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	The following discussion presents a response to comments. The comments submitted did not change the findings or conclusions of the Draft SEIR. 
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	March 27, 2024
	MarianneKirklandSupervising Engineer Water Resources Specialist California Department of Water ResourcesP.O. Box 942836Sacramento, CA 942836-0001
	PULSE FLOWSCOMPONENTOF THE WATER STORAGEINVESTMENT PROGRAMGROUNDWATER PROJECTSDRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT REPORT SCH# 2022080216
	Dear Ms. Kirkland:
	The California Department of Fish andWildlife (CDFW) received a Notice of Availability ofa Draft Supplemental Environmental Impact Report (DSEIR)fromthe Department ofWater Resources(DWR)acting as a Responsible Agency onbehalf of the three (3) Groundwater Project Lead Agencies; Inland Empire Utilities Agency (IEUA), Groundwater Banking Joint Powers Authority(JPA)and Rosamond Community Services District(CSD)for the Projectpursuant the California Environmental Quality Act (CEQA) and CEQA Guidelines.DWR, as aRe
	1

	Thank you for the opportunity to provide comments and recommendations regarding thoseactivities involved in the Project that may affect California fish and wildlife. Likewise, we appreciate theopportunity to provide comments regarding those aspects of the Project that CDFW, by law, may be required to carry out or approve through the exercise of its ownregulatory authority under the Fish and Game Code.
	CDFW ROLE 
	CDFW is California’s Trustee Agencyfor fish and wildlife resources and holds those resources in trust by statute for all the peopleof the State. (Fish &G. Code, §§ 711.7,subd. (a) & 1802; Pub. Resources Code, §21070; CEQAGuidelines § 15386, subd. (a).) CDFW, in its trustee capacity, has jurisdiction over the conservation, protection, andmanagement of fish, wildlife, native plants,and habitat necessary for biologically sustainable populations of those species. (Id., § 1802.)  Similarly,for purposes of CEQA, 
	CDFW is also submitting comments as a Responsible Agencyunder CEQA. (Pub. Resources Code, § 21069; CEQA Guidelines, § 15381.) CDFW expects that it may need to exercise regulatoryauthority as provided by the Fish and Game Code. As proposed, for example, the Project may be subject to CDFW’s lake and streambedalteration regulatory authority. (Fish &G. Code, § 1600 et seq.)  Likewise, to the extent implementationof theProject as proposed may result in “take” as defined by State law of any species protectedunder
	PROJECT DESCRIPTION SUMMARY
	1 CEQAis codifiedin the California Public Resources Code in section 21000et seq.  The “CEQA Guidelines” are foundin Title 14 of theCalifornia Code of Regulations, commencing with section 15000.
	1 CEQAis codifiedin the California Public Resources Code in section 21000et seq.  The “CEQA Guidelines” are foundin Title 14 of theCalifornia Code of Regulations, commencing with section 15000.
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	MarianneKirkland, Supervising Engineer Water Resources Specialist California Department of Fish and WildlifeMarch 27, 2024Page2
	Proponent:DWRacting as a Responsible Agency onbehalf of the Lead Agencies; IEUA(Chino Basin),JPA(Kern Fan) andCSDDistrict (Willow Springs).
	Objective:The objective of the Pulse Flows Component of the Water Storage Investment Program (WSIP) Groundwater Projects (Pulse Flows Component)is to release pulse flows below Oroville Dam(Oroville)to aid fish migration for a public ecosystembenefit pursuant theWSIP requirements. The Pulse Flows Component provides waterin addition toany flows necessary to meet regulatory requirements and maintains the objective toimprove habitat conditions for listed salmonids, primarily spring-run Chinook salmon.The Pulse 
	ThePulse Flow Component is defined by the following DWR actions: (1)release ofthe pulse flows from below the Oroville Dam into the Low Flow Channel of the Feather River,with the goal of improving habitat conditions for listed salmonids, as well as improvingspawningand migration conditions for other listedand non-listednative fish species;(2)implementation of the WSIP Operational Exchange Process that develops water used for pulseflow releases; and(3)diversion and conveyance of water to Kern Fanand Willow Sp
	Implementation of the Pulse Flows Component willnot requireconstruction of any newfacilities in addition to those previously analyzed in the three WSIPGroundwater Projects’ EIRs.Existing facilities willbe used, with operations modified tosupport the pulse flow releases.DWR,in coordination with CDFW,willmake operational adjustments toreleasepulse flows from Oroville toachieve higher instream flows for the benefit ofnative juvenile salmonid out-migration. DWR willrelease pulse flows up to 100,000acre-feet fro
	Location:The Pulse Flows Component study areaanalyzed in this DSEIR extendsapproximately575 miles from the Oroville Damin Northern California to the WSIPGroundwater Projects in theSan Joaquin Valley and Southern California. Thepulse flowswill occuralong the Feather River fromdirectly downstream of Oroville to itsconfluence with the Sacramento River,along the Sacramento River throughtheSacramento-San Joaquin River Delta (Delta)and includes the SWPfacilities from theDelta to the three WSIP Groundwater Project
	COMMENTS AND RECOMMENDATIONS
	CDFW offers the comments and recommendations below to assistDWRacting as a Responsible AgencyandtheWSIP Groundwater ProjectLead Agenciesin adequately identifying and/or mitigatingthe Project’s significant,or potentially significant, direct and indirect impacts onfish and wildlife (biological) resources. 
	Lakeand Streambed Alteration Notification  
	The WSIP Groundwater Projects may individuallyhave CDFW regulatoryrequirements relatedto theLake and Streambed Alteration Program(LSA).CDFW requires an LSA Notification, pursuant to Fish and Game Code section 1600 et. seq., for any activity that may substantially divert or obstruct the natural flow; change or use material from the bed,channel, or bank (includingassociated riparian or wetland resources); or deposit or dispose of material where it may pass into a river, lake or stream.Work within ephemeral 
	S1-1
	P
	P
	.........................................................
	MarianneKirkland, Supervising Engineer Water Resources Specialist California Department of Fish and WildlifeMarch 27, 2024Page3
	streams, washes, watercourses with a subsurface flow, and floodplains are generally subjectto notification requirements.
	California Endangered Species Act
	The WSIP Groundwater Projects may individuallyhave CDFW regulatoryrequirements relatedto the California Endangered Species Act(CESA).Please be advised that a CESAPermit must be obtained if the Project has the potential to result in “take” of plants or animals listedunder CESA, either during construction or over the life of the Project. Issuance of a CESA Permit is subject to CEQA documentation; the CEQA document must specify impacts, mitigation measures, and a mitigationmonitoring and reporting program. If 
	https://www.wildlife.ca.gov/Conservation/CESA
	https://www.wildlife.ca.gov/Conservation/CESA


