includesprovisionsforreviewandapprovalofrecommended


RMTactionsbythefisheriesagenciesandStateWaterBoard.AsnotedintheOrder,water


temperaturedatafromthelowerYubaRiverindicatethatoperationsundertheYubaAccordflows


donotmeetCDFW’sandNMFS’smaximumwatertemperaturerequirementsforanadromousfishin


themonthsofMaythroughSeptember,eveninwetyears.Inaddition,wetyearYubaAccordflows


didnotmeettheindextemperatureof60°FinAugustandSeptember.
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5.4.2.5 Mokelumne River

EBMUD’sfacilitiesontheMokelumneRiverincludetworeservoirs,PardeeandCamanche,aswell


astheMokelumneAqueductswhichconveyswaterfromPardeeReservoirtotheEastBay,and


hydroelectricgenerationfacilitiesatthebaseofPardeeandCamancheDams.In1998,EBMUD,


USFWS,andCDFWenteredintoaJointSettlementAgreement(JSA)whichspecifiesminimumflow


releasesfromCamancheDam,rampingratesandreservoircoldwaterpoolgoals.TheJSAallows


formodificationofreleasesaslongasthetotalvolumereleasedduringtheyearwouldnotbeless


thanthatspecifiedintheJSAforthewateryeartype.TheJSA’sflowreleaserequirementsare


includedinD‐1641andthe1998amendedFERClicenseforthefacilities.


AspartoftheJSA,aLowerMokelumneRiverPartnershipwasestablishedbyEBMUD,USFWS,and


CDFWin1998tosupportfisheryandecosystemprotectioninthelowerMokelumneRiver,


encouragestakeholderparticipation,andintegrateMokelumneRiverstrategieswithother


programs(EBMUDetal.2008).ThePartnershipSteeringCommitteeisguidedbyacoordination


committeethatincludesbiologistsandothertechnicalstafffromCDFW,EBMUD,USFWS,and


NMFS.Thecoordinationcommitteemeetseachyeartoreviewfisheriesandwaterquality


monitoringdata,evaluateprojectedwateryeartypeconditionsandoperationsplans,make


recommendationsforexpenditureofthePartnershipFund,anddevelopproposedadaptive


managementactionstooptimizehabitatconditionsinthelowerMokelumneRiver(EBMUDetal.


2008).Inadditiontotheseflowprovisions,theJSAincludesanumberofnon‐flowmeasures,


includingcoldwaterpoolmanagementtoprovidesuitablewatertemperaturesforallsalmonid


andnativefishlifestages.ThisinvolvesintegratedoperationofCamancheandPardeeReservoirs


andwatertemperaturemonitoring,modeling,andforecastingtoensuresufficientstorageofcold


waterduringthewinterandspringtopreventearlyturnover(destratification)ofCamanche


Reservoir,andtoprovidesufficientcoldwaterforreleasesinthelowerMokelumneRiverthrough


earlyNovember(EBMUD2013).


5.4.2.6 Putah Creek

In2000,thePutahCreekCouncil,CityofDavis,andUCDavissignedasettlementagreement(Putah


CreekAccord)withtheSolanoCountyWaterAgency,SolanoIrrigationDistrict,andotherSolano


waterintereststoestablishpermanentflowsinthe23milesofPutahCreekbelowLakeSolano


(formedbyPutahDiversionDam,theupstreamlimitoffishmigration)andinitiateaprogramto


optimizebenefitsforfish,wildlife,andotherresourcesinamannercompatiblewithhumanwater


andlandusesinthelowerPutahCreekwatershed(EDAW2005).UndertheAccord,current


instreamflowsandwaterreleasesfromLakeBerryessa(MonticelloDam)aremanagedtoprovidea


morenaturalflowregimetosupportnativeresidentandanadromousfishes,including:(1)baseline


flowstomaintaincoolwaterhabitatfornativefishesintheupperreachesofthecreek;(2)apulse


flowinFebruary‐Marchtoprovide migration and spawningopportunitiesfornativefishesinyears


whensuchflowsdonotoccurnaturally;(3)supplementalflowstoattractadultfall‐runchinook


salmonintoPutahCreekinthefall,andprovideminimumflowsforjuvenilerearingandemigration


inthespring;and(4)provisionstomeetminimumflowrequirementsoffishduringseveredroughts


(EDAW2005).


Watertemperaturemonitoringandmodelinghasrevealedthatcoldwaterdischargedfromthe


bottomofLakeBerryessaintolowerPutahCreekflowsrapidlydownstreamtoLakeSolanowith


minimalheating,maintainingcoldwaterhabitatandahigh‐qualityresidenttroutfisheryfrom


MonticelloDamto1to2milesbelowPutahDiversionDam(EDAW2005).Amongthefactorsthat
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continuetolimitnativefishpopulations,includingsalmonandsteelhead,isthelackofaccesstocold


waterhabitatabovePutahDiversionDamandMonticelloDamsandlimitedcoldwaterhabitat


belowPutahDiversionDam(EDAW2005;NMFS2014b).Recommendedactionsforimprovements


inwatertemperaturesandoverallhabitatqualityfornativefishesinPutahCreekinclude


restorationofriparianandshadedriverineaquaticcover,spawninggravelaugmentation,andfish


passageimprovements(EDAW2005).


5.4.2.7 Calaveras River

LittleinformationisavailableoncoldwaterhabitatmanagementintheCalaverasRiverbelowNew


HoganDam.AChinooksalmonandsteelheadlimitingfactorsanalysisconcludedthattheCalaveras


RiverisuniqueamongCentralValleytributariesbecauseofhighsummerflows,cooltemperatures,


abundanceofhighqualityjuvenilerearinghabitat,andpresenceofdeeppoolsthatprovide


potentiallyexcellentconditionsforresidentrainbowtrout,steelhead,andspring‐andfall‐run


ChinooksalmonaboveBellotaWeir(StillwaterSciences2004).RegulationofthelowerCalaveras


RiverbyNewHoganDammayhaveincreasedtheconsistencyofsuitableconditionsforsteelhead


andChinooksalmonspawningandrearing.However,amajorlimitingfactorforanadromousfish


populationsarefishpassageproblemsassociatedwithmunicipalandagriculturaldiversionsfrom


BellotaWeirdownstreamtotheSanJoaquinRiverconfluence(StillwaterSciences2004).


Recommendationsforfuturestudiesincludethedevelopmentofaspatiallyexplicitflow‐dependent


modelofstreamtemperaturesbelowNewHoganDamtohelpidentifystreamreacheswherewater


temperaturesreachlevelspotentiallystressfulorlethaltosalmonids,andhelpfacilitateanadaptive


managementapproachtomanagingstreamtemperaturesinthefuture(StillwaterSciences2004).


5.4.2.8 Hydropower Facilities

Inadditiontotheabove,thereareanumberofsmallerhydroelectricprojectswithintheBay‐


DeltawatershedthatarelicensedbyFERCforbetween30and50years.Licensesissuedby


FERCaresubjecttosection401ofthe1972CleanWaterAct.Section401requiresthatany


personapplyingforafederalpermitorlicense,whichmayresultinadischargeofpollutantsinto


watersoftheUnitedStates,mustobtainastatewaterqualitycertificationthattheactivity


complieswithallapplicablewaterqualitystandards,limitations,andrestrictions.Theseinclude


beneficialuses,definedastheusesofwaternecessaryforthesurvivalorwellbeingofman,plants,


andwildlife.Examplesincludeagriculturalsupply,watercontactrecreation,andcoldfreshwater


habitat.


WaterqualitycertificationsissuedbytheStateWaterBoardfornewandrenewedFERClicenses


containvarioustermsandconditionsforthefacilitiestomeetwaterqualitystandardsinapplicable


StateWaterBoardandRegionalWaterQualityControlBoardBasinPlans.Biological,scientific,and


legalconditionshavechangedsinceoriginallicenseswereissued.Recentwaterqualitycertifications


haveincludedtermsandconditionssuchaswatertemperaturerequirements,rampingcriteria,


developmentofplansformanagingthecoldwaterpoolinthereservoirtominimizeexceedancesof


downstreamtemperaturerequirements,anddevelopmentofplansforfacilitymodificationsif


facilitiescannotmeetspecifiedwatertemperaturerequirements.However,olderFERClicensesmay


lackanymeasuresfortheprotectionofcoldwaterspecies.
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5.4.3 Discussion

MaintainingsuitablecoldwaterhabitatinDeltatributariesrequirescarefulplanningbecauseofthe


needtoconsidermultiplefactors,suchascurrentyearbiologicalflowneedsinthetributariesandin


theDelta,biologicalflowneedsforthenextyear,waterdeliveries,forecastedhydrology,reservoir


storagelimitations,andavailablecoldwaterpool(NMFS2009a).Chapter3describesthethermal


requirementsforeachlifestageofChinooksalmonanddetailsdamandreservoireffectson


salmonids.


Adequatecoldwaterstorageisaprimaryfactorlimitingtheabilityofreservoirstomeetwater


temperaturerequirementsforspawningandrearing,especiallyduringdroughtsandcritically


dryperiods.Temperaturecontrolmanagementbelowreservoirsisdependentonambientair


temperatures,reservoirstoragelevels,reservoirreleasesandtheoperationofTCDsthatmaybe


present.Generally,higherreservoirlevelshelptomaintainstratificationofreservoirslongerandthe


volumeofcoldwaterinthereservoirthatisavailableforusethroughthesummerandfall.Forthe


protectionofsalmonids,reservoirreleasesmustbemanagedtoprovideminimumflowswhileatthe


sametimepreservingsuppliesforsustainedcoldwatermanagementthroughthecriticalseason.


Flowsmustalsobemanagedtoavoidfluctuationsthatcausestrandinganddewatering.In


reservoirswhereTCDsarepresent,theyassistwithtemperaturemanagementbyprovidingaccess


tocoldwaterdeepwithinthereservoirandanabilitytoselectivelywithdrawwaterfromvarying


depthstomanagetheavailablevolumeofcoldwatertomeetdownstreamwatertemperatureneeds.


Annualtemperaturemanagementplansthatareadjustedthroughouttheseasonbasedonregular


monitoringandevaluationoffishdistributionandtiming,reservoirinflows,storage,andthermal


dynamics,andmeteorologicalconditionsarealsoimportantcomponentsoftemperature


management.


Asdiscussedabove,somereservoirscurrentlyincludecoldwatermanagementrequirements.


However,comprehensiverequirementsdonotexistforallregulatedtributariesorforunregulated


tributaries,andtheBay‐DeltaPlandoesnotincludeanysuchrequirements.Requirementsare


neededtoensurethatflowsandstoragelevelsaremaintainedtoprovideforcoldwaterhabitat,


particularlywithnewflowrequirementsandotherdemandsforwaterandclimatechangethatmay


placegreaterdemandsonavailablesupplies.Thecurrentcoldwaterhabitatandmanagementwill


needtobefurtherevaluatedinthecontextofanupdatedBay‐DeltaPlanandnewflowrequirements


toensuretheprotectionofsalmonidsintheSacramentoRiverandmajortributariesofthe


SacramentoRiverandDelta.


Therehasalsobeenincreasingrecognitionoftheneedforimprovementsindatacollectionand


modelingtobetterunderstandthephysicalprocessesaffectingthethermaldynamicsoflarge


reservoirs,anddeterminethemosteffectivestrategies(includingbothoperationalandfacility


modifications)formeetingthedownstreamtemperaturerequirementsofanadromoussalmonids


(Andersonetal.2015).Totheextentpossible,coldwatermanagementplanningeffortsand


decision‐makingshouldbebasedontheapplicationoflinkedphysicalmodelsthatpropagatethe


thermaleffectsofproposedactionsthroughthewatershed,reservoir,andriversystem(Cloernetal.


2011).Thesemodelsystemsalsoprovideameansofevaluatingthepotentialrolesofotherhabitat


restorationmeasures(e.g.,riparianhabitatrestoration,gravelreplenishment,channeland


floodplainrehabilitation)inenhancingcoldwaterhabitatbyreducingheatinputsfromother


sources(e.g.,tributarystreams)orincreasingsurface‐groundwaterinteractions(Tompkinsand


Kondolf2007b).Coldwatermanagementeffortswillalsobenefitfromimproveddatacollectionand


modelingeffortsthatprovidemoreaccuratepredictionsofthespatialandtemporaldistributionof
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sensitivelifestages(Andersonetal.2011)andtakeintoaccounttheeffectsofotherenvironmental


variables(e.g.,intergraveloxygen)onthermalstressandtolerancesoftheselifestages(e.g.,Martin


etal.2016).


Analternativestrategyforaddressingincreasingriskstocoldwaterhabitatprotectionfor


anadromoussalmomidsisthere‐introductionofpopulationstohistoricalhabitatabovetheexisting


dams,orinthecaseofwinter‐runChinooksalmon,intoothertributarieswherecoldwater


managementislesschallengingthanonthemainstemSacramentoRiver.Suchprojectspresent


uniquetechnological,regulatory,andlogisticalchallengesandrequireextensivepre‐project


feasibilitystudiestoevaluatethepotentialforsuccessfulre‐introductionsofsalmonandsteelhead


abovethedams(NMFS2014a)orotherstreams.AmodelforsuchaneffortistheShastaDamFish


PassageEvaluationPilotImplementationPlan(Reclamation2015)whichevaluatesthefeasibilityof


reintroducingendangeredwinter‐runChinooksalmonaboveShastaLake.Thisplanincludesan


examinationofthebenefits,risks,andconstraintsofalong‐termre‐introductionprogram;potential


fishpassagetechnologiesthatwillbeevaluatedaspartofapilotplan(e.g.,adultandjuvenile


collectionandtransportoptions);andproposedpilotstudiestoaddresskeyuncertainties


associatedwithre‐introduction.


5.4.4 Conclusion and Proposed Requirements

Scientificinformationsupportstheproposednarrativerequirementtoprovidereasonable


protectionofcoldwaterhabitatbelowreservoirs.Effectivemanagementofcoldwatersuppliesor


alternativemeasureswillcontinuetobeacriticalcomponentoftheconservationandrecovery


strategiesfornativesalmonidsintheBay‐Deltawatershed.Withthedemandsofnewinflowand


outflowrequirementsandongoingconcernsaboutprotectionofcoldwaterforsalmonids,itis


importantthatrequirementsprotectingcoldwaterhabitatandstoragebedevelopedtoassure


protectionoffisheriesresourcesinthetributariesoftheDelta,particularlygivenexistingandfuture


climatechange.