	Species of Special Concern
	S1-2
	Chapter 3, Section 3.6.3, page 3.6-17 to 3.6-18 of the DSEIR shouldbe updated toreflectthemost up to datedefinition forSpecies of Special Concern. CDFWrecommendsthe following definition:
	A Species of SpecialConcern (SSC)is a species, subspecies,or distinctpopulation of an animalnative to California that currently satisfies one or moreof thefollowing (notnecessarily mutually exclusive) criteria:is extirpated from the Stateor, in thecase ofbirds, is extirpated in its primary season orbreeding role; is listed as Federally-,butnotState-, threatened or endangered; meetstheStatedefinitionof threatened orendangeredbut has not formally beenlisted;isexperiencing, or formerly experienced,serious(nonc
	S1-3
	Water Storage Investment Program
	CDFW recommends expanding the description of theWater Storage Investment Project(WSIP) to clarify that Chapter 8 of Proposition 1 (Wat. Code, §§79750-79760) authorizes fundsto the California Water Commissiononly for public benefits associated with water storage projectsthat provide a net improvement in ecosystemand water quality conditions. Additionally, at least 50% ofthe public benefits provided by WSIP projects must beecosystem benefits.Thepulse flows analyzedin the DSEIR are the ecosystembenefits to bep
	Regulatory Releases
	The August 26, 1983 Agreement between the California Department of Water Resourcesand the California Department of Fish and Game (1983 Agreement) concerning the Operation of the Oroville Division of theState Water Project for Management of Fish andWildlife,is a regulatoryagreementfor management of fish and wildlife in the Feather Riverbelow the Thermalito Diversion Damand Thermalito Afterbay river outlet.The 1983 Agreement requires the maintenance ofa minimumflow of600 cubic feet per second (cfs)basedon pre
	S1-4
	S1-5
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	MarianneKirkland, Supervising Engineer Water Resources Specialist California Department of Fish and WildlifeMarch 27, 2024Page4
	elevations.CDFW recommends updatingChapter 1, Section 1.1.1 on page 1-3 toinclude the1983 Agreement in the list of Regulatory Releasesonbullet 6.Furthermore, CDFWrecommends additional language be added toPage 2-16of the DSEIR toindicate that thepulse flows component of theWater Storage Investment Program is in additionto the releases thatfacilitate the downstreammovement of juvenile salmon and steelheadin the April to JunePeriodof the 1983 Agreement(Page 3,Section 5 of the 1983Agreement). 
	Beneficial Uses
	Chapter 2, Section 2.3.5describes where SWP water goes once it reaches the Delta.CDFW recommends theDSEIR recognize that water is protectedfor agricultural beneficial uses in addition to fishand wildlife beneficial uses. 
	Delta Outflow
	Figure 2-6 showsa reduction in DeltaOutflow duringthe period of July –September.This is not consistent with Figure 2-7, which shows areduction in Oroville releases and a reduction in SWP exports, nor thenarrative inSection 2.5.2.Pulse flows provided by WSIPGroundwater Projects are intended to contribute toward Delta outflow in the spring. It is CDFW’s understanding that Delta outflow will notbe reducedduring the summer as part oftheexchange process.
	Pathogensand Reach Specific Survival 
	CDFW previously submitted a letterin response to the Notice of Preparationof the DSEIRdatedSeptember 23, 2022 (AttachmentA)andprovided thefollowing comment:
	“The NOPstatesfour aspectsofimproved conditionsprovided by pulse flow(s)(p.2), (1)flow-dependent habitat availability, by affecting wettedarea,depth,and velocity; (2)turbidity; (3)migrationcues for juvenile andadultanadromousfishes; and(4)watertemperature. The SEIR should also analyze and includea fifth condition; (5) reach specificsurvival inareas with high infectivity rate byin-riverpathogens like Ceratomyxa shasta.Pulse flows benefit both native andhatchery in-riverreleasedjuvenilesalmonidoutmigration by
	CDFW appreciates that DWRaddressedthis comment and incorporatedananalysisinto the DSEIRwith themost upto date and scientifically available information.
	BiologicalImpacts
	Chapter 3, Section 3.5.1, page 3.5-8 of the DSEIR includes the followingstatement:“Murphy and Weiland (2019) suggest that the low-salinity zone(LSZ) is not a reliable indicator of delta smelt habitat—andby extension, thedistribution of thespecies in the Delta—given that the species frequently occurs outside the zone, or that large partsof thezonedonot have delta smelt detections in regular monitoring.” CDFW recommends the DSEIR incorporateadditional information in regard to X2 and Delta Smelt (DS)abundance,
	Thisdetermination is basedonpublished literature including Brown and Dege 2004; IEPMAST 2015; Feyrer et al. 2007; Feyrer et al. 2011; Kimmerer 2004; Kimmerer et al. 2013; Moyle 2002; Sommer et al. 2011; Sweetnam 1999. CDFW relies onenvironmental proxies to inform the location of DS distribution due to low population size and rarity of catches in themonitoring efforts, as shown through the Fall Midwater Trawl (FMWT) index for DS, which hasdetectedzero (0) since 2018 (CDFW-FMWT, 2024). Since water year 2009(d
	-
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	MarianneKirkland, Supervising Engineer Water Resources Specialist California Department of Fish and WildlifeMarch 27, 2024Page5
	approximately 90% of the DS have been caught where the salinity was less than 6 practical salinity unit (psu)(upper bounds of what is consideredas LSZ) (CDFW-FMWT,2024). Furthermore, Komoroske,et.al. (2016)indicatesthat DS are able to survive in water with salinity higher than 6 psu,though their growth is likely to be inhibited atthese 
	S1-9 (cont.) 
	Artifact

	suboptimal conditions.
	CDFW believes Suisun Bay/Marsh provides the most suitable habitat for juvenile DS torear in during the fall, and maintaining the LSZ within this locationmaintainsthe salinity criteria within parameters that best supportDS growth and survival. The LSZ further upstream in the Sacramento and San Joaquin rivers does not provide good habitat in terms of turbidity andtemperature; therefore, maintainingX2 located more upstream than 80 km, as measured fromtheGolden Gate Bridge,during the fall would likely negativel
	ENVIRONMENTAL DATA 
	CEQA requires that informationdeveloped in environmental impact reports and negative declarations be incorporated into a database which may be used to make subsequent or supplemental environmental determinations. (Pub. Resources Code, § 21003, subd. (e).)Accordingly, please report anyspecial status species and natural communities detected duringProject surveys to the California Natural Diversity Database (CNDDB).The CNNDB 
	S1-10
	field survey form can be filledout and submitted onlineat the following link: . The types of information reported toCNDDB can be found at the following link: .
	https://wildlife.ca.gov/Data/CNDDB/Submitting-Data
	https://wildlife.ca.gov/Data/CNDDB/Submitting-Data

	and-Animals
	https://www.wildlife.ca.gov/Data/CNDDB/Plants
	-


	ENVIRONMENTAL DOCUMENTFILING FEES
	The Project, as proposed, would have an impact on fish and/or wildlife, andassessment of environmental document filingfees is necessary. Fees are payable upon filing of theNotice of Determination by theLead Agency and serve to help defray the cost of 
	S1-11
	environmental reviewby CDFW. Payment oftheenvironmental document filingfee is required in order for the underlying project approval to be operative, vested, and final. (Cal. Code Regs, tit. 14, §753.5; Fish & G. Code,§ 711.4; Pub. Resources Code, §21089.)
	CONCLUSION
	CDFW appreciates the opportunity to comment on the DSEIRto assistDWRin identifying and mitigating Project impacts on biological resources.
	Questions regarding this letter or further coordination should bedirected to Kristal-Davis-Fadtke,Environmental Program Manager at (916) 701-3226or .
	Kristal.Davis
	-
	Fadtke@wildlife.ca.gov


	Sincerely,
	Brooke JacobsWater Branch Chief
	cc:Office of Planning and Research, State Clearinghouse, SacramentoSCH# 2022080216
	ec:California Department of Water ResourcesDavid Okita, Special Consultant
	David.Okita@water.ca.gov
	David.Okita@water.ca.gov
	David.Okita@water.ca.gov
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	California Department of Fish and Wildlife
	Kristal Davis Fadtke, Environmental Program Manager
	Water Branch
	Kristal.Davis-Fadtke@wildlife.ca.gov
	Kristal.Davis-Fadtke@wildlife.ca.gov
	Kristal.Davis-Fadtke@wildlife.ca.gov


	Robert Stanley, Senior Environmental Scientist 
	Water Branch
	Robert.Stanley@wildlife.ca.gov
	Robert.Stanley@wildlife.ca.gov
	Robert.Stanley@wildlife.ca.gov


	Kathleen Miller, Attorney
	Office of General Counsel
	Kathleen.Miller@wildlife.ca.gov
	Kathleen.Miller@wildlife.ca.gov
	Kathleen.Miller@wildlife.ca.gov


	California Water Commission
	Joe Yun, Executive Officer
	Joseph.Yun@water.ca.gov
	Joseph.Yun@water.ca.gov
	Joseph.Yun@water.ca.gov


	Amy Young, WSIP Manager
	Amy.Young@water.ca.gov
	Amy.Young@water.ca.gov
	Amy.Young@water.ca.gov


	REFERENCES
	California Department of Fish and Wildlife. Fall Midwater Trawl(FMWT)Monthly Abundance Indices; 1967 to 2023.March 11, 2024..
	FMWT Indices (ca.gov)