Theproposednarrativeobjectiveisasfollows:


MaintainstreamflowsandreservoirstorageconditionsontheSacramentoRiverandits

tributariesandDeltaeastsidetributariestoprotectcoldwaterhabitatforsensitivenativefish

species,includingChinooksalmon,steelhead,andsturgeon.Coldwaterhabitatconditionstobe

protectedincludemaintainingsufficientquantitiesofhabitatwithsuitabletemperatureson

streamstosupportpassage,holding,spawning,incubation,andrearingwhilepreventingstranding

anddewateringduetoflowfluctuations.


Theprogramofimplementationwouldprovidethatthenarrativebeimplementedonatributary


basisthroughthetributaryplansdiscussedintheinflowsectionandwouldtakeintoconsideration


theuniquestructural,operational,andhydrologicalcharacteristicsofthemanytributariesinthe


projectarea.Theneedtoreservecoldwaterpoolcouldjustifyenvironmentalflowsmovinglowerin


therangeofinflowrequirementsatcertaintimes.Tributary‐specificplansshouldusedatacollection


andmodelingtoolsforeffectivecoldwatermanagement,andcouldcontemplatealternative


strategiestocoldwatermanagement.Althoughapproachesmaydifferamongtributaries,the


effectivenessofcoldwatermanagementwillrequireongoingcoordination,collaboration,and


technicalreviewamongwatermanagers,stakeholders,andtechnicalexpertstofacilitatebothshort‐


termandlong‐termplanninganddecision‐makingefforts.Inaddition,becauseofuncertainties


associatedwithclimatechangeandincreasingdemandsforwater,anintegrated,flexible,and
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adaptivemanagementapproachwillbenecessarytocopewiththeincreasingriskstocoldwater


habitatandspeciesprotectioninthefuture.


5.5 Interior Delta Flows

5.5.1 Introduction

NewandmodifiedinteriorDeltaflowrequirementsareproposedtoprotectnativemigratoryand


estuarinespeciesfromentrainmenteffectsinthesouthernDeltaassociatedwithCVPandSWP


diversionactivitiesincludingnewnarrativerequirementsandnumericrequirementsforDCCgate


closures,OMRreservesflowlimitsandexportconstraintsasafunctionofSanJoaquinRiverflows


consistentwithexistingBiOpandITPrequirementsinanadaptivemanagementframework


informedbymonitoringandresearchefforts.


5.5.2 Discussion

Flowmanagement,includingtheoperationoftheProjectsintheDelta,affectssalmonids,pelagic


fishesandotherspeciesthroughalterationofcirculationpatternswhichleadstoadversetransport


flows,changesinwaterquality,changestoDeltahabitat,andentrainmentoffishandotheraquatic


organisms.Thepreferredflowpatternforfishandwildlifeisonethatproducesanaturaleastto


westflowandsalinitygradient(Moyleetal.2010).Thispatternhasbeenalteredduetooperationof


theDCCandoperationsoftheSWPandCVPdiversionfacilities(aswellasotherdiversions).


TheDCCisopenedtobringSacramentoRiverfreshwaterdirectlyintotheinteriorDeltatosupport


CVPandSWPdiversionsandtomeetinteriorDeltawaterqualityrequirements.TheDCCpreserves


thequalityofwaterdivertedfromtheSacramentoRiverbyconveyingittosouthernDeltapumping


plantsthrougheasternDeltachannelsratherthanallowingittoflowthroughmoresalinewestern


Deltachannels.Withacapacityof3,500cfs,theDCCcandivertasignificantportionofthe


SacramentoRiverflowsintotheeasternDelta,particularlyinthefall.Juvenilesalmondrawninto


thecentralDeltathroughtheDCCorGeorgianaSloughhavealowerchanceofsurvivalthanfish


stayingintheSacramentoRiver’smainstem.


LocationsneartheCVPandSWPexportpumps,includingpartsofOldRiverandMiddleRiverinthe


southDelta,experiencenet“reverse”flowswhenexportpumpingbytheProjectsexceedsthese


channels’downstreamflows.Theaverageflowinthesechannelsactuallyrunsbackwardattimes,


whichaffectstheDelta’saquaticecosystemsbothdirectlyandindirectly.Reverseflowsinthe


southernDeltaareassociatedwithincreasedentrainmentofnumerousfishspecies(Grimaldoetal.


2009a)anddisruptionofmigrationcuesformigratoryfish.Reverseflows,incombinationwith


hydrologicalterationsfromupstreamreservoiroperations,theconstraintsofartificiallyconnected


Deltachannels,andwaterexports,affectDeltahabitatlargelythrougheffectsonwaterresidence


time,watertemperature,andthetransportofsediment,nutrients,organicmatter,andsalinity


(Monsenetal.2007).Thesereverseflows,inturn,affectthebehaviorofmigratingfish,andhabitat


suitabilityforresidentandmigratoryfishandotherspecies.
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5.5.3 Delta Cross Channel Gate Closure

TheexistingBay‐DeltaPlanincludesDCCgateclosurerequirementsthathelptominimizeriskof


entrainmentofjuvenileSacramentoRiversalmonidsattheexportpumpsbypreventingtheir


migrationintothecentralDelta.TheBay‐DeltaPlancurrentlyrequirestheDCCgatestobeclosedfor


atotalofupto45daysfortheNovemberthroughJanuaryperiod,fromFebruarythroughMay20,


andforatotalof14daysfortheMay21throughJune15periodtopreventjuvenileSacramento


RiversalmonfrommigratingintothecentralDelta.DuringtheNovember–JanuaryandMay21–June


15periods,thetiminganddurationofgateclosureisbasedontheneedtoprotectfish.Reclamation


isrequiredtodeterminethetiminganddurationofgateclosuresafterconsultationwiththe


fisheriesagencies.


AsdescribedinChapter3,whentheDCCgatesareopen,theprobabilityofentrainingemigrating


SacramentoRiverjuvenilesalmonandsteelheadintotheCentralDeltaisincreased.Thesurvivalof


juvenilesalmonmigratingthroughtheCentralDeltatoChippsIslandisabouthalfthesurvivalrate


offishremainingintheSacramentoRiver(KjelsonandBrandes1989;BrandesandMcLain2001).


ClosingtheDCCgatesreducesthenumberofsalmonidsdivertedintotheCentralDeltaand


improvessurvivaltoChippsIsland.Closurealsoredirectsaportionofemigratingjuvenilesalmon


intoSutterandSteamboatSloughsandreducesentrainmentatGeorgianaSlough(Perry2010;Perry


etal.2013).


AsdescribedinChapter3,recentliteratureindicatesthattheDCCgateclosureperiodshould


includethemonthofOctober.The2009NMFSBiOpincludesaDCCgateclosurerequirementforthe


intervalofOctober1throughNovember30toreducelossofSacramentoRiversalmonidsinto


GeorgianaSloughandtheinteriorDeltathatisbasedonearlyentryofjuvenilesalmonidsintothe


Delta.OntheMokelumneRiver,adultfall‐runsalmonreturntospawninOctober.Recentstudies


haveshownthatpulseflowsfromtheMokelumneRiverincombinationwithclosureoftheDCC


gatesinOctoberincreasesthenumberofreturningChinooksalmontotheMokelumneRiverand


reducesstrayingtotheAmericanRiver(EBMUD2013;CDFG2012).CDFG(2012)hasrecommended


thattheDCCgatesbeclosedforupto14daysinOctoberincombinationwithexperimentalpulse


flowsfromtheMokelumneRivertoincreasesalmonidreturnsandreducestraying.


DiurnaloperationsoftheDCCgateshavealsobeenproposedtominimizethewaterqualityimpacts


ofgateclosures.However,Reclamationhasindicatedthatitisnotclearwhetherwaterquality


benefitscanbeachievedthroughdiurnaloperationsanditisnotclearwhetherthegatescanbe


openedandclosedrepeatedlyfordiurnaloperationsduetotheirage,condition,anddesign.The


DSP’sLong‐TermOperationsBiologicalOpinionsReviewReport(December2014)indicatedthat


potentialimprovementsintheoperationaleffectivenessoftheDCCgatesshouldbeexamined,


includingopeningthegatesonebbtidesduringthedayandclosingatothertimes.


TheinformationaboveandinChapter3supportstheadditionofthemonthofOctobertotheBay‐


DeltaPlan’sexistingsuiteofDCCgateclosurerequirements.Specifically,additionalpotentialclosure


daysareproposedduringOctoberbasedonfishpresenceandincoordinationwiththefisheries


agencies.AdaptivemanagementprovisionsarealsoproposedforDCCgateclosurerequirementsto


considerdiurnaloperationsandotherrealtimemeasurestoimprovetheefficiencyand


effectivenessofDCCgateclosures.
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5.5.4 Old and Middle River Reverse Flow Limits

SWPandCVPexportshavebeenidentifiedasacontributingfactorinthedeclineofDeltasmeltand


otherpelagicspecies(Chapter3).DiversionsinthesouthernDelta,particularlythelargeSWPand


CVPexportfacilities,cancausethenetflowinnearbyreachesofOldandMiddleRiverstoreverse


fromthenaturalnorthwarddirectionandflowsouthtowardstheSWPandCVPpumps.These


reverseflowscandrawfish,especiallythesmallerlarvalandjuvenileformsofpelagicspecies,into


theSWPandCVPexportfacilitieswheretheycanexperiencesignificantmortality.


NetOMRreverseflowrestrictionsareincludedintheUSFWS2008BiOp(Actions1through3),the


NMFSBiOp(ActionIV.2.3),andtheCDFWITP(Conditions5.1and5.2)fortheprotectionofDelta


smelt,salmonids,andlongfinsmelt,respectively.(NMFS2009ap.648;USFWS2008;CDFG2009b.)


Thesereverseflowlimitationsvarybetween‐1,250cfsand‐5,000cfsbasedontriggersrelatedto


entrainmentriskofsmeltandsalmonids.


OMRreverseflowsareharmfultofishandwildlifethroughouttheyear,butespeciallyinwinterand


springwhenlarvalandjuvenileestuarinespeciesmaybepresentneartheexportfacilitiesand


juvenileanadromousChinooksalmon,steelhead,andgreensturgeonaremigratingthroughthe


Deltatotheocean.ThemagnitudeandfrequencyofOMRreverseflowshasincreasedovertimeas


CVPandSWPexportsandotherdiversionshaveincreased.Figure2.4‐5showsthatunder


conditionswithtoday’schannelconfigurationsbutnowatersupplydevelopment(1925–2000


unimpairedflow),negativeOMRflowwouldbeestimatedtooccurabout15percentofthetime.In


contrast,between1986and2005,OMRreverseflowshaveincreasedinfrequencytomorethan90


percentofthetime.


AsdescribedinChapter3,highnetOMRreverseflowshavenegativeecologicalconsequences.First,


netreverseflowdrawsfish,especiallythesmallerlarvalandjuvenileforms,intotheexportfacilities


wheretheycanexperiencehighmortality(NMFS2009a;Bennett2005).Second,netOMRreverse


flowreducesthesizeofthespawningandrearinghabitatavailableforfishintheDelta.Third,net


OMRreverseflowleadstoaconfusingenvironmentforjuvenilesalmonemigratingfromtheSan


JoaquinRiverbasin.Through‐DeltaexportsreducesalinityinthecentralandsouthernDeltaand,as


aresult,juvenilesalmonmigratefromhighersalinityintheSanJoaquinRivertolowersalinityinthe


southernDelta,contrarytothenaturalhistoricalconditionsandtheirinheritedmigratorycues.


Finally,netOMRreverseflowreducesthenaturalvariabilityintheDeltabyhomogenizingthe


systemsimilartothewaterqualityintheSacramentoRiver(Moyleetal.2010).


OMRreverseflowswithinaspecifiedrangewouldhelptoreducetheriskofsalvageand


entrainment.Chapter3indicatesthatsalvageexportpatternsappeartobeconsistentwithknown


migrationhabits;andthattheriskofsalvageandentrainmentoffishdependsonthelocationof


juvenileandadultindividualsrelativetotheexportfacilitiesandthemagnitudeofOMRreverse


flows.ThefollowingsummarizestimeperiodsandOMRreverseflowsassociatedwithincreasedrisk


ofentrainment.


 BetweenDecemberandApril,astepincreaseinjuvenilesalmonidentrainmentisestimatedto


occurwhenOMRreverseflowsbecomemorenegativethan‐2,500cfs.Anotherlargerstep


increaseinentrainmentoccurswhenOMRreverseflowsbecomemorenegativethan‐5,000cfs.


 DeltasmeltspawningandrearingintheDeltaoccurbetweenDecemberandJune.Higheradult


salvageratesstatisticallybegintohappenatOMRreverseflowsmorenegativethan‐5,000cfs.


LoweradultsalvageratesoccuratOMRreverseflowslessnegativethan‐1,250cfs.
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 BetweenDecemberandMarch,increasedadultlongfinsmeltsalvagebeginstooccuratOMR


reverseflowsmorenegativethan‐5,000cfs.BetweenAprilandJune,thelowestjuvenilesalvage


ratesoccuratOMRreverseflowslessnegativethan‐1,250cfs.


 Greenandwhitesturgeonarevulnerabletoentrainmentfromexportsyear‐round.


 TheriskofSacramentosplittailentrainmentappearsgreatestinspring(adultupstream


spawningmigration)andearlysummer(juvenileemigration).


Basedontheabove,newOMRreverseflowrequirementsfromDecemberthroughJuneare


recommendedconsistentwiththeBiOpsandITPprovisionsdiscussedabove.Therequirement


wouldbemanagedbasedonthepresenceofDeltasmelt,longfinsmelt,andsalmonidsinanadaptive


managementframeworkinformedbyreal‐timemonitoringoffishspeciesabundanceand


distribution,andinconsultationwiththefisheriesagencies.


5.5.5 Export Limits

TheexistingexportlimitscontainedintheBay‐DeltaPlanareintendedtoprotectfishandwildlife


beneficialuses,includingthehabitatofestuarine‐dependentspecies,inpartbyreducingthe


entrainmentofvariouslifestagesbytheProjects’exportpumpsinthesouthernDelta.Inadditionto


reducingentrainment,theexistingexportlimitsareintendedtoprovidegeneralprotectionofthe


Deltaecosystemandavarietyoffishandwildlifebeneficialusesbylimitingtheportionof


freshwaterthatmaybedivertedbytheSWPandCVPexportfacilities.Additionalecosystembenefits


beyondreducedentrainmentmayincludereductioninlossesofnutrientsandothermaterials


importantforthebaseofthefoodweb,foodorganisms,habitatsuitability,andmorenaturalflow


andsalinitypatterns.