	California Department of Water Resources and California Department of Fish and Game(1983).TheAgreement Concerning theOperationof theOroville Division ofthe State WaterProject for Management of Fish andWildlife. DWR-307.
	Brown, R. & Dege, M.(2004). InEarly Life History of Fishes in the San Francisco Estuary and Watershed: Proceedings ofthe Symposium Early Life History of Fishes in the San Francisco Estuary andWatershed Held in Santa Cruz, California, USA, 20-23August 2003(Vol. 39, pp. 49-65). American Fisheries Society.
	Kimmerer, W. (2004). Open water processes of theSan Francisco Estuary: from physical forcing to biological responses.San Francisco Estuaryand Watershed Science,2(1).
	Kimmerer, W. J., MacWilliams, M. L.,& Gross, E. S. (2013). Variation of fish habitat andextent of the low-salinity zone with freshwater flow in the San Francisco Estuary.SanFrancisco Estuary andWatershed Science,11(4).
	Komoroske, L. M., Jeffries, K. M., Connon, R. E., Davis, B.E., Britton, M. T., Sommer, T.,& Fangue, N. A. (2016). Effects ofhigh temperatures onthreatened estuarine fishes during periods of extreme drought.Journal of Experimental Biology,219(11), 1705-1716.
	Feyrer, F., Nobriga, M. L., & Sommer, T. R. (2007). Multidecadal trends for three decliningfish species: habitat patterns andmechanisms in the San Francisco Estuary, California, USA. Canadian Journal of Fisheries and Aquatic Sciences,64(4), 723-734.
	Feyrer, F., Newman, K., Nobriga, M., & Sommer, T. (2011). Modeling theeffects of future outflow onthe abiotic habitat ofan imperiled estuarine fish.Estuaries and Coasts,34, 120128.
	-

	MAST, I. (2015). An updated conceptual model of deltasmelt biology: our evolving understanding of an estuarinefish. Interagency Ecology Program.Management, Analysis, and Synthesis Team.
	P
	DocuSign Envelope ID: 587DE3B7-1175-41EE-B832-97A6D9877379
	MarianneKirkland, Supervising Engineer Water Resources Specialist California Department of Fish and WildlifeMarch 27, 2024Page7
	Moyle, P. B. (2002). Inland fishes of California: revised and expanded. Univ of CaliforniaPress.
	Murphy, D. D., & Weiland, P. S. (2019). The low-salinity zone in theSan Francisco Estuaryas aproxy for delta smelt habitat: A case study in the misuse of surrogates in conservation planning.Ecological indicators,105, 29-35.
	Sommer, T., Mejia, F. H., Nobriga, M. L., Feyrer, F., & Grimaldo, L. (2011). The spawningmigration of delta smelt in the upper San Francisco Estuary. San Francisco Estuary andWatershed Science,9(2), 16.
	Sweetnam, D. A. (1999). Status of delta smelt in the Sacramento-San Joaquin Estuary.California Fish and Game,85(1), 22-27.
	P
	P
	P
	P
	P
	P
	P
	P
	P
	Link

	P
	P
	P
	P
	P
	P
	•
	•
	•
	LBody

	•
	•
	LBody
	StyleSpan


	•
	•
	LBody

	•
	•
	LBody


	Footnote: 
	P
	StyleSpan
	StyleSpan

	P
	Species of Special Concern 
	P
	StyleSpan

	P
	Link

	P
	P
	StyleSpan
	StyleSpan

	P
	P
	P
	P
	P
	Link

	P
	P
	P
	StyleSpan
	StyleSpan

	P
	P
	•Regulatory Releases: 
	StyleSpan

	P
	P
	P
	P
	Link

	P
	P
	StyleSpan
	StyleSpan
	StyleSpan
	StyleSpan

	P
	P
	P
	L
	LI
	Lbl
	LBody
	StyleSpan


	LI
	Lbl
	LBody


	P
	P
	P
	P
	Link

	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	Link

	P
	P
	Thanks very much, Luisa and team. DWR appreciates your time in review.Marianne KirklandDWR 
	From:Sent: Wednesday,March27, 2024 1:27 PMTo:Cc:Subject: Pulse Flows Component ofthe Water Storage Investment Program (WSIP) Groundwater Projects 
	 Lopez, Luisa@DOT <Luisa.Lopez@dot.ca.gov> 
	 Kirkland,Marianne@DWR <Marianne.Kirkland@water.ca.gov>
	Patel, Janki@DOT <Janki.Patel@dot.ca.gov>; Mendoza, Lupita@DOT <Lupita.Mendoza@dot.ca.gov>

	Dear Marianne, 
	Thank you forincluding California Department of Transportation in the review processfor the PulseFlowsComponent of the WaterStorageInvestmentProgram(WSIP) Groundwater Projects We havereviewed the document/proposal/information andcurrentlydonothave any comments.
	Please provideour office with copies of any further actions regarding this proposal. We 
	S2-1
	would appreciate the opportunity to review and comment on any changes related to this development.
	Should you have questions please contact me, Local Development Review Coordinator at HQ, by phone (279) 789-2085 or via email at 
	luisa.lopez@ddot.ca.gov
	luisa.lopez@ddot.ca.gov