TheBay‐DeltaPlanlimitsexportsintwoways.Oneisbasedonthecombinedamountofwaterthat


maybeexportedfromtheDeltabytheSWPandCVPfacilitiesinthesouthernDeltarelativetototal


Deltainflow.Thelimitis35to45percentofDeltainflowforFebruary(dependingontotalinflow


conditionsduringJanuary),35percentfromMarchthroughJune,and65percentofDeltainflow


fromJulythroughJanuary.


ThesecondisbasedtheratioofSanJoaquinRiverflowatVernalistothecombinedamountofwater


exported.Limitsof1,500cfsoraratioofSanJoaquinRiverflowtoexportsof1:1applyfromApril


15throughMay15(SanJoaquinRiverspringpulseflowperiodinthecurrentBay‐DeltaPlan).These


constraintswouldbemaintained.Inaddition,additionalprovisionsareproposedtoprotectSan


JoaquinRiverflowsprovidedforfishandwildlifepurposesfromexport.Thisisproposedtobe


accomplishedinpartthroughtheDeltaoutflowrequirementsdiscussedabove,whichrequirethat


requiredinflowsbeprovidedasoutflow.Inaddition,itisproposedthattheexistingNMFSBiOpSan


JoaquinRiverflowtoexportconstraintsbeincludedintheBay‐DeltaPlan.


DuringtheApriltoMaypeakoutmigrationperiodforSanJoaquinbasinsteelhead,theNMFSBiOp


(NMFS2009a)restrictstheratioofSanJoaquininflow(atVernalis)tosouthDeltaexports(I:E)to


between1:1and4:1basedonwateryeartypeor1,500cfs,whicheverisgreater.WhenVernalis


flowsexceed21,750cfs,exportratesarenotrestricted.Theseconstraintswouldbeaddedtothe


Bay‐DeltaPlanalongwithadaptivemanagementprovisionsthatwouldallowfortheexporttime


periodtobeshiftedbasedonmonitoringoffishpresence.JuvenilesalmonidsmigrateoutoftheSan


JoaquinRiverbasinduringFebruarythroughJune(StateWaterBoard2012),andmayneed


protectionfromexport‐relatedmortalityatanytimeduringthisperiodtominimizemortalityand
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preservelifehistorydiversity.Assuch,thetimeperiodfortheSanJoaquinRiverflowtoexportrate


couldbeshiftedduringtheFebruarythroughJunetimeperiodbasedonfishpresenceandin


coordinationwiththefisheryagencieswithintherangeof1:1to4:1SanJoaquinRiverflowsto


exports(consistentwiththeNMFSBiOp).Therangerecommendedforconsiderationisillustratedin


Figure5.5‐1.





Figure 5.5‐1. Range for Combined CVP and SWP South Delta Exports as a Function of Delta Inflow
from the San Joaquin River at Vernalis (shaded area). The black, red, yellow, and blue lines
represent the existing NMFS BiOp export constraints for critical, dry, below normal, and
wet/above normal years, respectively. The grey shaded area represents the range of export
constraints recommended for consideration.




5.5.6 Conclusion

NewandmodifiednarrativeandnumericinteriorDeltaflowrequirementsareproposedtoprotect


residentandmigratoryspeciesfromentrainmentandrelatedeffects.Thenarrativerequirement


wouldestablishtheoverallflowconditionsintheDeltatoreasonablyprotectnativefishpopulations


migratingthroughandrearingintheDelta.


Theproposednarrativerequirementisasfollows:


MaintainflowconditionsintheinteriorDeltasufficienttosupportandmaintainthenatural

productionofviablenativefishpopulationsmigratingthroughandrearingintheDelta.Interior

Deltaflowconditionsthatreasonablycontributetowardmaintainingviablenativefishpopulations

include,butmaynotbelimitedto,flowsthatmorecloselymimicthenaturalhydrographic

conditionstowhichnativefishspeciesareadapted,includingtherelativemagnitude,duration,

timing,qualityandspatialextentofflowsastheywouldnaturallyoccur.Indicatorsofnativefish

speciesviabilityincludepopulationabundance,spatialextent,distribution,productivityand

geneticandlifehistorydiversity.Viabilityisdependentonmaintainingmigratorypathways,

sufficientquantitiesofhighqualityspawningandrearinghabitat,andaproductivefoodweb.


ChangestothenumericinteriorDeltaflowrequirementswouldreasonablyprotectthesebeneficial


usesandhelptoimplementthenarrativerequirement.Numericobjectiveswouldbeconsistentwith


requirementsthatarealreadyincludedintheUSFWSBiOp,NMFSBiOp,andDFWITPincluding:
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newOldandMiddlereverseflowlimitationsandchangestoexportandDCCgaterestrictionsto


expandthelevelofprotectionforthoseexistingobjectives.Similartotheexistingprocess,the


interiorDeltaflowrequirementsforOldandMiddleRiverreverseflows,exportlimits,andDCCgate


closureswouldbedeterminedandbasedonmonitoringoffishpresenceandaconsultationprocess


involvingstafffromthefisheriesagencies,DWR,andReclamation,withtheadditionoftheState


WaterBoard.AdaptivemanagementprovisionsareproposedforalloftheinteriorDeltaflow


requirementssuchthattherequirementscanadapttonewscientificknowledgeasitbecomes


available,throughtheDeltaScienceProgram,CSAMP,CAMT,andotherefforts.


5.6 Updates to the Program of Implementation

TheStateWaterBoardhasauthoritytoadoptstatewideWaterQualityControlPlansandadoptsthe


Bay‐DeltaPlanbecauseofitsimportanceasamajorsourceofwaterforthestate.TheStateWater


Boardistheonlystateagencywithauthoritytooverseeandregulatewaterrights.Because


Californiacombinesitswaterrightsandwaterqualityauthorities(Wat.Code,§174),theBay‐Delta


Planaddresseswaterdiversionsanduseinthewaterqualityplanningcontext,includingthefederal


CleanWaterActandstatePorter‐CologneWaterQualityControlAct.Whenaddressingwater


diversionsanduse,itisimportanttoemphasize,however,thatimplementationofwaterquality


objectivesispursuanttotheStateWaterBoard’swaterqualityandwaterrightsauthoritiesunder


statelaw.ThereareavarietyofwaterrightandwaterqualityauthoritiesthattheStateWaterBoard


mayutilizetoimplementnewandrevisedobjectivesandtheStateWaterBoardhasdiscretionin


howitchoosestoimplementtheobjectivesinaccordancewithstatelaw.(See,Wat.Code,§13242


[programtoachieveobjectivesshallincludeadescriptionofthenatureoftheactionsnecessaryto


achieveobjectives,includingrecommendationsforappropriateactionbyanyentity,publicor


private,atimescheduleforactionstobetaken,andmonitoringtodeterminecompliance].)


Theprogramofimplementationisstillbeingdevelopedastheplanningprocessmovesforwardin


ordertoallowinputfromotheragencies,stakeholdersandthepublicandthereforepreciseBay‐


DeltaPlanlanguageisnotprovidedatthistime.Theproposedprogramofimplementationwould


includeearlyimplementationmeasures,includingthesubmittaloftributaryplansbypotentially


responsibleparties.Asdiscussedabove,thetributaryplanswouldincludeaflowelementandcold


watermanagementanddroughtplanningandresponseelements,monitoringandreporting


elements,amongothers.Ineachtributary,adaptivemanagementofthepercentofunimpairedflows


couldallowflowstobesculptedinordertoimprovetheirfunctionalityandprovidethegreatest


benefitstonativefishandwildlife,aswellasallowforchangesinflowswithinarangeinresponseto


changedinformationorconditions.


Theproposedprogramofimplementationwouldalsoincludemeasurestoensurethatwater


bypassedorreleasedtomeetwaterqualityobjectivesisprotectedandactionstoensurethat


tributarieswithflowlevelsthatarealreadyprotectivearenotdegraded,includingupdatingtheFAS


listasappropriateandotheractions.


TheStateWaterBoardrecognizesthatvoluntaryagreementscanhelpinformandexpedite


implementationofflowobjectivesandcanprovidedurablesolutionsintheBay‐Deltawatershed.


Thetributaryplanframeworkprovidesaregulatorymechanismforacceptinglocalvoluntary


agreementsthatmeetthetributaryinflownarrativeobjectiveandmayincludealternativemethods


forenhancingprotectionfornativefishandwildlife.TheStateWaterBoardencouragesall


stakeholderstoworktogethertoreachearlyvoluntaryagreementsthatmayalsohelpinformand
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accelerateBay‐Deltaplanningandimplementationactions.Theprogramofimplementationcould


provideascheduleforstakeholderstosubmitimplementationagreementsforStateWaterBoard


review.WhenconsideringwhethertoapproveanagreementtoimplementtheBay‐DeltaPlan,the


StateWaterBoardmustsatisfyitsindependentstatutoryandconstitutionalobligations.


Implementationoftheinflow‐basedDeltaOutflowobjectivewouldcorrelatetothedevelopment,


approval,andimplementationoftributaryplans.Liketheinflowrequirements,theinflow‐based


Deltaoutflowrequirementswouldallowsculptingofflowsandwouldrequirethedevelopmentof


implementationmeasuresforadaptivemanagement,likelyincoordinationwiththeProjectsand


otherin‐Deltausers.Deltaoutflowimplementationmeasureswouldincludemonitoring,evaluation


andreportingprovisions,developmentofbiologicalgoals,andprovisionsforcoordinationwith


inflows.Theimplementationmeasureswouldaddressaccountingmethodsfortheexistingandnew


requirements,includingintegrationwithtributaryplans,calculationofaccretionsanddepletions,


andevaluationoftheexistingandnewmethodsofcompliancewithDeltaoutflowstoensurethey


areprotective.Inaddition,theprogramofimplementationwouldprovideflexibilitytoallowfor


continualimprovements,includingofNDOIcalculations,salinitymonitoring,andcoordinationwith


theUSFWSBiOpprocessesforfalloutflows.


Theproposedprogramofimplementationwouldalsoincludemonitoringandspecialstudies


necessarytofillinformationneedsanddeterminetheeffectivenessof,andcompliancewith,thenew


requirements.TheStateWaterBoardhasidentifiedfourprimarygoalsfornearandlong‐term


monitoringintheDeltainorderto:(1)evaluatecompliancewithspecificimplementationprovisions


byresponsiblepartiespursuanttowaterrightconditions,otherordersand/orregulations;(2)


evaluatetheeffectivenessofmanagementmeasures,managementmodifications,andremediation


effortsaimedatmeetingwaterqualityobjectivesandimprovingconditionsforbeneficialuses;(3)


trackwhetherconditionsaretrendingtowardnumerictargets,waterqualityobjectives,and


beneficialusesupport;and(4)informwhenandhowtoreevaluatetheobjectivesandprogramof


implementation.


Acombinationofmonitoringandassessmentisnecessarytoachievethesegoals.Itisanticipated


thattributaryplanswillincludeamonitoringandreportingelementthat1)documentswhether


provisionsareimplementedasproposed,and2)evaluatestheeffectivenessoftheprovisions,tothe


extentpossible.Tributarygroupswillbeencouragedtoprovidereach‐scaletargetsdefiningchannel


andhabitatconditionsinordertogaugeprogresstowardmeetingobjectives.Tributaryplansthat


containrestorationelementsandothernonflowmeasuresdesignedtocomplementflowsmust


includeeffectivenessmonitoringtoassesswhichtechniquesyieldthegreatestbenefits.Finally,


monitoringandspecialstudiesmayberecommendedasnecessarytoaddresstheresource


protectiongoalsandanswerspecificquestions.StateWaterBoardstaffwillreporttotheState


WaterBoardannuallyonthestatusandprogressofimplementationactivities.TheStateWater


Boardstaffwillalsoconductformalassessmentsoftheeffectivenessofimplementationmeasures


onaregularbasisandpursueanynecessaryrevisionsusingmonitoringandreportingdata,other


studiesandanyotheravailabledata,asappropriate.Duringreassessment,theStateWaterBoard


willconsiderhoweffectivetherequirementsoftheprogramofimplementationareatachieving


waterqualityobjectives,andprotectingthebeneficialusesofwaterintheBay‐Deltaandwatersheds


basedonbiological,waterqualityandotherappropriatetrendsintheDeltaanditstributaries.


Ultimately,successisachievedwhenbeneficialusesaresupported.
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Finally,theprogramofimplementationwillidentifyactionsotherentitiesshouldtakethatwould


contributetoachievingtheoverallgoalofimprovingconditionsfornativefishandwildlife.The


programofimplementationwillincluderecommendationsfornon‐flowmeasuresthatare


complementarytotherevisedobjectivesandthatareexpectedtoimprovehabitatconditionsor


improverelatedscienceandmanagementwithintheBay‐Deltawatershed.


Theprogramofimplementationwillprovideforactivemonitoringandreporting,adaptive


management,andStateWaterBoardupdateandreviewinspecifiedtimeperiods.ThePhaseIIPlan


Updateisstructuredtoprovidefortimelyaction,flexibility,andcoordinationwithotherplanning,


regulatory,andrestorationefforts.Thisincludestheintegrationofneededflowandnonflowactions


totheextentpossible,andscience,monitoring,andevaluationactivities.Newrequirementsinclude


adaptivemanagementprovisionstorespondtonewandchanginginformationoverthelongterm


andinrealtime.


TheStateWaterBoardwillcollaborateandcoordinatewithotherscienceeffortsincludingthe


DPIIC,IEP,theCSAMP,andothergroupsandprograms.Therearevariousactivitiesthatare


underwayorcurrentlybeingplannedorimplementedbyotheragenciesincoordinationwithefforts


suchas:theCaliforniaWaterActionPlan;speciesrecoveryplanningrequiredbyfederalandstate


endangeredspeciesacts;CaliforniaEcoRestore;projectsfinancedundertheWaterQuality,Supply,


andInfrastructureImprovementAct;and,otherprojectsandprograms.Manyoftheseactivitiesare


expectedtocomplementtheStateWaterBoard’swaterqualitycontrolplanningand


implementationeffortsandcouldinformadaptivemanagementdecisionsregardingneededflows


andoperationalmeasures.
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Appendix A

Modeling Approaches Used to Develop
Unimpaired Watershed Hydrology

A.1 Background

TheStateWaterResourcesControlBoard(StateWaterBoard)isconsideringtheuseofunimpaired


flowsinitsPhaseIIcomprehensiveupdatetotheWaterQualityControlPlanfortheSanFrancisco


Bay‐Sacramento/SanJoaquinDeltaEstuary(Bay‐DeltaPlan)forSacramentoRivermainstemand


majortributaryinflowandDeltaeastsidetributaryinflow(includingtheCalaveras,Cosumnesand


MokelumneRivers)requirements.TheStateWaterBoardisalsoconsideringtheuseofunimpaired


flowsaspartofthePhaseIupdatetotheBay‐DeltaPlanforSanJoaquinRiverinflowrequirements


aspartofaseparateprocessthatisnotaddressedinthisdocument.Unimpairedhydrologyor


“unimpairedflow”representsanindexofthetotalwateravailabletobestoredandputtoany


beneficialusewithinawatershedundercurrentphysicalconditionsandlanduses.Thisestimate


representssomethingdifferentthanthe“naturalflow”thatwouldhaveoccurredabsenthumanland


useandinfrastructureforwatersupplyandfloodcontrol.


PreviousworkonunimpairedflowsintheSacramentowatershedhasbeencompletedbythe


CaliforniaDepartmentofWaterResources’(DWR’s)DivisionofFloodManagementandBay‐Delta


OfficetoprovideestimatesthroughouttheCentralValley.DWR’sunimpairedflowestimatesalso


termed“fullnaturalflow”areproducedbyremovingtheeffectofreservoirstorage,watertransfers,


anddiversionsfromhistoricalobservedflows.Landuse,levees,floodbypasses,andweirsareall


assumedtoexistastheydonow(DWR2007,2016a).DWR’sBay‐DeltaOfficehasproduced


unimpairedestimatesfor24locationsintheCentralValleyforOctober1921throughSeptember2014


onamonthlybasis(DWR2016a).DWR’sDivisionofFloodManagementproducesestimatesof“full


naturalflow”onamonthlybasisfor36locationsaroundthestateandonadailybasisfor19


locations.Theseestimatesareusedtocalculateindicesofwateravailabilitysuchaswateryeartypes


andtheEightRiverIndex.Inturn,theseindicesareusedtodeterminewatersupplyallocationsand


waterqualityobjectivesformultiplebeneficialusesofwater,includingobjectivestoprotectfishand


wildlife.Theseestimatesareconsideredtobeaccuratehigherinthewatershedbutarenotconsidered


tobeasaccuratelowerinthevalleyfloorandDelta.DWR’smethodsforestimatingunimpairedflowin


thevalleyfloorandDeltadonotexplicitlyaccountforanystream‐groundwaterinteractionandtakea


simplifiedapproachtoestimatingsurfacerunofffromungagedstreams(DWR2007,2016a).


ThemethodsusedbyDWRdonotprovideunimpairedestimatesatthebottomofeachwatershed,


withtheexceptionoftheSacramentoValleyTotalOutflow,whichincludesanestimateofvalleyfloor


runoff.Toprovideestimatesatthebottomofthewatershed,betterestimatesofsurfacerunoffand


streamgainsandlossestogroundwaterareneeded.Thisisachallenge,however,becausemost


diversionsarenotgaged,mostofthewatershedsintheSacramentoValleydonothavegagesnear


theconfluences,anditisverydifficulttoestimatestreamgainsandlossestogroundwater.


DWR’sBay‐DeltaOfficehasrecentlypublishedestimatesofthe“naturalflow”thatwouldhaveresulted


iftheprecipitationandvalleyfloorinflowhydrologyofthewateryear1922–2014recordhad


occurredinanaturallandscape,unalteredbyhumans(DWR2016a).Thisinvolvesmaking


assumptionsaboutpre‐developmentgroundwateraccretions,distributionandevapotranspirationof
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wetlandandriparianvegetation,channelconfigurations,anddetentionofoverbankflows,allofwhich


differfromthecurrentphysicalconditionandlanduseofthewatershed(DWR2016a).


Thestudydescribedherewasundertakentobetterestimateunimpairedflowsattheconfluencesof


thetributariesintheSacramentoRiverwatershed,atlocationsonthemainstemSacramentoRiver,


andatthemouthsoftheDeltaeastsidetributaries.Unimpairedflowswereestimatedwiththe


SacramentoWaterAllocationModel(SacWAM)utilizingthe“unimpaired”mode.Thisappendix


describesthemodelassumptionsandprovidesdetailedunimpairedmodelingresults.


A.2 Methods

SacWAMversion1.05,whichassumesexistingconditions,wasmodifiedasdescribedinA.2.1–A.2.5


togenerateestimatesofunimpairedflow.Afulldescriptionofmodelassumptionscanbefoundin


theSacWAMModelDocumentation(StateWaterBoard2017).


MethodsusedtoestimateunimpairedflowsinthepreviousdraftPhaseIIUpdateofthe2006Bay‐


DeltaPlanScientificBasisReporthavebeenoverhauledbasedoncommentsreceivedandnewly


availablemodels;however,thebasicmonthlymassbalanceapproachremains.Theimprovements


includefurtherdevelopmentofupperwatershedunimpairedinflows,improvedestimatesofstream


gains/losstogroundwater,dynamiccalculationofvalleyfloorrainfallrunoff,andtheuseof


SacWAMfornetworkcalculations.


Theupperwatershedunimpairedriminflowsaccountforthelargestcomponentoftheunimpaired


flowsatthetributaryconfluences.TheseflowsdevelopedbyDWRandtheirconsultantshavebeen


extendedthrough2015andhavebeenfurtherrefinedsincethepreviousdraft.Thesemethodsare


describedinChapter6oftheSacWAMDocumentation(StateWaterBoard2017).


Thestreamgains/losseshavebeenupdatedtoincludeadynamiccalculationbasedonstreamflow


andseason.Previouslythestreamgain/losswasestimatedasapreprocessedtimeseriesbasedon


resultsfromaC2VSIM“currentconditions”run.SacWAMusesrelationshipsofstreamgains/losses


tostreamflowwhicharebasedonaC2VSIM“currentconditions”simulation(StateWaterBoard


2017).Theupdatedmethodresultsingreaterseasonalvariationinstreamgainsandlossesanda


slightoverallreductioninlossesacrosstheentirevalley.ThesemethodsaredescribedinChapter6


oftheSacWAMDocumentation(StateWaterBoard2017).


SurfacerunoffestimatedbySacWAMisdynamicallycalculatedbasedonclimateconditions,


vegetation,andsoilmoisture,whereaspreviousestimatesusedintheunimpairedflowcalculations


werepreprocessedbasedonresultsfromCalSimHydro.IntheunimpairedsimulationinSacWAM,


thesurfacerunoffislowerthaninthecurrentconditions.Duringsummermonths,thisisduetothe


reductioninappliedwaterbecausenowaterisbeingdivertedfromtheriversandstreamsand


groundwaterpumpinghasbeenlimitedtotheexistingconditionsscenario.Duringwintermonths,


intheunimpairedscenario,morerainfallinfiltratesintothegroundduetothedriersoilconditions


attheendofthegrowingseason.Thisistheresultofdriersoilduetolesswaterbeingappliedtothe


fieldsbecausenowaterisbeingdivertedfromtheriversandstreams.Intheunimpairedscenario,


morerainfallisappliedtothesoilmoisturedeficitthanintheexistingconditionssimulation


resultinginlessrunofftotherivers.Previousestimatesdidnotaccountforchangesinsoilmoisture


and,therefore,likelyoverestimatedsurfacerunoff.Additionally,previousestimatesdidnotaccount


forrunoffcoveringalargeungagedareasurroundingtheDelta.Runofffromthisregionisnow


includedintheestimatesofDeltainflowusingSacWAM.
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A.2.1 SacWAM “Key Assumptions”

The“keyassumptions”inSacWAMaresettingsthattheusercaneasilymodifytochangethetypeof


hydrologicsimulation.Moredetailabout“keyassumptions”canbefoundinChapter9ofthe


SacWAMDocumentation(StateWaterBoard2017).Tosimulateunimpairedflows,thetwochanges


to“keyassumptions”weretoturnoffoperations,andtolimitgroundwaterpumping.


A.2.1.1 Turn off Simulation of Operations

The“keyassumption”called“simulateoperations”wassetto0fortheunimpairedsimulation.By


turningoffoperations,SacWAMdoesnotallowanydiversionstooccuroranystorageinreservoirs


withtwoexceptions.TheseexceptionsincludestorageinClearLake,discussedbelowinSection


A.2.3,anddiversionstosomeDeltaislands,discussedbelowinSectionA.2.4.Bysettingthesimulate


operationsswitchto0,unimpairedSanJoaquininflowsatVernalisareassumedbydefault.More


detailsaboutunimpairedSanJoaquinflowsarediscussedinSectionA.2.5.


A.2.1.2 Limits on Groundwater Pumping

The“keyassumption”called“ConstrainGWPumping”limitsthemaximumflowthrougheach


transmissionlinkfromagroundwatersourcetoademandsite.Themaximumlimitcanbesetbythe


userasatimeseriesforeachtransmissionlinkdefinedinacommaseparatedvalue(csv)inputfile.


Forthisunimpairedflowstudy,themaximumgroundwaterpumpingforeachtransmissionlinkwas


setequaltotheresultfromtheExistingConditionssimulation.Thisensuredthatgroundwater


pumpingwouldnotincreaseinresponsetoareducedsurfacewatersupply.Theonlyeffectthis


assumptionhasonstreamflowistopreventtherelativelysmallamountofreturnflowsassociated


withgroundwaterpumpingfromincreasing.


A.2.2 SacWAM User Defined Linear Programming Constraints

Theuserdefinedlinearprogramingconstraints(UDCs)inSacWAMarehardconstraintsprimarily


usedtosimulateoperationallogicsuchastheCoordinatedOperationsAgreementandOldand


MiddleRiverreverseflows.Fortheunimpairedflowsimulation,alloftheUDCsareturnedoffexcept


fortheflowsplitsatthealloftheweirs,KnightsLandingRidgeCut,andGeorgianaSlough.


A.2.3 Clear Lake Evaporation

ClearLakeonCacheCreekisalarge,natural,shallowlakethathasrelativelyhighevaporativelosses


whencomparedtothemeanannualinflowtothestream.BecauseClearLakeisanaturallakewith


verylittlecontrolonthereservoirelevation,minimalstorageinthislakehasbeenincludedinthe


unimpairedflowsimulation.Initialstorage,topofconservation,andtopofinactivewereall


assumedtobe840thousandacre‐feet(TAF),whichistheminimumoperablelevelofstorageinthe


existingconditionssimulation.ThisconstraintonClearLakewillnotallowstoragetoincreaseabove


840TAFbutitwillallowevaporationtoreducestoragebelow840TAF.Duringdryperiodswhen


ClearLakestorageisreducedbelow840TAF,nowaterleavesthelakeuntilstoragehasincreasedto


840TAF.
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A.2.4 Delta Depletions

ManyDeltaislandsarebelowsealevel,causingseepagefromDeltachannelsintotheislands.In


theseareas,wateriscontinuouslypumpedoutoftheislandsevenwhendiversionsarenot


occurring.Evenwithunimpairedconditions,seepagewaterwouldbeavailableforconsumptiveuse


byvegetation.Toaccountfordepletionsinareasbelowsealevel,someDeltadiversionswere


includedintheunimpairedsimulation.FigureA‐1showsthepercentagesofeachDeltademandunit


thatisbelowsealevel.ThesepercentageswereappliedtoeachmonthofthepreprocessedDelta


Depletiontimeseries,resultinginatotalannualaverageDeltadepletionof31percentofexisting


conditions.


A.2.5 Unimpaired San Joaquin Inflow at Vernalis

AssumptionsforunimpairedinflowfromtheSanJoaquinRivercamefromDWRunimpairedflow


report4thEditionandexpandedto2015(DWR2007,2016a).TheSanJoaquinValleyunimpaired


runoffestimateusingthesemethodssuffersfromtheissuessimilartothosediscussedaboveforthe


SacramentoValley,suchasnotincludingstreamgains/lossestogroundwater.However,thisisthe


bestavailableestimateofunimpairedflowsfromtheSanJoaquinRiveratthistime.


A.2.6 Additional Model Assumptions

Landusewasassumedtobethesameasunderexistingconditions.Becausetherearenosurface


waterdiversionsintheunimpairedflowsimulationandgroundwaterpumpingisnotassumedto


increase,thecropdemandforwatermaynotalwaysbemet.


Stream‐groundwaterinteractionisadynamiccalculationbasedonstreamflowandseason;


therefore,thestreamgains/lossesassociatedwiththeunimpairedsimulationdifferfromthose


associatedwithexistingconditions.Forexample,lossestogroundwateraregenerallyhigherinthe


springintheunimpairedflowsimulationduetohigherflows.


A.2.7 Model Limitations

Therearecurrentlynoabstractionsofwaterfromstreamsduetoriparianvegetation.Manyriver


channelsintheSacramentoValleyarelinedwithleveesandripraptomanageerosionandfloods.


Thisflooddevelopmentreducestheriparianvegetationdemands;however,therearemany


channelsintheSacramentoValleywhereriparianvegetationcouldtheoreticallybereducingthe


streamflow,andtheseareashavenotbeenexplicitlyconsideredinthisstudy.


Considerationhasbeenmadetoroutesurfacerunoffandreturnflowstothecorrectwatershedas


accuratelyaspossible.Thisresultsinflowestimatesbeingconsideredmostaccurateatthe


confluencesofeachtributary(locationslistedbelow).Alongeachtributary,unimpairedflowsmay


notbeaccurateduetothespatialresolutionandtheconsolidatedrepresentationofsmallstream


andsurfacerunoffarcs.


SacWAMcalculatesunimpairedflowsonamonthlytimestepwhichunderestimatesfloodpeaksand


canoverestimateflowsinseverelydryconditionsbyaveragingflowsoveranentiremonth.This


shouldbeconsideredespeciallywhenexaminingtheunimpairedflowresultsoffloodbypassesand


weirspills.
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Figure A‐1. Demand Units within the Delta
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A.3 Results

Thefollowingbarchartsshowthemonthlyaverageunimpairedresultsbytributarybrokenupby


flowcomponent(FiguresA‐2throughA‐27,presentedinalphabeticalorder).Theflowcomponents


includeriminflow,surfacerunoff,tributaryinflow,accretions,depletions,evaporation,


groundwatergain/loss,weiroutflow,andoutflowattributaryconfluences.TableA‐1presentsthe


annualaverageunimpairedresultsbywateryeartype.