	Thank you,
	Luisa Lopez
	Local Development Review Branch Office of Regional andCommunityPlanning (279)789-2085
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	3.4 Hydrology and Water Quality 
	the geographic areas analyzed in this section (see Section 3.4.1). Implementation of the Pulse Flows Component would not require construction of any new facilities in addition to those previously analyzed in the three WSIP Groundwater Projects’ EIRs. Existing facilities would be used, with operations modified to support the pulse flow releases. Therefore, the impact analysis does not evaluate construction impacts, but rather focuses on short- and long-term direct and indirect operational impacts compared to
	This impact analysis incorporates the approach described in Section 3.2, “Approach to Evaluate Impacts of the Pulse Flow Releases,” to discern reasonably foreseeable changes in existing conditions attributable to implementation of the Pulse Flows Component. Specifically, the model evaluated changes in hydraulic conditions including water levels (feet), velocity (feet per second), and inundation extent (percent) from the pulse flow compared to existing conditions. Outputs of these simulations were then used 
	Impacts and Mitigation Measures 
	Table 3.4-8 summarizes the impact conclusions presented in this section for easy reference. 
	NOTES: NI = No Impact; LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2023. 
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	3.5 Biological Resources–Aquatic 
	The species in the table are generally identified in the following order: (1) State-listed or federally listed species that occur in the Feather River; (2) State species of special concern or federal species of concern that occur in the Feather River; (3) State-listed or federally listed species that occur in the Delta; and (4) recreationally or commercially important species, regardless of distribution. Spring-run Chinook salmon have the greatest potential to be affected by implementation of the Pulse Flow
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.5 Biological Resources–Aquatic 
	NOTES: Delta = Sacramento–San Joaquin Delta; DPS = distinct population segment; ESU = evolutionarily significant unit 
	Species are identified in the following general order: (1) State-listed or federally listed and occur in the Feather River; (2) State species of special concern or federal species of concern and occur in the Feather River; (3) State-listed or federally listed and occur in the Delta; and 
	(4) recreationally or commercially important regardless of distribution. 
	1 Status: FC = federal candidate for listing under the Endangered Species Act; FE = federally listed as endangered under the Endangered Species Act; FT = federally listed as threatened under the Endangered Species Act; SC = federal species of concern; SE = State-listed as endangered under the California Endangered Species Act; SSC = State species of special concern; ST = State-listed as threatened under the California Endangered Species Act. 
	2 Species of importance because of existing regulatory management that limits commercial or recreational harvesting. 3 The “area of analysis” for special-status fish species refers only to those areas affected by pulse flows within the species’ range and 
	includes the Feather River from the Fish Barrier Dam downstream to the Delta. 4 Species uses the river/Delta for spawning. 5 Species uses the river/Delta for rearing and migration. 6 Species uses the river/Delta year-round for all life stages. 
	SOURCES: California Department of Fish and Wildlife 2019; Moyle et al. 2015; Shilling et al. 2014:15–46. 
	Spring-Run Chinook Salmon 
	Historically, the Central Valley spring-run Chinook salmon evolutionarily significant unit (ESU) in the Sacramento River Basin was found in the upper and middle reaches (1,000–6,000 feet in elevation) of the American, Yuba, Feather, Sacramento, McCloud, and Pit rivers, as well as in smaller tributaries of the upper Sacramento River below Shasta Dam (National Marine Fisheries Service 2009). Naturally spawning populations of spring-run Chinook salmon are currently restricted to accessible reaches of the upper
	Juvenile spring-run Chinook salmon rear in natal tributaries, the Sacramento River mainstem, and non-natal tributaries to the Sacramento River. Spring-run Chinook salmon may migrate downstream as young-of-year, juveniles, or yearlings. Juvenile emigration from the Feather River generally occurs from mid-November through June, with peak emigration occurring from January through March. Rotary screw trap data for 1998–2000 documented emigration of Central Valley spring-run Chinook salmon from the Feather River
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.5 Biological Resources–Aquatic 
	NOTES: LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates and ICF in 2024. 
	Impact 3.5-1: Implementation of the Pulse Flows Component would have a substantial adverse effect, either directly or through habitat modifications, on any species identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or regulations, or by CDFW, NMFS, or USFWS. 
	Summary of the Pulse Flows Component 
	As described in Chapter 2, “Description of the Pulse Flows Component,” the Pulse Flows Component would provide ecosystem benefits on behalf of the WSIP Groundwater Projects that would improve habitat and migratory capacity for several native fish species through the release of pulse flows from Lake Oroville. DWR would make each pulse flow release, in an amount that is greater than regulatory releases and other contractual obligations. 
	As described in Section 2.4.1, “Description of Potential Pulse Flow Releases,” CDFW may request a pulse flow volume ranging from 5,000 af to the full 100,000 af developed by the WSIP Groundwater Projects. Pulse flows would be released from Lake Oroville in March, April, May, and/or June in critically dry, dry, below-normal, and above-normal water year types, with a ramp-down estimated to occur over a period of several days to several weeks such that flow in the river (base flow plus pulse flow) conforms to 
	As described in Section 3.2.1, “Conservative Pulse Flow Release Scenario,” this Draft SEIR analyzes a conservative pulse flow release scenario defined by a maximum flow of 10,000 cfs released over a short duration in spring (a few days in March, April, May, or June) of critically dry or above normal water years. The maximum pulse flow of 10,000 cfs is conservatively analyzed in this document to occur about once in three years. 
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	Sensitive Natural Communities Sensitive habitats in the study area include areas of special concern to resource agencies, areas protected under CEQA, areas designated as sensitive natural communities by the California Department of Fish and Wildlife (CDFW), areas outlined in Section 1600 of the California Fish and Game Code, areas regulated under Section 404 of the federal Clean Water Act, and areas protected under local regulations and policies. California natural communities are defined by CDFW and partne
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	Impacts and Mitigation Measures 
	Table 3.6-3 summarizes the impact conclusions presented in this section for easy reference. 
	NOTES: NI = No Impact; LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2022. 
	Impact 3.6-1: Implementation of the Pulse Flows Component would have a substantial adverse effect, either directly or through habitat modifications, on any species identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or regulations, or by the California Department of Fish and Wildlife or U.S. Fish and Wildlife Service. 
	As described in Chapter 2, “Description of the Pulse Flows Component," the Pulse Flows Component would provide ecosystem benefits on behalf of the WSIP Groundwater Projects that would improve habitat and migratory capacity for several native fish species through the release of pulse flows from Lake Oroville. DWR would make each pulse flow release, in an amount that is greater than regulatory releases and other contractual obligations. As described in Section 2.4.1, “Description of Potential Pulse Flow Relea
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	3.7 Cultural Resources 
	Human Remains 
	Human remains, including those buried outside of formal cemeteries, are protected under several State laws, including PRC Section 5097.98 and California Health and Safety Code Section 7050.5. For the purposes of this analysis, intentional disturbance, mutilation, or removal of interred human remains without following the notification and consultation procedures outlined in PRC Section 5097.89 and California Health and Safety Code Section 7050.5 would be a significant impact. 
	Impacts and Mitigation Measures 
	Table 3.7-1 summarizes the impact conclusions presented in this section for easy reference. 
	NOTES: LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2022. 
	Impact 3.7-1: Implementation of the Pulse Flows Component could cause a substantial adverse change in the significance of a historical resource pursuant to State CEQA Guidelines Section 15064.5. 
	Evaluations of California Register eligibility have previously occurred for many architectural resources in the Pulse Flows Component location, although numerous other architectural resources present in the area have not been evaluated for California Register eligibility. As a result, for the purposes of this analysis, all architectural resources in the Pulse Flows Component location that have not been previously evaluated as ineligible for the California Register are treated as potentially eligible for the
	As presented in Section 3.4, “Hydrology and Water Quality” (Impact 3.4-1), and as detailed in Appendix B, water levels and velocity under the conservative pulse flow release scenario would remain within the typical range of hydrologic variability experienced in the system. While inundation extent associated with spring pulse flow releases may be increased as compared to typical spring conditions, the overall degree of inundation remains within the typical range of hydrologic variability. Additionally, reduc
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	SOURCE: DWR 2022 
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.9 Energy and Greenhouse Gas Emissions 
	NOTES: NI = No Impact; LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2022. 
	Impact 3.9-1: Implementation of the Pulse Flows Component would result in a potentially significant environmental impact due to wasteful, inefficient, or unnecessary consumption of energy resources, during project operation. 
	Implementation of the Pulse Flow Component would result in a change in operations of the SWP, including the Oroville Complex, the Banks Pumping Plant, San Luis Reservoir and the California Aqueduct with an associated change in hydropower generation and energy use. The following describes these changes: 
	(1) 
	(1) 
	(1) 
	The release of the pulse flows would bypass the Thermalito Pumping-Generating Plant because the flow would be routed directly to the Low Flow Channel of the Feather River, resulting in a reduction in SWP power generation. DWR estimated the power generation loss of a pulse of 98 taf using the year 2020 as an example. The analysis shows that there would be a reduction in 8,900 megawatt-hours (MWh). This is compared to the average hydropower generation of 2.2 million MWh for the Oroville Complex (California De

	(2) 
	(2) 
	The spring pulse flow release would result in a shift of power generation at the Hyatt Powerplant from summer to spring. This action would not significantly change the amount of energy generated but has the potential to reduce power generation during peak summer demand periods. The amount of Hyatt Powerplant generation during the pulse flow is approximately 50,000 MWh for the 2020 scenario (California Department of Water Resources 2022b). 

	(3) 
	(3) 
	The spring pulse flow release would reduce the coldwater pool in Lake Oroville, which could cause the river valves at the base of Oroville Dam to be used for coldwater management in the Feather River. The use of the river valves in the dam would bypass the Hyatt Powerplant generation units. The need to use the river valves is dependent on the need to provide additional cold water to meet temperature requirements in the Feather River. The use of the river valves is unpredictable and they are not used every y

	(4) 
	(4) 
	There would be a reduction in Banks Pumping Plant pumping and California Aqueduct pumping, due to Table A water effectively being delivered to the Partner Contractors from the three WSIP Groundwater Projects instead of the SWP. There would be an increase in 
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.10 Recreation 
	NOTES: NI = No Impact; LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2022. 
	Impact 3.10-1: Implementation of the Pulse Flows Component would increase the use of existing neighborhood and regional parks or other recreational facilities such that substantial physical deterioration of the facility would occur or be accelerated. 
	As described in Section 2.4.1, “Description of Potential Pulse Flow Releases,” CDFW may request a pulse flow volume ranging from 5,000 af to the full 100,000 af developed by the WSIP Groundwater Projects. Pulse flows would be released from Lake Oroville in March, April, May, and/or June in critically dry, dry, below-normal, or above-normal water year types, with a ramp-down estimated to occur over a period of several days to several weeks such that flow in the river (base flow plus pulse flow) conforms to T
	The WSIP Groundwater Projects would develop water for the spring pulse flow release, resulting in reduced summer flow (July through September) from Lake Oroville, known as the Recovery Period, to replace the volume of SWP water reduced by a pulse flow release. Releases during the Recovery Period would continue to meet flow and temperature requirements for the Feather River (described in detail in Section 3.4.3, under the subheading Biological Opinions for Oroville Operations). 
	Changes in water levels, velocity, and inundation extent resulting from the pulse flow releases and the Recovery Period would occur primarily in the Low and High Flow channels of the Feather River (see Appendix B). Both the increased water levels during the pulse flows and the reduced water levels during the Recovery Period have the potential to affect recreational resources within and adjacent to the river. These impacts could include inundation of beaches (e.g., Riverbend Park) or trails (e.g., Brad Freem
	The conservative pulse flow release scenario was simulated using a hydrodynamic HEC-RAS model of the Feather and Sacramento rivers to contextualize how the pulse flow release conditions compare to existing conditions. As presented in Section 3.4, “Hydrology and Water 
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.11 Geology and Soils 
	Sacramento Valley Region 
	Delta Region 
	SOURCES: Dundas et al. 1996; Gutierrez 2011; Helley and Harwood 1985; Helley et. al 1979; Saucedo and Wagner 1992; The Paleontology Portal n.d.; University of California Museum of Paleontology 2021; Jefferson 1991a, 1991b; Wagner et al. 1991. 
	Low Flow and High Flow Channel of the Feather River 
	Both the Low Flow Channel of the Feather River and the High Flow Channel are in the Sacramento Valley. The Sacramento Valley comprises the northern half of the Central Valley, which is one of the most productive agricultural areas in the world; more than half of the fruits, vegetables, and nuts grown in the United States come from the Central Valley. Surface soils of the Sacramento Valley include alluvial and aeolian soils. The alluvial soils include calcic brown and noncalcic brown alluvial soils on deep a
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.11 Geology and Soils 
	Impacts and Mitigation Measures 
	Table 3.11-2 summarizes the impact conclusions presented in this section for easy reference. 
	NOTES: NI = No Impact; LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2023. 
	Impact 3.11-1: Implementation of the Pulse Flows Component would result in substantial soil erosion or the loss of topsoil. 
	As described in Chapter 2, “Description of the Pulse Flows Component,” the Pulse Flows Component would provide ecosystem benefits on behalf of the WSIP Groundwater Projects that would improve habitat and migratory capacity for several native fish species through the release of pulse flows from Lake Oroville. DWR would make each pulse flow release, in an amount that is greater than regulatory releases and other contractual obligations. 
	As described in Section 2.4.1, “Description of Potential Pulse Flow Releases,” CDFW may request a pulse flow volume ranging from 5,000 af to the full 100,000 af developed by the WSIP Groundwater Projects. Pulse flows would be released from Lake Oroville in March, April, May, and/or June in critically dry, dry, below-normal, and above-normal water year types, with a ramp-down estimated to occur over a period of several days to several weeks such that flow in the river (base flow plus pulse flow) conforms to 
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	3. Environmental Setting, Impacts, and Mitigation Measures 
	3.12 Agriculture and Forestry Resources 
	This impact analysis incorporates the approach described in Section 3.2, “Approach to Evaluate Impacts of the Pulse Flow Releases” to discern reasonably foreseeable changes in existing conditions attributable to implementation of the Pulse Flows Component. The modeling results presented in Section 3.4, “Hydrology and Water Quality” and detailed in Appendix B were also considered. 
	Impacts and Mitigation Measures 
	Table 3.12-1 summarizes the impact conclusions presented in this section for easy reference. 
	NOTES: LTS = Less than Significant. SOURCE: Data compiled by Environmental Science Associates in 2023. 
	Impact 3.12-1: Implementation of the Pulse Flows Component would convert Prime Farmland, Unique Farmland, or Farmland of Statewide Importance (Farmland), as shown on the maps prepared pursuant to the Farmland Mapping and Monitoring Program of the California Resources Agency, to non-agricultural use. 
	As described in Section 2.4.1, “Description of Potential Pulse Flow Releases,” CDFW may request a pulse flow volume ranging from 5,000 af to the full 100,000 af developed by the WSIP Groundwater Projects. Pulse flows would be released from Lake Oroville in March, April, May, and/or June in critically dry, dry, below-normal, or above-normal water year types, with a ramp-down estimated to occur over a period of several days to several weeks such that flow in the river (base flow plus pulse flow) conforms to T
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	NOTICE OF PREPARATION 
	Draft Supplemental Environmental Impact Report for the Pulse Flows Component of the Water Storage Investment Program Groundwater Projects 
	Date:To: Public Agencies and Interested Parties Subject:Notice of Preparation of a Draft Supplemental Environmental Impact Report Project Title: Pulse Flows Component of the Water Storage Investment Program Groundwater Projects 
	Introduction 
	The three independent Water Storage Investment Program (WSIP) projects referenced in the title of this NOP are the: 
	1) Chino Basin Program (The Inland Empire Utilities Agency) 
	Kern Fan Groundwater Storage Project (The Groundwater Banking Joint Powers Authority, comprised of the Rosedale-Rio Bravo Water Storage District and Irvine Ranch Water District), and 
	3) Willow Springs Water Bank Project (Rosamund Community Services District) 
	Collectively, these three projects will be referred to as the "WSIP groundwater projects." 
	The lead agencies (indicated in parentheses above) previously completed the CEQA review process for each of the WSIP groundwater projects. The projects involve groundwater storage and water exchange to enable pulse flows in the Feather River Watershed from Oroville Dam. 
	The California Department of Water Resources (DWR) will prepare a Supplemental Environmental Impact Report (SEIR) to supplement the existing environmental review for these three WSIP groundwater projects and to provide CEQA coverage for DWR's proposed action to facilitate a portion of the three projects: the Pulse Flows Component of the WSIP Groundwater Projects (Pulse Flows Component). 
	DWR, California Department of Fish and Wildlife (CDFW), and the State Water Resources Control Board (State Water Board) are responsible agencies (and/or trustee agency, in the case of CDFW) pursuant to CEQA for the WSIP groundwater projects. DWR, in conjunction with CDFW, will prepare the SEIR to analyze the environmental impacts of the Pulse Flows Component, and will conduct the associated CEQA public review process. 
	Water Storage Investment Program Background 
	WSIP is a $2.7 billion program for investments in water storage projects in California that was approved by voters in as part of Proposition l. Storage projects eligible for WSIP funding include expanding 
	The Willow Springs Water Bank Project was formerly known as the Antelope Valley Water Bank Project. 
	The Willow Springs Water Bank Project was formerly known as the Antelope Valley Water Bank Project. 

	P
	DocuSign Envelope ID: 2D21E743-DF56-4250-9EAF-CA9F1A335348 
	existing reservoirs, increasing groundwater storage, and building modern surface storage facilities. WSIP directs the California Water Commission to administer the program and distribute funding to potential projects through a competitive public process based on the projects' ability to deliver defined public benefits, including ecosystem improvements, water quality improvements, flood control benefits, emergency response, and recreation. After a rigorous review process, the California Water Commission awar
	The WSIP groundwater projects provide ecosystem benefits that will aid fish migration through the release of pulse flows from Lake Oroville by DWR. A "pulse flow" is an amount of water released above all regulatory requirements, creating flowrates for a specified period that exceed those that would have otherwise occurred. Generally, pulse flows would provide improved conditions related to (1) flow­dependent habitat availability, by affecting wetted area, depth, and velocity; (2) turbidity; {3) migration cu
	The WSIP groundwater projects would store new water supplies in groundwater facilities and distribute those supplies to partner contractors, for use in lieu of a portion of their deliveries from DWR's State Water Project {SWP) from Lake Oroville. SWP water that would have been released from Lake Oroville for deliveries to the partner contractors would be used for the pulse flows. The WSIP groundwater projects are independent of each other, and DWR would make pulse flow releases based on water made available
	The three WSIP groundwater projects' environmental documentation evaluated the impacts associated with construction and operation of the WSIP groundwater projects and are available at the following locations: 
	• 
	• 
	• 
	Chino Basin Program (State Clearinghouse [SCH] #2021090310): 
	­
	https://www.ieua.org/chino

	basin-program-cega-documents/. 