FiguresfortheFeatherRiver,theSacramentoRiveratFreeport,andtheYoloBypass(FiguresA‐16,


A‐22,andA‐26,respectively)provideexamplesofhowflowfrommultipletributariesmay


contributetounimpairedflowsatsomelocations.TributaryinflowfortheconfluenceoftheFeather


RivershowninFigureA‐16comesfromtheBearRiver(FigureA‐5),YubaRiver(FigureA‐27),


HoncutCreek,andJackSlough.TributaryinflowfortheSacramentoRiveratFreeport(FigureA‐22)


comesfromalltheupstreamtributariesandincludesoutflowfromtheSutterBypass.“Inflows”(rim


inflows)inthisfigurearetheLakeShastariminflows.Theweirspills,suchastotheYoloBypass,


shownfortheSacramentoRiveratFreeport(FigureA‐22)arenegativebecausetheyrepresent


waterthatleavestheSacramentoRiversystemupstreamofFreeportanddoesnotreturnuntil


downstreamofFreeport.NotethattheYoloBypassflowsshowninFigureA‐22areofsmaller


magnitudethantheYoloBypassflowsshowninFigureA‐26becausetheYoloBypassflowsinFigure


A‐22donotincludewaterfromPutahandCacheCreeks,whereastheYoloBypassflowsshownin


FigureA‐26includePutahandCacheCreeks.Urbanreturnflowsareminimalintheunimpaired


scenarioandhavebeenincludedinthetributaryinflowcomponent.


Therearepatterndifferencesbetweenrain‐fedandsnow‐meltfedtributaries.Themonthlyresults


showpatterndifferencesbetweenlowaltitudestreamsthataresuppliedprimarilybyrainfalland


streamsthatextendhigherintothemountainsandreceivesubstantialsnowmelt.Snowmeltstreams


typicallyshowpeakflowsfromMarchtoMay.TheseincludetheAmericanRiver(FigureA‐2),the


FeatherRiver(FigureA‐16),theMokelumneRiver(FigureA‐18),andtheYubaRiver(FigureA‐27).


Mostotherstreamsshowapatternexpectedforstreamsthatarefedbyrainfall,withpeakflows


duringJanuary–March.TheSacramentoRiverasawholeshowsapatternthatisindicativeofa


mixtureofrainfallandsnowmeltrunoff,withflowsremaininghighJanuary–May(FigureA‐22).


AlmostallstreamsshowsubstantiallyreducedunimpairedflowduringJuly–Octobercomparedto


othermonths.However,BattleCreek(FigureA‐4)andMillCreek(FigureA‐17)showrelativelyhigh


inflowsduringthesedrymonths,whichmayindicatecontributionfromspringsintheupper


watershed.


Thevalleyriminflowsarebyfarthelargestcontributiontotheunimpairedtributaryoutflows;


however,forsomelocations,surfacerunoffhasalargeinfluenceontheunimpairedtributary


outflow,suchasButteCreek(FigureA‐7)andNatomasEastMainDrain(FigureA‐19).Inthecaseof


NatomasEastMainDrain,mostofitsinflowcomesfromsurfacerunoff.


Almostalltributarieshavestreamgainsorlosses.Ingeneral,thestreamgain/losscomponentis


relativelysmallcomparedtototaltributaryoutflow.However,forsomesmallnortherncreeks,gains


duringthedriestmonths(June–October)mayprovidemostoftheflowinthecreek.Thisoccursfor


ElderCreek(FigureA‐15),PaynesCreek(FigureA‐20),andThomesCreek(FigureA‐25).


ForallwatershedsrepresentedinFiguresA‐2throughA‐27(SacramentoValleyandDeltaeastside


tributariesexcludingtheDelta),thetotalaverageannualriminflowisapproximately22,800TAF


peryear(TAF/yr),whereasthenetstream‐groundwaterinteraction(gain/loss)isanaveragenet
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lossofapproximately880TAF/yr(3percentoftheriminflow),andthesurfacerainfallrunofffrom


thevalleyfloorisapproximately1290TAF/yr(5percentoftheriminflow).Thereisverylittle


changeinunimpairedhydrologythroughtheDelta,asshowninFigureA‐28.Nearlyallofthe


unimpairedDeltaoutfloworiginatesfromitstributaryinflowsandarelativelysmallamountcomes


fromDeltaaccretionsandislosttodepletions.


Figure A‐2. Monthly Average Unimpaired Flow Components for the American River










Figure A‐3. Monthly Average Unimpaired Flow Components for Antelope Creek



State Water Resources Control Board

Modeling Approaches Used to Develop

Unimpaired Watershed Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
A‐9

Final





Figure A‐4. Monthly Average Unimpaired Flow Components for Battle Creek
















Figure A‐5. Monthly Average Unimpaired Flow Components for Bear River
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Figure A‐6. Monthly Average Unimpaired Flow Components for Big Chico Creek
















Figure A‐7. Monthly Average Unimpaired Flow Components for Butte Creek
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Figure A‐8. Monthly Average Unimpaired Flow Components for Cache Creek
















Figure A‐9. Monthly Average Unimpaired Flow Components for Calaveras River
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Figure A‐10. Monthly Average Unimpaired Flow Components for Clear Creek
















Figure A‐11. Monthly Average Unimpaired Flow Components for Cosumnes River
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Figure A‐12. Monthly Average Unimpaired Flow Components for Cottonwood Creek
















Figure A‐13. Monthly Average Unimpaired Flow Components for Cow Creek
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Figure A‐14. Monthly Average Unimpaired Flow Components for Deer Creek
















Figure A‐15. Monthly Average Unimpaired Flow Components for Elder Creek
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Figure A‐16. Monthly Average Unimpaired Flow Components for Feather River
















Figure A‐17. Monthly Average Unimpaired Flow Components for Mill Creek
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Figure A‐18. Monthly Average Unimpaired Flow Components for Mokelumne River
















Figure A‐19. Monthly Average Unimpaired Flow Components for Natomas Main Drain
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Figure A‐20. Monthly Average Unimpaired Flow Components for Paynes Creek
















Figure A‐21. Monthly Average Unimpaired Flow Components for Putah Creek
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Figure A‐22. Monthly Average Unimpaired Flow Components for Sacramento River
















Figure A‐23. Monthly Average Unimpaired Flow Components for Sutter Bypass









State Water Resources Control Board

Modeling Approaches Used to Develop

Unimpaired Watershed Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
A‐19

Final





Figure A‐24. Monthly Average Unimpaired Flow Components for Stony Creek
















Figure A‐25. Monthly Average Unimpaired Flow Components for Thomes Creek
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Figure A‐26. Monthly Average Unimpaired Flow Components for Yolo Bypass
















Figure A‐27. Monthly Average Unimpaired Flow Components for Yuba River
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Note:surfacerunoffandreturnflowsincludedintributaryinflow


Figure A‐28. Monthly Average Unimpaired Flow Components for the Delta







Table A‐1. Average Annual Values per Water Year Type

UnimpairedFlowComponent All W AN BN D C


AmericanRiverInflow 2,609 4,264 3,082 2,213 1,643 945


AmericanRiverOutflow 2,580 4,213 3,050 2,187 1,625 939


AmericanRiverStreamGain/Loss ‐41 ‐67 ‐47 ‐35 ‐26 ‐15


AmericanRiverSurfaceRunoff 18 28 24 14 11 11


AntelopeCreekInflow 99 161 117 82 62 40


AntelopeCreekOutflow 113 176 132 97 76 51


AntelopeCreekStreamGain/Loss 13 13 13 14 14 10


AntelopeCreekSurfaceRunoff 1 2 1 1 1 1


BattleCreekInflow 347 494 375 302 267 211


BattleCreekOutflow 355 499 383 313 278 219


BattleCreekStreamGain/Loss 8 5 8 11 12 8


BearRiverInflow 313 520 383 259 189 106


BearRiverOutflow 377 622 462 308 229 139


BearRiverStreamGain/Loss ‐23 ‐37 ‐27 ‐19 ‐14 ‐8


BearRiverSurfaceRunoff 34 46 40 27 26 27


BearRiverTributaryInflow 52 93 66 40 28 14


BigChicoCreekInflow 101 173 119 78 58 35


BigChicoCreekOutflow 100 173 118 78 58 35


i  i    i       
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UnimpairedFlowComponent All W AN BN D C


ButteCreekInflow 241 391 286 198 150 101


ButteCreekOutflow 397 629 472 326 251 188


ButteCreekStreamGain/Loss ‐14 ‐22 ‐16 ‐12 ‐9 ‐7


ButteCreekSurfaceRunoff 123 177 141 104 87 81


ButteCreekTributaryInflow 47 83 61 36 24 13


CacheCreekEvaporation 155 ‐151 ‐155 ‐155 ‐158 ‐160


CacheCreekInflow 444 731 524 349 274 190


CacheCreekOutflow 433 817 550 301 199 104


CacheCreekStreamGain/Loss ‐99 ‐196 ‐126 ‐66 ‐41 ‐18


CacheCreekSurfaceRunoff 48 74 62 37 28 28


CacheCreekTributaryInflow 195 365 251 132 91 50


CalaverasRiverInflow 150 279 183 120 69 32


CalaverasRiverOutflow 123 224 154 98 59 29


CalaverasRiverStreamGain/Loss ‐42 ‐80 ‐49 ‐34 ‐19 ‐9


CalaverasRiverSurfaceRunoff 8 11 10 6 5 5


l  i  i  fl       


ClearCreekInflow 324 522 424 244 202 138


ClearCreekOutflow 326 525 426 245 203 139


ClearCreekSurfaceRunoff 2 3 2 1 1 1


CosumnesRiverInflow 358 645 437 292 177 84


CosumnesRiverOutflow 433 771 532 351 219 116


CosumnesRiverStreamGain/Loss ‐2 ‐3 ‐2 ‐1 ‐1 0


CosumnesRiverSurfaceRunoff 45 68 55 34 29 27


CosumnesRiverTributaryInflow 32 60 42 26 15 5


CottonwoodCreekInflow 469 843 601 314 248 147


CottonwoodCreekOutflow 535 943 684 369 294 183


CottonwoodCreekStreamGain/Loss ‐9 ‐19 ‐12 ‐4 ‐2 ‐1


CottonwoodCreekSurfaceRunoff 76 119 95 59 48 37


CowCreekInflow 412 674 497 336 258 159


CowCreekOutflow 423 686 511 346 268 166


CowCreekStreamGain/Loss ‐7 ‐15 ‐9 ‐4 ‐2 ‐1


CowCreekSurfaceRunoff 18 28 23 14 12 9


DeerCreekInflow 228 370 260 185 146 100


DeerCreekOutflow 227 367 258 185 146 100


DeerCreekStreamGain/Loss ‐1 ‐3 ‐2 ‐1 0 0


DeltaAccretion 244 407 340 185 122 99


DeltaDepletion 365 ‐348 ‐355 ‐378 ‐369 ‐383


DeltaOutflow 28,456 45,026 33,592 23,857 18,540 12,510


DeltaTributaryInflow 28,596 44,985 33,626 24,069 18,807 12,816


ElderCreekInflow 67 117 91 45 36 22


ElderCreekOutflow 67 113 90 47 39 24


ElderCreekStreamGain/Loss 0 ‐4 ‐2 2 3 2




State Water Resources Control Board

Modeling Approaches Used to Develop

Unimpaired Watershed Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
A‐23

Final


UnimpairedFlowComponent All W AN BN D C


FeatherRiverInflow 4,275 6,894 4,850 3,516 2,816 1,829


FeatherRiverOutflow 6,999 11,109 8,041 5,857 4,674 3,046


FeatherRiverStreamGain/Loss ‐90 ‐244 ‐127 ‐26 5 20


FeatherRiverSurfaceRunoff 109 164 130 85 74 65


FeatherRiverTributaryInflow 2,693 4,315 3,185 2,254 1,745 1,096


MillCreekInflow 215 319 245 185 154 115


MillCreekOutflow 216 319 246 188 157 117


MillCreekStreamGain/Loss 2 0 1 2 3 2


MokelumneRiverInflow 740 1,178 875 646 479 288


MokelumneRiverOutflow 620 986 733 542 402 241


MokelumneRiverStreamGain/Loss ‐120 ‐192 ‐141 ‐104 ‐77 ‐46


NatomasEastMainDrainInflow 11 18 15 8 7 6


NatomasEastMainDrainOutflow 54 81 68 42 35 34


NatomasEastMainDrainSurfaceRunoff 38 58 49 29 24 23


  i  i  i  fl       


PaynesCreekInflow 52 88 60 43 31 16


PaynesCreekOutflow 60 97 69 51 40 23


PaynesCreekStreamGain/Loss 8 8 8 9 9 6


PutahCreekInflow 358 652 441 252 183 111


PutahCreekOutflow 319 578 396 225 161 99


PutahCreekStreamGain/Loss ‐48 ‐89 ‐57 ‐32 ‐26 ‐15


PutahCreekSurfaceRunoff 9 15 12 6 4 4


SacramentoRiverAccretion 506 1,136 689 256 126 0


SacramentoRiverDepletion 87 ‐190 ‐138 ‐36 ‐24 0


SacramentoRiverInflow 5,599 8,018 6,372 4,856 4,206 3,260


SacramentoRiverOutflow 18,447 26,725 21,859 16,499 13,467 9,445


SacramentoRiverStreamGain/Loss ‐253 ‐615 ‐372 ‐84 ‐9 ‐15


SacramentoRiverSurfaceRunoff 299 440 363 245 206 174


SacramentoRiverTributaryInflow 15,856 26,789 18,760 12,235 9,521 6,097


SacramentoRiverWeirs 3,559 ‐8,981 ‐3,919 ‐1,043 ‐616 ‐121


StonyCreekInflow 438 791 569 299 220 138


StonyCreekOutflow 410 740 534 279 207 131


StonyCreekStreamGain/Loss ‐31 ‐56 ‐38 ‐22 ‐16 ‐10


StonyCreekSurfaceRunoff 3 5 4 3 2 3


SutterBypassInflow 2,555 5,657 3,221 1,205 736 309


SutterBypassOutflow 2,596 5,639 3,256 1,274 809 390


SutterBypassStreamGain/Loss ‐67 ‐171 ‐90 ‐19 ‐5 3


SutterBypassSurfaceRunoff 109 153 125 88 78 79


ThomesCreekInflow 213 357 265 158 130 83


ThomesCreekOutflow 241 397 299 181 148 102


ThomesCreekStreamGain/Loss ‐21 ‐38 ‐26 ‐13 ‐10 ‐7


ThomesCreekSurfaceRunoff 48 77 61 36 28 26




State Water Resources Control Board

Modeling Approaches Used to Develop

Unimpaired Watershed Hydrology


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
A‐24

Final


UnimpairedFlowComponent All W AN BN D C


YoloBypassInflow 2,329 5,659 2,354 828 571 257


YoloBypassOutflow 2,433 5,803 2,480 914 644 331


YoloBypassSurfaceRunoff 79 120 102 61 49 49


YoloBypassTributaryInflow 25 25 25 25 25 25


YubaRiverInflow 2,166 3,428 2,538 1,836 1,436 911


YubaRiverOutflow 2,302 3,662 2,704 1,938 1,514 960


YubaRiverStreamGain/Loss ‐25 ‐40 ‐29 ‐21 ‐17 ‐11


YubaRiverSurfaceRunoff 16 23 19 12 11 11


YubaRiverTributaryInflow 146 252 176 112 85 48





A.3.1 Unimpaired Stream Gains/Losses to Groundwater

Streamgainsandlossesaredifficulttoestimatebecausetheycannotbedirectlymeasured.