	• 
	• 
	Kern Fan Groundwater Storage Project (SCH #2020049019): 
	.kernfa n/ envi ronmenta I-review/ 
	https://www 
	project.com



	• 
	• 
	Willow Springs Water Bank Project (SCH #2005091117): 
	https://aguiferpumpedhydro.com/eir 
	https://aguiferpumpedhydro.com/eir 




	The following description of the Pulse Flows Component details the pulse flow releases from Lake Oroville to aid fish migration as one of the benefit requirements of the WSIP groundwater projects. 
	Description of the Pulse Flows Component of the WSIP Groundwater Projects 
	The Pulse Flows Component of the WSIP groundwater projects, the subject of the SEIR DWR will prepare, would provide additional dedicated flows from Oroville Dam for fish enhancement for three WSIP groundwater projects that propose local supply improvements in their respective service areas in southern California. 
	To help achieve a return on the public funding they received, the WSIP groundwater projects would exchange water with the SWP to generate benefits for fish native to the Sacramento-San Joaquin Delta (Delta). The Pulse Flows Component of the WSIP groundwater projects would not involve construction; 
	2 
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	rather, DWR in coordination with CDFW would make operational adjustments. DWR would release pulse flows from Lake Oroville at ecologically important times, to achieve higher instream flows for the benefit of native juvenile salmon id out-migration. In their applications for WSIP funding to the California Water Commission, the Chino Basin Program and Willow Springs Water Bank Project demonstrated improved emigration of juvenile Chinook Salmon, and the Kem Fan Groundwater Storage Project demonstrated benefits
	Through collaboration and adaptive management, in years selected based on environmental conditions and input from CDFW, DWR would release pulse flows of up to 100,000 acre-feet from Lake Oroville over a period of several days or weeks, as requested and as feasible. Volumes used for pulse flows at any given time will be limited by the amount of water stored specifically for this ecosystem purpose by one or more of the WSIP groundwater projects and available for exchange with SWP supplies stored in 
	Lake Oroville. 
	Based on modeling, some level of pulse flow releases from Lake Oroville are projected to occur sporadically over a term of approximately 50 years, typically between March and May. The estimated term of the Chino Basin Program is 25 years. After the Chino Basin Program completes its contribution to environmental benefits, the water supplies available for pulse flows would be from the remaining two WSIP groundwater projects only. The pulse flows would not exceed the typical range of operational flows resultin
	DWR would use this SEIR for CEQA coverage for any approvals needed for the WSIP groundwater projects, including for any agreements and water right changes needed for their implementation. For example, DWR is developing an agreement with CDFW to specify the criteria for the timing and volume of the pulse flow releases. The pulse flow releases from Lake Oroville would be in addition to releases necessary to meet regulatory requirements, as required by Proposition 1. DWR is also developing agreements with the 
	Pulse Flows Component Location 
	The pulse flows component area, shown in Figure 1, extends along the Feather River (extending 0.5 mile from each bank of the river) from directly downstream of the Oroville Dam to its confluence with the Sacramento River (extending 0.5 mile from each bank of the river). It then follows the Sacramento River (extending 0.5 mile from each bank of the river) downstream of the Oroville Dam to the Delta, continues through the Delta and Suisun Marsh, and includes the SWP facilities from the Delta to the three WSIP
	3 
	3 
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	Pulse Flows Component Objectives 
	The objectives of the Pulse Flows Component are as follows: 
	• 
	• 
	• 
	Provide for releases of pulse flows from Lake Oroville to facilitate fish migration without detrimentally affecting operation of the SWP, including water supply deliveries to SWP contractors. These pulse flows are in addition to any flows required by regulatory permits. 

	• 
	• 
	Enhance conditions for salmonid and other fish species below Lake Oroville and farther downstream, especially during drier water year types. 


	Purpose of the Supplemental Environmental Impact Report 
	As explained in CEQA Guidelines Section 15163, a SEIR may be prepared when only minor additions or changes would be necessary to make the previously certified EIR adequately apply to the project in the changed situation. The SEIR needs to contain only the information necessary to make the previous CEQA documents adequate for the project as revised. Here, the changed situation is DWR refining the Pulse Flows Component originally proposed by the WSIP groundwater projects. When the CEQA lead agencies for the W
	The SEIR will analyze environmental resources that may be affected by the Pulse Flows Component and will include regional setting information, regulatory background, identified thresholds of significance, an impact analysis, appropriate mitigation measures or alternatives to avoid or reduce any significant effects where feasible, and significance conclusions, as well as an assessment of project alternatives and cumulative and growth-inducing effects. 
	As stated above, the existing CEQA documents for the three WSIP groundwater projects evaluated the impacts of construction and operations of the WSIP groundwater projects, including local storage and management of exchange water, but could not provide a detailed analysis of the changes to SWP operations necessary to complete water exchanges, nor the release of the pulse flows from Lake Oroville. Thus, this SEIR will supplement the existing CEQA documents previously prepared for the three WSIP groundwater pr
	Potential Environmental Effects 
	The SEIR will describe and analyze the potential environmental effects-both cumulative and project specific-of the Pulse Flows Component. It will summarize environmental issues for which potential impacts of the Pulse Flows Component are anticipated to be adequately addressed in the WSIP groundwater projects' environmental documentation, or for which the Pulse Flows Component is anticipated to have no impact(s): aesthetics; agriculture and forestry resources; growth inducement; land use; noise; population a
	4 
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	CEQA Scoping Meeting 
	DWR will host a virtual public scoping meeting to provide a brief presentation on the Pulse Flows Component with time for public comments on the scope and content of the SEIR. The scoping meeting will be held via remote teleconference on the Zoom platform on Monday, August 22nd, 2022 at 4:00 
	p.m. Please register in advance of the meeting at the following link: . Registration will be open until the start of the meeting on August 22nd, 2022. 
	https:// us02web.zoom. us/meeting/register /tZ0lfuiorT go EtP Ngbicna o 7Tlma Ff D7 n IR

	Written Comments 
	DWR is circulating this notice to solicit the views of interested persons, organizations, agencies, and California Native American Tribes, regarding the scope and content of the environmental information in connection with the Pulse Flows Component. The primary purpose of the scoping process is to identify important issues raised by the public, Tribal Governments, and responsible and trustee public agencies related to the issuance of regulatory permits and authorizations and natural resource protection. Wri
	As required by the CEQA Guidelines, within 30 days after receiving the Notice of Preparation, each responsible agency and trustee agency shall provide DWR with specific detail about the scope, significant environmental issues, reasonable alternatives, and mitigation measures related to each responsible or trustee agency's area of statutory responsibility that should be explored in the SEIR. In their responses, responsible and trustee agencies should indicate their respective level of responsibility for the 
	This Notice of Preparation will be circulated for a 30-day public notice period beginning August 10, 2022, and ending September 9, 2022. At the end of the public notice period, DWR will consider all written comments received from interested persons, organizations, agencies, and Tribal Governments, in preparing the environmental analysis. 
	Written comments on the scope of the SEIR are due no later than 5 p.m. on September 9, 2022. Please submit your written comments via mail or email to: 
	Marianne Kirkland 
	California Department of Water Resources 
	P .0. Box 942836 
	Sacramento, CA 94236-0001 
	Email address: 
	PulseFlowsComponent@water.ca.gov 

	If comments are provided via email, please include the project title in the subject line, attach comments in Microsoft Word format if possible, and include the commenter's U.S. Postal Service mailing address. 
	PLEASE NOTE: All comments received will be made available for public review in their entirety in the final EIR, including the names and addresses of the respondents. Individual commenters may request 
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	that DWR withhold their name and/or home addresses, but commenters who wish DWR to consider withholding this information must state this prominently at the beginning of their comments. 
	Jacob McQuirk, PE Manager, Division of Operations and Maintenance, Water Projects Planning and Management Branch 
	Attachment 
	Figure 1: Pulse Flows Component Location 
	6 
	OREGON IDAHO 
	Crescent City 
	Eureka 
	Redding 
	Chico 
	Santa Rosa 
	Stockton 
	San Francisco 
	San Jose 
	San Luis Reservoir 
	Fresno 
	Monterey 
	Monterey 
	Kern Fan Groundwater 

	Pulse Flows Component Location 
	Water Storage Investment Program Groundwater Projects 
	Water Storage Investment Program Groundwater Projects 
	El Centro 
	San Diego 

	Major Rivers California Aqueduct 
	0 100 MEXICO
	0 100 MEXICO

	Lakes and Reservoirs 
	Path: U:\GIS\GIS\Projects\14xxxx\D140883_44_WSIP_OrovillePulseFlow\03_MXDs_Projects\OrovillePulseFlow_SEIR\OrovillePulseFlow_SEIR.aprx,  EPimentel  8/9/2022 
	Miles 
	SOURCE: Esri, 2022; AECOM, 2021; DWR, 2016; ESA, 2022 
	Figure 1 
	Pulse Flows Component Location 
	Lahontan Regional Water Quality Control Board
	P
	File: Environmental Doc Review
	Kern CountySeptember 6, 2022Marianne   KirklandCalifornia  Department  of  Resources P.O . Box  942836Sacramento  CA  94236-0001 PulseFlowsComponent@water.ca.gov  
	P
	Link

	P
	Link
	Link
	Link
	Link
	Link

	P
	Link
	Link
	Link
	Link

	Comments on the Notice of Preparation Draft Supplemental Environmental Impact Report for the Pulse Flows Component of the Water Storage Investment Program Groundwater Projects – Willow Springs Water Bank Project, Kern CountyLahontan Regional Water Quality Control Board (Water Board) staff reviewed the Notice of Preparation (NOP) for the Draft Supplemental Environment Impact Report (Draft SEIR) for the Pulse Flow Component of the Water Storage Investment Program (Pulse Flow Project). The NOP of the SEIR, pre
	Link
	Link
	Link
	Link

	Water Resource Control Engineer
	P
	P
	P
	P
	P
	Link

	P
	P
	P
	P
	P
	P
	P
	ParagraphSpan
	ParagraphSpan

	P
	HyphenSpan

	P
	P
	•
	•
	•
	LBody

	•
	•
	LBody

	•
	•
	LBody

	•
	•
	LBody

	•
	•
	LBody

	•
	•
	LBody


	P
	Link

	P
	P
	P
	P
	P
	P
	P
	HyphenSpan

	P
	P
	Link

	P
	P
	Link

	P
	P
	Link

	P
	P
	P
	marianne.kirkland@water.ca.gov 
	marianne.kirkland@water.ca.gov 

	P
	P
	Request for Review for the Notice of Preparation for the Draft Environmental Impact Report 
	P
	P
	P
	StyleSpan

	P
	P
	P
	P
	P
	P
	Water Quality Control Plan for the Sacramento and San Joaquin River Basins
	StyleSpan
	Link


	P
	StyleSpan

	P
	StyleSpan
	Link


	P
	Any discharge of waste to high quality waters must apply best practicable treatment or control not only to prevent a condition of pollution or nuisance from occurring, but also to maintain the highest water quality possible consistent with the maximum benefit to the people of the State. 
	This information must be presented as an analysis of the impacts and potential impacts of the discharge on water quality, as measured by background concentrations and applicable water quality objectives. 
	P
	P
	P
	StyleSpan

	P
	P
	P
	P
	StyleSpan
	Link


	P
	StyleSpan

	P
	P
	StyleSpan

	P
	StyleSpan
	Link


	P
	StyleSpan

	P
	HyphenSpan

	P
	P
	P
	P
	StyleSpan
	Link


	P
	StyleSpan
	Link


	P
	StyleSpan

	P
	P
	P
	P
	StyleSpan
	Link


	P
	StyleSpan
	Link


	P
	StyleSpan

	Limited Threat Discharges to Surface Water 
	P
	P
	StyleSpan
	Link


	P
	StyleSpan

	P
	StyleSpan
	Link


	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	Comment 1: The draft SEIR should demonstrate there will be no impacts to water supply, water deliveries or SWP finances. 
	P
	ParagraphSpan
	ParagraphSpan

	P
	P
	P
	GAVIN NEWSOM, Governor CHARLTON H. BONHAM, Director 
	P
	Link

	P
	P
	P
	P
	P
	StyleSpan

	P
	P
	Id.
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P
	Ceratomyxa shasta. 
	Footnote
	ParagraphSpan
	ParagraphSpan

	P
	P
	P
	StyleSpan
	Link

	StyleSpan
	Link
	HyphenSpan


	P
	P
	P
	P
	P
	Link

	P
	P
	P
	P
	P
	P
	StyleSpan
	Link


	P
	P
	P
	P
	StyleSpan
	Link


	P
	P
	StyleSpan
	Link


	P
	P
	P
	StyleSpan
	Link


	P
	P
	P
	StyleSpan
	Link


	P
	P
	StyleSpan
	Link


	AppendixB 
	HydraulicandSedimentTransportAnalysis oftheFeatherandSacramentoRiversCalifornia– TechnicalSupportforthe SupplementalEnvironmentalImpactReportforthe Pulse FlowsComponentof the WaterStorage InvestmentProgram(Draft)
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	Abbreviation 
	Abbreviation 
	Abbreviation 
	Definition 

	Chino Basin 
	Chino Basin 
	Chino Groundwater Basin 

	CNDDB 
	CNDDB 
	California Natural Diversity Database 

	CNPS 
	CNPS 
	California Native Plant Society 

	CNRA 
	CNRA 
	California Natural Resources Agency 

	CO2e 
	CO2e 
	carbon dioxide equivalent 

	CRPR 
	CRPR 
	California Rare Plant Rank 

	CSD 
	CSD 
	Community Services District 

	CVFPB 
	CVFPB 
	Central Valley Flood Protection Board 

	CVP 
	CVP 
	Central Valley Project 

	CVPIA 
	CVPIA 
	Central Valley Project Improvement Act 

	CWA 
	CWA 
	Clean Water Act 

	CWC 
	CWC 
	California Water Commission 

	D 
	D 
	Dry 

	Delta 
	Delta 
	Sacramento–San Joaquin Delta 

	DPS 
	DPS 
	Distinct Population Segment 

	Draft SEIR 
	Draft SEIR 
	draft supplemental environmental impact report 

	DWR 
	DWR 
	California Department of Water Resources 

	DWR Water Operations 
	DWR Water Operations 
	DWR Water Operations Branch 

	EIR 
	EIR 
	environmental impact report 

	EPA 
	EPA 
	U.S. Environmental Protection Agency 

	ESA 
	ESA 
	Endangered Species Act 

	ESU 
	ESU 
	evolutionarily significant unit 

	FEMA 
	FEMA 
	Federal Emergency Management Agency 

	FERC 
	FERC 
	Federal Energy Regulatory Commission 

	GHG 
	GHG 
	greenhouse gas 

	GSA 
	GSA 
	groundwater sustainability agency 

	GSP 
	GSP 
	groundwater sustainability plan 

	Harvest Water 
	Harvest Water 
	Harvest Water Program 

	HCP 
	HCP 
	habitat conservation plan 

	HEC-RAS 
	HEC-RAS 
	Hydrologic Engineering Center–River Analysis System 

	IEUA 
	IEUA 
	Inland Empire Utilities Agency 

	ITP 
	ITP 
	incidental take permit 

	Jones Pumping Plant 
	Jones Pumping Plant 
	C. W. “Bill” Jones Pumping Plant 

	Kern Fan 
	Kern Fan 
	Kern Fan Groundwater Storage Project 

	KVBM 
	KVBM 
	Konkow Valley Band of Maidu 

	LSZ 
	LSZ 
	low-salinity zone 
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	Abbreviation 
	Definition 

	LTO ITP 
	LTO ITP 
	long-term operation incidental take permit 

	LVE 
	LVE 
	Los Vaqueros Reservoir Expansion Project 

	maf 
	maf 
	million acre-feet 

	MITCR 
	MITCR 
	Mechoopda Indian Tribe of Chico Rancheria 

	mm 
	mm 
	millimeters 

	MBTA 
	MBTA 
	Migratory Bird Treaty Act 

	mmt 
	mmt 
	million metric tons 

	MRMI 
	MRMI 
	Mooretown Rancheria of Maidu Indians 

	msl 
	msl 
	mean sea level 

	NAHC 
	NAHC 
	Native American Heritage Commission 

	National Register 
	National Register 
	National Register of Historic Places 

	NCCP 
	NCCP 
	natural community conservation plan 

	NMFS 
	NMFS 
	National Marine Fisheries Service 

	NOP 
	NOP 
	Notice of Preparation 

	OBMP 
	OBMP 
	Optimum Basin Management Program 

	OWA 
	OWA 
	Oroville Wildlife Area 

	P-2100 
	P-2100 
	Federal Energy Regulatory Commission Project No. 2100 

	TR
	(Oroville Facilities relicensing) 

	Pacheco 
	Pacheco 
	Pacheco Reservoir Expansion Project 

	PCB 
	PCB 
	polychlorinated biphenyl 

	PEIR 
	PEIR 
	programmatic environmental impact report 

	Porter-Cologne Act 
	Porter-Cologne Act 
	Porter-Cologne Water Quality Control Act 