Additionally,inmostcasestheycannotbecalculatedusingmassbalanceabouteachtributary,


becauseveryfewofthetributariestotheSacramentoRiverhavestreamgagesattheconfluence


withtheSacramentoRiver.


Althoughthereisuncertaintyintheestimationofthiscomponentofunimpairedflows,formost


tributaries,thestreamlossesareestimatedtobelessthan10percentofthetributaryinflowwith


theexceptionofAntelopeCreek,CacheCreek,PutahCreek,CalaverasRiver,andtheMokelumne


River(TableA‐2).Resultsforthesetributariesareconsistentwithotherstudiesthathaveshown


largestream‐groundwaterinteractionsonthelowerreaches(YoloCounty2006;Thomassonetal.


1960;DWR2016b).Sincestreamgains/lossesareestimatedasafunctionofstreamflow,the


unimpairedlossesarelargerthanthelossesundertheexistingconditionssimulationbecausethe


streamflowsarehigher.Forexample,EastBayMunicipalUtilityDistrict(EBMUD)estimatestheloss


onthelowerMokelumneRivertobeabout‐45TAF/yr(EBMUD2017),whichisconsistentwiththe


SacWAMestimatesinthecurrentconditionssimulation(‐57TAF/yr‐belownormalto‐32TAF/yr‐


dry).However,theunimpairedoutflowfortheMokelumneRiverismuchlargerintheunimpaired


simulation(620TAF/yr)thanthecurrentconditionssimulation(327TAF/yr);therefore,thelosses


aregreaterintheunimpairedsimulation.


ThetotalannualaverageestimatedunimpairedstreamlossfortheSacramentoRiver,itstributaries,


andtheeastsideDeltatributariesisabout‐880TAF/yrbutaverages‐1,888TAF/yrinawetyear


and‐123TAF/yrinacriticalyear(TableA‐3).WhencomparedwiththetotalDeltaoutflow,the


estimatedsystem‐widestreamlossisanannualaverageof3.1percentacrossallyears.Incritical


years,thegainisonly1.0%ofDeltaoutflowandinawetyearthelossisnearly4.1percentofthe


totalDeltaoutflow.


Togetasenseofhowsensitivetheunimpairedflowestimatesaretothestreamgains/losses,the


lastrowofTableA‐3showsthatifyoudoublethestreamgain/losses,theeffectonDeltaoutflowisa


decreaseof3.1%.Strictlythisisnotcorrect,however,becauseifthelosseswereincreasedona


tributarytotheSacramentoRiver,theresultinginflowtotheSacramentoRiverwouldbereduced,


resultinginlesslossalongtheSacramentoRiver.Todoaformalsensitivityanalysisonthestream


gains/loss,theentiremodelwouldneedtoberecalibratedwhichwouldaffectotherareasofthe


model.Overall,thereissomeuncertaintyinthestreamgain/lossestimates,butthetributarieswith
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thelargestlossesareconsistentwithotherstudiesandthetotalgains/lossesaresmallintermsof


totalDeltaoutflow.


Table A‐2. Average Stream Gain/Losses as Percentage of Rim Inflow by Tributary

Tributary StreamGain/LossasPercentageofInflow


AmericanRiver
 ‐1.6%

AntelopeCreek
 13.1%

BattleCreek
 2.3%

BearRiver
 ‐7.3%

BigChicoCreek
 0.0%

ButteCreek
 ‐5.8%

CacheCreek
 ‐22.3%

CalaverasRiver
 ‐28.0%

CosumnesRiver
 ‐0.6%

CottonwoodCreek
 ‐1.9%

CowCreek
 ‐1.7%

DeerCreek
 ‐0.4%

ElderCreek
 0.0%

FeatherRiver
 ‐2.1%

MillCreek
 0.9%

MokelumneRiver
 ‐16.2%

PaynesCreek
 15.4%

PutahCreek
 ‐13.4%

SacramentoRiver
 ‐4.5%

StonyCreek
 ‐7.1%

SutterBypass
 ‐2.6%

ThomesCreek
 ‐9.9%

YubaRiver
 ‐1.2%










Table A‐3. Total System‐Wide Annual Average Stream Gain/Losses

All W AN BN D C


TotalUnimpairedStreamGain/ 
Loss(TAF/yr)


‐880 ‐1,888 ‐1,163 ‐476 ‐243 ‐123


PercentageofDeltaOutflow ‐3.1% ‐4.2% ‐3.5% ‐2.0% ‐1.3% ‐1.0%


200%TotalStreamGain/ 
LossasPercentageofOutflow


‐6.2% ‐8.4% ‐6.9% ‐4.0% ‐2.6% ‐2.0%
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A.3.2 Clear Lake Evaporation

TheeffectofincludingevaporationfromClearLakeinthecalculationofunimpairedflowsreduces


theunimpairedoutflowfromCacheCreekbyanaverageof128TAF/yr.Theannualaverage


evaporationforClearLakewiththelimitedoperationsdescribedinSectionA.2.3is155TAF/yr.


WhenevaporationinClearLakeisincluded,thestreamflowbelowClearLakeisreduced,resulting


inlessstreamlossonCacheCreek;therefore,theeffectontheunimpairedoutflowfromCacheCreek


islessthanthevolumeofevaporation.


ThelimitedreservoiroperationatClearLakeresultsinstreamflowsthatarenotalwaysuniformly


lowerduetoevaporation.Wheninflowsareverylow,suchasinthesummerof1984,evaporation


reducesstoragebelowthelakeoutletelevation,whichresultsinzerooutflow(FigureA‐29).Zero


outflowismaintaineduntilstoragerisesto840TAF.Thistypeofresponseissimilartowhatwould


beexpectediftherewasnodamcontrollingreleasesatClearLake.








Figure A‐29. Monthly Unimpaired Flow on Cache Creek below Clear Lake for Water Years 1984‐1985







A.3.3 Delta Depletions

SacWAMdoesnotincludeanystreamgains/lossestogroundwaterintheDelta.Thisinteractionis


assumedtobeincludedinthenetchanneldepletionstermdescribedaboveinSectionA.2.4.The


unimpairedDeltadepletionsare‐365TAF/yronaverage(TableA‐1)withanaveragemonthly


patternshowninFigureA‐30.TheunimpairedDeltadepletionsareapproximately31percentofthe


Deltadepletionsassumedunderexistingconditions(StateWaterBoard2017).
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Figure A‐30. Monthly Average Delta Depletion
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Errata

Thiserratasheetsummarizesanyminortypographical/editorialandmodelresultchangesthat


weremadeaftertheScientificBasisReportwassubmittedtoHealthandSafetypeerreviewinApril,


2017.TheScientificBasisReportsubmittedtoHealthandSafetypeerreview,togetherwiththe


errata,constitutethefinalScientificBasisReport.


Typographical and Editorial Changes

Summary of Edits by Chapter

Chapter BasicEditing/FormattingCorrections


Chapter1 CorrectedyeartheworkingdraftversionoftheScienceReportwasreleased(2016,not

2017);spacing;capitalization;punctuation;abbreviations


Chapter2 Punctuation,spacing,capitalization,abbreviations,spellingtypos


Chapter3 Spacing,punctuation,capitalization,typos,tableandfigurecross‐references


Chapter4 Spacing,punctuation,figurecross‐references,typos,abbreviations


Chapter5 Punctuation,figurecross‐references,typos,abbreviations,spacing,capitalization


AppendixA Spacing,punctuation,capitalization,correctedfigurenumbercross‐references,

abbreviations





Updated Hydrological Model Results

ThemodelusedtodevelopflowestimatesfortheReportrepresentstheexistingwatersupply


infrastructureinthewatershed.Whenestimatingunimpairedflows,thiswatersupply


infrastructureshouldnotbeoperational(seeAppendixAforafulldescriptionofunimpairedflow


methods).IntheunimpairedflowresultsthatwereincludedintheScientificBasisReportsubmitted


topeerreview,severalcanalsandtunnelsconnectingtheupperwatershedsoftheYubaandBear


Riverswereoperational,resultinginanerrorthataffectedestimatesofunimpairedflowsand


impairmentofcurrentconditionflowsonthoserivers.Tocorrectthisissue,thefigures,tables,and


textfortheYubaandBearRivershavebeenupdatedinChapter2andAppendixAofthefinal


ScientificBasisReportwithcorrectedvaluesthateliminatetheflowsthroughthetunnelsand


canals.AllofthechangesmadetoChapter2andAppendixAareidentifiedbelowinstrikeout(to


showdeletions)andunderline(fortheupdatedtext)foralltext,tables,andaffectedentriesin


Figure2.1‐10.


Additionally,oneoftheDeltadepletionterms(A_50_NA7)wasreducedtozerointheunimpaired


flowmodelrun,ratherthanto32%ofthecurrentconditionsdepletion,whichiscorrectlydescribed


insectionA.2.4andshowninFigureA‐1(AppendixA).Updatingthisvalueinthemodelrundoes


notsubstantiallychangetheresultsreportedinthebodyoftheReport,sotheassociatedfiguresand
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tablesintheReportwerenotupdatedtoreflectthischange.Allsummariesofhydrologicaldata


estimatedusingSacWAMwillbeupdatedinanyfuturedocumentationassociatedwiththeproposed


Bay‐DeltaPlanrevisions.


Chapter 2 Hydrology

Section 2.1.2 Watershed Overview

Figure2.1‐10onpp.2‐13and2‐14wasreplacedasshownbelowtoincludeupdatedvaluesforthe


YubaRiverandBearRiver.
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WY WYI 

Water

Year

Type BearRiver YubaRiver 

1977 3.11 C 31% 112% 79% 57%


1931 3.66 C 21% 68% 43% 32%


1924 3.87 C 25% 74% 51% 37%


2015 4.01 C 21% 72% 42% 31%


1992 4.06 C 27% 53% 44% 36%


1934 4.07 C 17% 44% 28% 22%


2014 4.07 C 18% 46% 33% 25%


1991 4.21 C 21% 41% 36% 30%


1933 4.63 C 16% 40% 24% 19%


1988 4.65 C 17% 40% 47% 37%


1990 4.81 C 29% 64% 34% 28%


1994 5.02 C 29% 77% 47% 37%


2008 5.16 C 20% 46% 33% 27%


1929 5.22 C 16% 37% 27% 22%


1976 5.29 C 22% 80% 58% 47%


1932 5.48 D 29% 58% 47% 42%


1939 5.58 D 32% 77% 30% 24%


1947 5.61 D 26% 62% 31% 25%


1961 5.68 D 18% 47% 23% 18%


1926 5.75 D 41% 70% 37% 30%


2001 5.76 D 22% 51% 43% 34%


2009 5.78 D 28% 63% 51% 43%


2013 5.83 D 24% 68% 46% 36%


1987 5.86 D 35% 79% 46% 37%


1930 5.9 D 32% 68% 55% 45%


1949 6.09 D 38% 71% 41% 35%


1989 6.13 D 48% 88% 51% 45%


1955 6.14 D 21% 45% 29% 24%


2007 6.19 D 31% 78% 49% 39%


1960 6.2 D 24% 53% 47% 39%


1981 6.21 D 33% 75% 34% 28%


1944 6.35 D 32% 61% 32% 27%


2002 6.35 D 35% 71% 48% 40%


1925 6.39 D 34% 65% 44% 38%


1964 6.41 D 32% 72% 38% 31%


1985 6.47 D 31% 70% 35% 29%


1950 6.62 BN 39% 74% 58% 50%


1962 6.65 BN 37% 68% 55% 47%


1979 6.67 BN 50% 87% 47% 40%


1959 6.75 BN 29% 71% 28% 23%


1945 6.8 BN 43% 82% 60% 51%


1937 6.87 BN 50% 80% 48% 42%


2012 6.89 BN 48% 85% 45% 39%


1935 6.98 BN 51% 83% 60% 54%


1923 7.06 BN 48% 89% 58% 50%


2010 7.08 BN 37% 70% 49% 42%


1948 7.12 BN 39% 76% 53% 46%


1966 7.16 BN 35% 77% 41% 34%


1968 7.24 BN 43% 96% 44% 36%


1972 7.29 BN 27% 71% 50% 42%


2004 7.51 BN 44% 91% 57% 47%


WY WYI


Water

Year

Type BearRiver YubaRiver


1946 7.7 BN 38% 86% 61% 52%


1936 7.75 BN 56% 94% 67% 59%


1957 7.83 AN 40% 84% 51% 43%


2003 8.21 AN 45% 92% 69% 59%


1928 8.27 AN 62% 107% 66% 59%


2005 8.49 AN 50% 88% 65% 57%


1954 8.51 AN 49% 90% 55% 47%


1993 8.54 AN 58% 94% 67% 60%


1973 8.58 AN 68% 100% 73% 66%


1978 8.65 AN 53% 84% 61% 54%


1940 8.88 AN 58% 93% 68% 60%


2000 8.94 AN 54% 89% 62% 54%


1922 8.97 AN 70% 101% 71% 66%


1980 9.04 AN 67% 109% 76% 68%


1951 9.18 AN 66% 120% 73% 61%


1975 9.35 W 62% 95% 60% 55%


1927 9.52 W 64% 102% 77% 69%


1953 9.55 W 47% 97% 64% 56%


1963 9.63 W 66% 116% 80% 70%


1943 9.77 W 64% 109% 78% 68%


1999 9.8 W 61% 101% 74% 65%


1986 9.96 W 69% 107% 79% 71%


1984 10 W 47% 106% 70% 59%


1965 10.15 W 61% 120% 80% 69%


1967 10.2 W 69% 106% 77% 70%


1996 10.26 W 66% 112% 75% 68%


1971 10.37 W 49% 97% 72% 63%


1970 10.4 W 65% 105% 74% 67%


2011 10.54 W 73% 109% 81% 73%


1997 10.82 W 63% 108% 81% 72%


1969 11.05 W 71% 104% 80% 73%


1942 11.27 W 68% 109% 79% 71%


1956 11.38 W 65% 118% 81% 71%


1941 11.47 W 66% 104% 76% 67%


1958 12.16 W 67% 102% 79% 72%


1952 12.38 W 75% 108% 80% 74%


1938 12.62 W 71% 107% 83% 76%


1982 12.76 W 75% 110% 86% 78%


1995 12.89 W 72% 105% 79% 73%


1974 12.99 W 71% 114% 82% 74%


2006 13.2 W 75% 114% 84% 76%


1998 13.31 W 72% 105% 78% 70%


1983 15.29 W 80% 109% 84% 78%























Figure 2.1‐10. Simulated Impaired Flows as a Percentage of Unimpaired Flows Ranked by Water Year
Index for the Sacramento River, Its Major Tributaries, and Eastside Tributaries to the Delta for
January–June—Errata
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Section 2.2.6.2  Yuba River

Thefinalparagraphstartingonp.2‐39waseditedtoread:


GroundwaterinteractionsarecomplexalongtheLowerYubaRiverastheyrespondtodroughts,


seasonalgroundwaterpumping,andmovementofstreamwaterintoandoutofthelarge


depositsofhydraulicminingsediment(Entrix2003).However,despitethosecomplexities,flow


intheLowerYubaRiverisdominatedbytheoperationsofNewBullardsBarReservoirand


diversionsatDaguerrePointDam.ReservoirstorageanddiversionsontheYubaRiverhave


greatlyreducedflowsontheLowerYubaRiverduringthespringmonths,havereducedwinter


peakflowsandhavereducedthevariabilityinmonthlyflows(Figure2.2‐15).Thewinter‐spring


YubaRiverimpairedflowasapercentageofunimpairedflowrangesfrom2318to8678


percentandislessthan5747percenthalfoftheyears.FlowsinallmonthsexceptSeptember


arealsosignificantlyreducedinsomeyears,butaregenerallyreducedinthewetseasonand


increasedinthedryseason(Table2.2‐12).


 




State Water Resources Control Board Errata


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
Errata‐5

Final


Figure2.2‐15wasupdatedasshownbelow:
















Figure 2.2‐15. Yuba River Simulated Current Conditions (gray) and Unimpaired (white) Monthly
Flows
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Table2.2‐12wasupdatedasshownbelow:


Table 2.2‐12. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in
Yuba River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 56 34 20 23 20 21 12 9 14 39 62 104 23 52 44


10% 63 47 35 31 29 27 18 27 60 129 151 166 33 91 52


20% 71 51 40 38 34 29 21 42 95 156 171 180 41 96 57


30% 77 60 45 44 38 33 22 49 114 196 179 191 46 99 61


40% 83 66 53 48 46 36 25 60 125 228 186 199 50 104 65


50% 93 74 58 60 52 43 28 68 135 254 202 213 57 115 68


60% 100 83 67 66 62 48 34 73 150 287 210 224 62 126 73


70% 108 94 72 76 69 57 38 79 159 314 221 239 72 138 78


80% 115 105 79 82 77 63 48 84 176 339 236 260 78 153 82


90% 132 128 96 88 84 72 57 88 196 376 260 289 80 171 84


100% 291 178 189 198 146 95 90 94 331 538 351 403 86 214 88





 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 35 28 17 21 18 18 10 8 10 26 37 82 18 43 34


10% 52 39 31 29 26 24 14 20 37 98 128 135 27 79 42


20% 58 44 36 34 31 25 17 30 67 116 140 150 33 82 47


30% 63 49 40 39 34 29 18 37 101 149 148 155 37 85 50


40% 70 56 46 42 39 33 19 45 104 168 157 163 42 87 55


50% 76 63 51 53 47 38 23 53 107 200 163 170 47 94 58


60% 82 69 58 59 56 42 25 60 112 218 171 177 55 105 64


70% 88 78 65 69 64 52 32 65 115 244 179 190 60 113 69


80% 93 90 71 73 70 57 40 72 124 267 186 200 68 125 72


90% 106 106 83 80 77 65 49 78 138 298 205 229 72 139 76


100% 196 131 140 185 129 79 73 84 226 387 269 269 78 173 79





Section 2.2.6.3  Bear River

Thesecondparagraphonp.2‐41waseditedtoreadasfollows:


ThehydrologyoftheBearRiverhasbeenextensivelyalteredthroughacomplexseriesofpower


diversionandstoragedams,exportsandimportsofwatertoandfromadjacentwatersheds,and


thefillingandsubsequentincisionofthehydraulicminingsedimentinthechannel(StateWater


Board1955;James1989;NID2008,2010,2011;NMFS2014b).Lowminimumflowreleases


fromCampFarWestReservoirduringmostoftheyeararethelargestimpactonanadromous


fishintheriver(NMFS2014b),withflowsfrequentlybelow2050percentofunimpairedin


winter‐springmonths(Table2.2‐13;Figure2.2‐16).
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Figure2.2‐16wasupdatedasshownbelow:
















Figure 2.2‐16. Bear River Simulated Current Conditions (gray) and Unimpaired (white) Monthly
Flows
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Table2.2‐13wasupdatedasshownbelow:


Table 2.2‐13. Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in Bear
River

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 18 15 16 12 9 8 8 10 11 10 30 30 16 22 24


10% 24 22 24 18 17 17 9 12 13 22 45 37 21 31 29


20% 27 26 29 25 23 29 11 13 14 25 54 40 28 37 33


30% 30 35 33 28 40 43 13 15 15 35 57 45 32 41 35


40% 33 38 37 34 53 58 20 19 17 41 63 50 37 44 39


50% 35 40 41 45 59 67 27 21 20 48 70 52 44 46 45


60% 40 46 49 58 68 71 44 24 22 57 79 55 50 51 50


70% 43 53 57 70 79 76 51 28 25 65 83 61 61 54 58


80% 45 57 67 78 83 82 61 34 34 77 92 68 66 58 61


90% 54 68 79 84 93 89 70 43 47 86 105 80 70 65 65


100% 75 151 103 95 101 98 92 56 80 133 191 140 80 85 74





 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Jan– 
Jun 

Jul– 
Dec 

Annual

Total


0% 31 28 24 16 15 24 24 33 48 55 94 65 37 40 53


10% 51 36 34 29 27 36 36 50 75 85 121 88 51 61 63


20% 55 48 42 36 38 61 42 67 82 93 140 105 68 70 71


30% 63 59 48 44 55 84 52 82 86 111 161 118 71 75 77


40% 71 66 58 55 74 95 62 89 92 124 179 133 77 84 83


50% 78 79 69 61 87 104 82 93 98 145 200 153 85 92 87


60% 87 84 78 85 97 108 92 97 104 162 225 183 92 99 91


70% 102 94 86 95 105 111 102 99 115 182 260 221 101 105 97


80% 112 112 97 103 108 113 113 110 147 207 295 242 107 117 101


90% 132 139 113 112 112 122 125 124 199 260 335 340 109 133 104


100% 305 378 144 135 138 142 210 232 299 300 406 592 120 175 128
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Section 2.4.6  Delta Outflow and X2

Table2.4‐4onpp.2‐78and2‐79wasupdatedtoreplacetheentriesfortheYubaRiverandBear


River,asshownbelow:


Table 2.4‐4. Simulated Unimpaired Contributions to Total Delta Outflow from Various Locations in
the Project Area (percent of Delta outflow)

Location Jan–Jun Jul–Dec AnnualTotal


SacramentoRiverbelowKeswick 17.4 27.7 19.7


SacramentoRiveratFreeport 61.2 77.1 64.8


CowCreekatConfluencewithSacramentoRiver 1.5 1.6 1.5


BattleCreekatConfluencewithSacramentoRiver 1 2 1.2


ButteCreeknearDurham 1.4 1.5 1.4


AntelopeCreekatConfluencewithSacramentoRiver 0.4 0.5 0.4


DeerCreek 0.8 0.9 0.8


MillCreek 0.7 1 0.8


PaynesCreek 0.2 0.2 0.2


ClearCreek 1.2 1.1 1.1


BigChicoCreek 0.4 0.4 0.4


FeatherRiveratConfluencewithSacramentoRiver 24.2 25.9 24.6


FeatherRiveraboveConfluencewithYubaRiver 15.1 17 15.5


YubaRiver 7.2 
8.3 

6.4 
7.6 

7

8.1


BearRiveratConfluencewithFeatherRiver 2.3 
1.3 

2.4 
1.4 

2.4

1.3


AmericanRiveratConfluencewithSacramentoRiver 9.7 6.7 9.1


MokelumneRiverabovetheconfluencewithCosumnes 2.4 1.3 2.2


CosumnesRiveratconfluencewithMokelumne 1.7 1 1.5


CalaverasRiver 0.5 0.3 0.4


StonyCreek 1.5 1.1 1.4


CottonwoodCreek 2 1.6 1.9


ThomesCreek 0.9 0.8 0.9


ElderCreek 0.2 0.2 0.2


CacheCreek 1.7 1 1.5


PutahCreek 1.2 0.8 1.1


SutterBypassOutflow 10.1 6.1 9.2


YoloBypass 9.6 5.1 8.6


SanJoaquinRiveratVernalis 22.7 15.9 21.2


DeltaOutflow 100 100 100
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Appendix A Modeling Approaches Used to Develop
Unimpaired Watershed Hydrology

FigureA‐5wasupdatedasshownbelow:



















Figure A‐5. Monthly Average Unimpaired Flow Components for Bear River
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FigureA‐27wasupdatedasshownbelow:














Figure A‐27. Monthly Average Unimpaired Flow Components for Yuba River
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TableA‐1onpp.A‐22andA‐26wasupdatedtoreplacetheentriesfortheYubaRiverandBear


River,asshownbelow:


Table A‐1. Average Annual Values per Water Year Type

UnimpairedFlowComponent All W AN BN D C


AmericanRiverInflow 2,609 4,264 3,082 2,213 1,643 945


AmericanRiverOutflow 2,580 4,213 3,050 2,187 1,625 939


AmericanRiverStreamGain/Loss ‐41 ‐67 ‐47 ‐35 ‐26 ‐15


AmericanRiverSurfaceRunoff 18 28 24 14 11 11


AntelopeCreekInflow 99 161 117 82 62 40


AntelopeCreekOutflow 113 176 132 97 76 51


AntelopeCreekStreamGain/Loss 13 13 13 14 14 10


AntelopeCreekSurfaceRunoff 1 2 1 1 1 1


BattleCreekInflow 347 494 375 302 267 211


BattleCreekOutflow 355 499 383 313 278 219


BattleCreekStreamGain/Loss 8 5 8 11 12 8


BearRiverInflow 628 
313 

933 
520 

738 
383 

554 
259 

451 
189 

304

106


BearRiverOutflow 671 
377 

1,007 
622 

793 
462 

583 
308 

473 
229 

323

139


BearRiverStreamGain/Loss ‐44 
‐23 

‐64 
‐37 

‐51 
‐27 

‐39 
‐19 

‐32 
‐14 

‐22

‐8


BearRiverSurfaceRunoff 34 46 40 27 26 27


BearRiverTributaryInflow 52 93 66 40 28 14


BigChicoCreekInflow 101 173 119 78 58 35


BigChicoCreekOutflow 100 173 118 78 58 35


i  i    i       


ButteCreekInflow 241 391 286 198 150 101


ButteCreekOutflow 397 629 472 326 251 188


ButteCreekStreamGain/Loss ‐14 ‐22 ‐16 ‐12 ‐9 ‐7


ButteCreekSurfaceRunoff 123 177 141 104 87 81


ButteCreekTributaryInflow 47 83 61 36 24 13


CacheCreekEvaporation 155 ‐151 ‐155 ‐155 ‐158 ‐160


CacheCreekInflow 444 731 524 349 274 190


CacheCreekOutflow 433 817 550 301 199 104


CacheCreekStreamGain/Loss ‐99 ‐196 ‐126 ‐66 ‐41 ‐18


CacheCreekSurfaceRunoff 48 74 62 37 28 28


CacheCreekTributaryInflow 195 365 251 132 91 50


CalaverasRiverInflow 150 279 183 120 69 32


CalaverasRiverOutflow 123 224 154 98 59 29


CalaverasRiverStreamGain/Loss ‐42 ‐80 ‐49 ‐34 ‐19 ‐9


CalaverasRiverSurfaceRunoff 8 11 10 6 5 5


l  i  i  fl       


ClearCreekInflow 324 522 424 244 202 138


ClearCreekOutflow 326 525 426 245 203 139




State Water
Resources
Control
Board
 Errata


Phase
 II
Update
of the
2006 Bay‐
Delta
 Plan

Scientific
Basis Report

Errata‐13

Final


UnimpairedFlowComponent All W AN BN D C


ClearCreekSurfaceRunoff 2 3 2 1 1 1


CosumnesRiverInflow 358 645 437 292 177 84


CosumnesRiverOutflow 433 771 532 351 219 116


CosumnesRiverStreamGain/Loss ‐2 ‐3 ‐2 ‐1 ‐1 0


CosumnesRiverSurfaceRunoff 45 68 55 34 29 27


CosumnesRiverTributaryInflow 32 60 42 26 15 5


CottonwoodCreekInflow 469 843 601 314 248 147


CottonwoodCreekOutflow 535 943 684 369 294 183


CottonwoodCreekStreamGain/Loss ‐9 ‐19 ‐12 ‐4 ‐2 ‐1


CottonwoodCreekSurfaceRunoff 76 119 95 59 48 37


CowCreekInflow 412 674 497 336 258 159


CowCreekOutflow 423 686 511 346 268 166


CowCreekStreamGain/Loss ‐7 ‐15 ‐9 ‐4 ‐2 ‐1


CowCreekSurfaceRunoff 18 28 23 14 12 9


DeerCreekInflow 228 370 260 185 146 100


DeerCreekOutflow 227 367 258 185 146 100


DeerCreekStreamGain/Loss ‐1 ‐3 ‐2 ‐1 0 0


DeltaAccretion 244 407 340 185 122 99


DeltaDepletion 365 ‐348 ‐355 ‐378 ‐369 ‐383


DeltaOutflow 28,456 45,026 33,592 23,857 18,540 12,510


DeltaTributaryInflow 28,596 44,985 33,626 24,069 18,807 12,816


ElderCreekInflow 67 117 91 45 36 22


ElderCreekOutflow 67 113 90 47 39 24


ElderCreekStreamGain/Loss 0 ‐4 ‐2 2 3 2


FeatherRiverInflow 4,275 6,894 4,850 3,516 2,816 1,829


FeatherRiverOutflow 6,999 11,109 8,041 5,857 4,674 3,046


FeatherRiverStreamGain/Loss ‐90 ‐244 ‐127 ‐26 5 20


FeatherRiverSurfaceRunoff 109 164 130 85 74 65


FeatherRiverTributaryInflow 2,693 4,315 3,185 2,254 1,745 1,096


MillCreekInflow 215 319 245 185 154 115


MillCreekOutflow 216 319 246 188 157 117


MillCreekStreamGain/Loss 2 0 1 2 3 2


MokelumneRiverInflow 740 1,178 875 646 479 288


MokelumneRiverOutflow 620 986 733 542 402 241


MokelumneRiverStreamGain/Loss ‐120 ‐192 ‐141 ‐104 ‐77 ‐46


NatomasEastMainDrainInflow 11 18 15 8 7 6


NatomasEastMainDrainOutflow 54 81 68 42 35 34


NatomasEastMainDrainSurfaceRunoff 38 58 49 29 24 23


  i  i  i  fl       


PaynesCreekInflow 52 88 60 43 31 16


PaynesCreekOutflow 60 97 69 51 40 23


PaynesCreekStreamGain/Loss 8 8 8 9 9 6


PutahCreekInflow 358 652 441 252 183 111
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UnimpairedFlowComponent All W AN BN D C


PutahCreekOutflow 319 578 396 225 161 99


PutahCreekStreamGain/Loss ‐48 ‐89 ‐57 ‐32 ‐26 ‐15


PutahCreekSurfaceRunoff 9 15 12 6 4 4


SacramentoRiverAccretion 506 1,136 689 256 126 0


SacramentoRiverDepletion 87 ‐190 ‐138 ‐36 ‐24 0


SacramentoRiverInflow 5,599 8,018 6,372 4,856 4,206 3,260


SacramentoRiverOutflow 18,447 26,725 21,859 16,499 13,467 9,445


SacramentoRiverStreamGain/Loss ‐253 ‐615 ‐372 ‐84 ‐9 ‐15


SacramentoRiverSurfaceRunoff 299 440 363 245 206 174


SacramentoRiverTributaryInflow 15,856 26,789 18,760 12,235 9,521 6,097


SacramentoRiverWeirs 3,559 ‐8,981 ‐3,919 ‐1,043 ‐616 ‐121


StonyCreekInflow 438 791 569 299 220 138


StonyCreekOutflow 410 740 534 279 207 131


StonyCreekStreamGain/Loss ‐31 ‐56 ‐38 ‐22 ‐16 ‐10


StonyCreekSurfaceRunoff 3 5 4 3 2 3


SutterBypassInflow 2,555 5,657 3,221 1,205 736 309


SutterBypassOutflow 2,596 5,639 3,256 1,274 809 390


SutterBypassStreamGain/Loss ‐67 ‐171 ‐90 ‐19 ‐5 3


SutterBypassSurfaceRunoff 109 153 125 88 78 79


ThomesCreekInflow 213 357 265 158 130 83


ThomesCreekOutflow 241 397 299 181 148 102


ThomesCreekStreamGain/Loss ‐21 ‐38 ‐26 ‐13 ‐10 ‐7


ThomesCreekSurfaceRunoff 48 77 61 36 28 26


YoloBypassInflow 2,329 5,659 2,354 828 571 257


YoloBypassOutflow 2,433 5,803 2,480 914 644 331


YoloBypassSurfaceRunoff 79 120 102 61 49 49


YoloBypassTributaryInflow 25 25 25 25 25 25


YubaRiverInflow 1,858 
2,166 

3,026 
3,428 

2,192 
2,538 

1,547 
1,836 

1,178 
1,436 

715

911


YubaRiverOutflow 1,998 
2,302 

3,265 
3,662 

2,361 
2,704 

1,653 
1,938 

1,260 
1,514 

766

960


YubaRiverStreamGain/Loss ‐22 
‐25 

‐36 
‐40 

‐26 
‐29 

‐18 
‐21 

‐14 
‐17 

‐8

‐11


YubaRiverSurfaceRunoff 16 23 19 12 11 11


YubaRiverTributaryInflow 146 252 176 112 85 48







State Water Resources Control Board Errata


Phase II Update of the 2006 Bay‐Delta Plan

Scientific Basis Report
Errata‐15

Final


TableA‐2onpp.A‐27wasupdatedtoreplacetheentryforBearRiver,asshownbelow:


Table A‐2. Average Stream Gain/Losses as Percentage of Rim Inflow by Tributary

Tributary StreamGain/LossasPercentageofInflow


AmericanRiver ‐1.6%


AntelopeCreek 13.1%


BattleCreek 2.3%


BearRiver ‐7.0%

‐7.3%


BigChicoCreek 0.0%


ButteCreek ‐5.8%


CacheCreek ‐22.3%


CalaverasRiver ‐28.0%


CosumnesRiver ‐0.6%


CottonwoodCreek ‐1.9%


CowCreek ‐1.7%


DeerCreek ‐0.4%


ElderCreek 0.0%


FeatherRiver ‐2.1%


MillCreek 0.9%


MokelumneRiver ‐16.2%


PaynesCreek 15.4%


PutahCreek ‐13.4%


SacramentoRiver ‐4.5%


StonyCreek ‐7.1%


SutterBypass ‐2.6%


ThomesCreek ‐9.9%


YubaRiver ‐1.2%









	Scientific Basis Report in Support of New and Modified Requirements for Inflows from the Sacramento River and its Tributaries and Eastside Tributaries to the Delta, Delta Outflows, Cold Water Habitat, and Interior Delta Flows
	Contents
	Tables and Figures
	Acronyms and Abbreviations

	Chapter 1 - Overview
	1.1 Introduction
	1.2 Final Draft Scientific Basis Report
	1.2.1 The Bay‐Delta Watershed
	1.2.2 Purpose and Need for Bay‐Delta Update
	1.2.3 Bay‐Delta Water Quality Control Planning Background
	1.2.4 The Delta Reform Act and Delta Flow Criteria Report
	1.2.5 Science and Technical Workshops to Inform Phase II

	1.3 Response to Comments on Working Draft Report
	1.3.1 Flow Requirements
	1.3.2 Adaptive Management
	1.3.3 Climate Change
	1.3.4 Water Temperature
	1.3.5 Non‐Flow Stressors
	1.3.6 New Science and Uncertainty

	1.4 Potential Modifications to the Bay‐Delta Plan
	1.4.1 Coordination with Other Science, Planning, and Regulatory Efforts
	1.4.2 Environmental Flows, Adaptive Management and Biological Goals
	1.4.3 Tributary Inflows
	1.4.4 Delta Outflows
	1.4.5 Cold Water Management
	1.4.6 Interior Delta Flows

	1.5 Next Steps

	Chapter 2 - Hydrology
	2.1 Introduction
	2.1.1 Natural and Unimpaired Flow
	2.1.2 Watershed Overview

	2.2 Hydrology of the Sacramento River and Major Tributaries
	2.2.1 Sacramento River
	2.2.2 Tributaries of Mount Lassen and Volcanic Buttes Region
	2.2.3 Tributaries of the Chico Monocline
	2.2.4 Tributaries of the Klamath Mountains
	2.2.5 Tributaries of the Paleochannels and Tuscan Formation
	2.2.6 Tributaries of the Northern Sierra Nevada
	2.2.7 Tributaries of Eastside of the Delta
	2.2.8 Tributaries of the Northern Coast Range, Northern
	2.2.9 Tributaries of the Northern Coast Range, Southern

	2.3 Flood Basins
	2.3.1 Butte Flood Basin
	2.3.2 Colusa Flood Basin
	2.3.3 Sutter Flood Basin
	2.3.4 American Flood Basin
	2.3.5 Yolo Flood Basin
	2.3.6 Sacramento Flood Basin

	2.4 Sacramento…San Joaquin Delta
	2.4.1 Delta Inflows
	2.4.2 Delta Hydrodynamics
	2.4.3 Delta Barriers
	2.4.4 Delta Cross Channel Gate Operations
	2.4.5 South Delta Exports and Old and Middle River Reverse Flows
	2.4.6 Delta Outflow and X2

	2.5 Suisun Region
	2.6 Drought
	2.7 Climate Change
	2.8 Conclusions

	Chapter 3 - Scientific Knowledge to Inform Fish and Wildlife Flow Recommendations
	3.1 Introduction
	3.2 Flow and the Ecosystem
	3.2.1 Riverine Flows
	3.2.2 Freshwater Flow and Estuarine Resources
	3.2.3 San Francisco Bay and Nearshore Coastal Ocean
	3.2.4 Interior Delta Flows and Entrainment

	3.3 Species‐Specific Analyses
	3.3.1 Updated Quantitative Analysis

	3.4 Chinook Salmon (Oncorhynchus tshawytscha) and Central Valley Steelhead (Oncorhynchus mykiss)
	3.4.1 Overview
	3.4.2 Life History
	3.4.3 Life History, Distribution, and Abundance Trends Over‐Time
	3.4.4 Dam and Reservoir Effects on Salmonids
	3.4.5 Flow Effects on Salmonids

	3.5 Longfin Smelt (Spirinchus thaleichthys)
	3.5.1 Overview
	3.5.2 Life History
	3.5.3 Population Abundance Trends Over Time
	3.5.4 Flow Effects on Longfin Smelt

	3.6 Green Sturgeon (Acipenser medirostris) and White Sturgeon (Acipenser transmontanus)
	3.6.1 Overview
	3.6.2 Life History
	3.6.3 Population Abundance Trends Over‐Time
	3.6.4 Flow Effects on Green and White Sturgeon

	3.7 Sacramento Splittail (Pogonichthys macrolepidotus)
	3.7.1 Overview
	3.7.2 Life History
	3.7.3 Population Abundance Trends Over Time
	3.7.4 Flow Effects on Sacramento Splittail

	3.8 Delta Smelt (Hypomesus transpacificus)
	3.8.1 Overview
	3.8.2 Life History
	3.8.3 Population Abundance Trends Over‐Time
	3.8.4 Flow Effects on Delta Smelt

	3.9 Starry Flounder (Platichthys stellatus)
	3.9.1 Overview
	3.9.2 Life History
	3.9.3 Population Abundance and Trends Over Time
	3.9.4 Flow Effects on Starry Flounder

	3.10 California Bay Shrimp (Crangon franciscorum)
	3.10.1 Overview
	3.10.2 Life History
	3.10.3 Population Abundance Trends Over‐Time
	3.10.4 Flow Effects on Bay Shrimp

	3.11 Zooplankton (Neomysis mercedis and Eurytemora affinis)
	3.11.1 Overview
	3.11.2 Life History
	3.11.3 Population Abundance and Trends Over Time
	3.11.4 Flow Effects on Zooplankton

	3.12 Nonnative Fish Species
	3.13 Conclusion

	Chapter 4 - Other Aquatic Ecosystem Stressors
	4.1 Introduction
	4.2 Physical Habitat Loss or Alteration
	4.2.1 Riparian Habitat and Open Channels
	4.2.2 Tidal Marsh Habitat
	4.2.3 Floodplain and Wetland Habitat

	4.3 Water Quality
	4.3.1 Contaminants
	4.3.2 Dissolved Oxygen
	4.3.3 Sediment and Turbidity
	4.3.4 Temperature
	4.3.5 Monitoring and Assessment

	4.4 Nonnative Species
	4.4.1 Fishes
	4.4.2 Invertebrates
	4.4.3 Aquatic Plants

	4.5 Fishery Management
	4.5.1 Harvest
	4.5.2 Hatcheries
	4.5.3 Unscreened Diversions

	4.6 Climate Change
	4.7 Summary

	Chapter 5 - Recommended New and Revised Flow Requirements
	5.1 Introduction
	5.1.1 Methods for Developing Environmental Flow Requirements

	5.2 Tributary Inflows
	5.2.1 Introduction
	5.2.2 Current Bay‐Delta Plan and D‐1641 Requirements
	5.2.3 Discussion
	5.2.4 Conclusion and Proposed Requirements

	5.3 Delta Outflow
	5.3.1 Introduction
	5.3.2 Current Bay‐Delta Plan, D‐1641 and Biological Opinion Requirements
	5.3.3 Discussion
	5.3.4 Conclusion and Proposed Requirements

	5.4 Cold Water Habitat Below Reservoirs
	5.4.1 Introduction
	5.4.2 Existing Cold Water Habitat Requirements
	5.4.3 Discussion
	5.4.4 Conclusion and Proposed Requirements

	5.5 Interior Delta Flows
	5.5.1 Introduction
	5.5.2 Discussion
	5.5.3 Delta Cross Channel Gate Closure
	5.5.4 Old and Middle River Reverse Flow Limits
	5.5.5 Export Limits
	5.5.6 Conclusion

	5.6 Updates to the Program of Implementation

	Chapter 6 - References Cited
	6.1 Literature Cited
	6.2 Federal Register Notices

	Appendix A - Modeling Approaches Used to Develop Unimpaired Watershed Hydrology
	A.1 Background
	A.2 Methods
	A.3 Results
	A.4 Citations

	Errata
	Typographical and Editorial Changes
	Updated Hydrological Model Results
	Chapter 2 Hydrology
	Appendix A Modeling Approaches Used to Develop Unimpaired Watershed Hydrology