	PRC 
	PRC 
	Public Resources Code 

	psu 
	psu 
	practical salinity units 

	Pulse Flows Component 
	Pulse Flows Component 
	Pulse Flows Component of the Water Storage Investment 

	TR
	Program Groundwater Projects 

	RBDD 
	RBDD 
	Red Bluff Diversion Dam 

	Reclamation 
	Reclamation 
	U.S. Bureau of Reclamation 

	Recovery Period 
	Recovery Period 
	Lake Oroville Recovery Period 

	RM 
	RM 
	River Mile 

	RWQCB 
	RWQCB 
	regional water quality control Board 

	SB 
	SB 
	Senate Bill 

	SCH 
	SCH 
	State Clearinghouse 

	SEIR 
	SEIR 
	supplemental environmental impact report 

	SGMA 
	SGMA 
	Sustainable Groundwater Management Act 

	Sites 
	Sites 
	Sites Reservoir Project 

	SRFCP 
	SRFCP 
	Sacramento River Flood Control Project 


	Abbreviation 
	Abbreviation 
	Abbreviation 
	Definition 

	SSBMI 
	SSBMI 
	Shingle Springs Band of Miwok Indians 

	SSC 
	SSC 
	species of special concern 

	State Water Board 
	State Water Board 
	State Water Resources Control Board 

	Subsequent EIR 
	Subsequent EIR 
	subsequent environmental impact report 

	SVI 
	SVI 
	Sacramento Valley Index 

	SWP 
	SWP 
	State Water Project 

	taf 
	taf 
	thousand acre-feet 

	TBMI 
	TBMI 
	Tuolumne Band of Me-Wuk Indians 

	TMDL 
	TMDL 
	total maximum daily load 

	UAIC 
	UAIC 
	United Auburn Indian Community of the Auburn Rancheria of California 

	Update 2020 
	Update 2020 
	Greenhouse Gas Emissions Reduction Plan Update 2020 

	USACE 
	USACE 
	U.S. Army Corps of Engineers 

	USC 
	USC 
	United States Code 

	USFWS 
	USFWS 
	U.S. Fish and Wildlife Service 

	W 
	W 
	Wet 

	Water Supply Contract 
	Water Supply Contract 
	State Water Project Water Supply Contract 

	WCM 
	WCM 
	Water Control Manual 

	Willow Springs 
	Willow Springs 
	Willow Springs Water Bank Project 

	WSIP 
	WSIP 
	Water Storage Investment Program 

	YDWN 
	YDWN 
	Yocha Dehe Wintun Nation 
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	TABLE 3.4-8 SUMMARY OF IMPACT CONCLUSIONS—HYDROLOGY AND WATER QUALITY 
	TABLE 3.4-8 SUMMARY OF IMPACT CONCLUSIONS—HYDROLOGY AND WATER QUALITY 
	TABLE 3.4-8 SUMMARY OF IMPACT CONCLUSIONS—HYDROLOGY AND WATER QUALITY 

	Impact Statement 
	Impact Statement 
	Operations and Maintenance 

	3.4-1: Implementation of the Pulse Flows Component would substantially alter the existing drainage pattern of the site or area, including through the release of the pulse flow, in a manner which would result in substantial erosion or siltation; substantially increase the rate or amount of runoff in a manner which would result in flooding; create or contribute runoff water which would exceed the capacity of existing or planned stormwater drainage systems or provide substantial additional sources of polluted 
	3.4-1: Implementation of the Pulse Flows Component would substantially alter the existing drainage pattern of the site or area, including through the release of the pulse flow, in a manner which would result in substantial erosion or siltation; substantially increase the rate or amount of runoff in a manner which would result in flooding; create or contribute runoff water which would exceed the capacity of existing or planned stormwater drainage systems or provide substantial additional sources of polluted 
	LTS 

	3.4-2: Implementation of the Pulse Flows Component would violate any water quality standards or waste discharge requirements or otherwise substantially degrade surface or ground water quality. 
	3.4-2: Implementation of the Pulse Flows Component would violate any water quality standards or waste discharge requirements or otherwise substantially degrade surface or ground water quality. 
	LTS 

	3.4-3: Implementation of the Pulse Flows Component would substantially decrease groundwater supplies or interfere substantially with groundwater recharge such that the project may impede sustainable groundwater management of the basin. 
	3.4-3: Implementation of the Pulse Flows Component would substantially decrease groundwater supplies or interfere substantially with groundwater recharge such that the project may impede sustainable groundwater management of the basin. 
	LTS 

	3.4-4: In flood hazard, tsunami, or seiche zones, implementation of the Pulse Flows Component would risk release of pollutants due to project inundation. 
	3.4-4: In flood hazard, tsunami, or seiche zones, implementation of the Pulse Flows Component would risk release of pollutants due to project inundation. 
	LTS 

	3.4-5: Implementation of the Pulse Flows Component would conflict with or obstruct implementation of a water quality control plan or sustainable groundwater management plan. 
	3.4-5: Implementation of the Pulse Flows Component would conflict with or obstruct implementation of a water quality control plan or sustainable groundwater management plan. 
	NI 
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	TABLE 3.5-1 SPECIAL-STATUS FISH SPECIES WITH POTENTIAL TO BE AFFECTED BY THE PULSE FLOWS COMPONENT 
	TABLE 3.5-1 SPECIAL-STATUS FISH SPECIES WITH POTENTIAL TO BE AFFECTED BY THE PULSE FLOWS COMPONENT 
	TABLE 3.5-1 SPECIAL-STATUS FISH SPECIES WITH POTENTIAL TO BE AFFECTED BY THE PULSE FLOWS COMPONENT 

	Common Name 
	Common Name 
	Scientific Name 
	Federal Status1 
	State Status1 
	Tribal, Recreational, or Economic Importance2 
	Occurrence within Area of Analysis3 

	Chinook salmon, Central Valley spring-run ESU 
	Chinook salmon, Central Valley spring-run ESU 
	Oncorhynchus tshawytscha 
	FT 
	ST 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Steelhead, Central Valley DPS 
	Steelhead, Central Valley DPS 
	Oncorhynchus mykiss irideus 
	FT 
	– 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Green sturgeon, southern DPS 
	Green sturgeon, southern DPS 
	Acipenser medirostris 
	FT 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,4,5 Delta5 

	Chinook salmon, Sacramento River winter-run ESU 
	Chinook salmon, Sacramento River winter-run ESU 
	Oncorhynchus tshawytscha 
	FE 
	SE 
	Y 
	Feather River,5 Sacramento River,5 Delta5 , 

	Chinook salmon, Central Valley fall-run and late fall-run ESU 
	Chinook salmon, Central Valley fall-run and late fall-run ESU 
	Oncorhynchus tshawytscha 
	SC 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Pacific lamprey 
	Pacific lamprey 
	Entosphenus tridentatus 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Western river lamprey 
	Western river lamprey 
	Lampetra ayresi 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	White sturgeon 
	White sturgeon 
	Acipenser transmontanus 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,4,5 Delta5 

	Sacramento splittail 
	Sacramento splittail 
	Pogonichthys macrolepidotus 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Hardhead 
	Hardhead 
	Mylopharodon conocephalus 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Sacramento hitch 
	Sacramento hitch 
	Lavinia exilicauda 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Central California roach 
	Central California roach 
	Lavinia symmetricus 
	– 
	SSC 
	Y 
	Feather River,4,5 Sacramento River,5 Delta5 

	Longfin smelt 
	Longfin smelt 
	Spirinchus thaleichthys 
	FC 
	ST 
	Y 
	Delta4,5 

	Delta smelt 
	Delta smelt 
	Hypomesus transpacificus 
	FT 
	SE 
	Y 
	Delta6 

	Striped bass 
	Striped bass 
	Morone saxatilis 
	– 
	– 
	Y 
	Feather River,4,5 Sacramento River,4,5 Delta5 

	American shad 
	American shad 
	Alosa sapidissima 
	– 
	– 
	Y 
	Feather River,4,5 Sacramento River,4,5 Delta5 


	Common Name 
	Common Name 
	Common Name 
	Scientific Name 
	Federal Status1 
	State Status1 
	Tribal, Recreational, or Economic Importance2 
	Occurrence within Area of Analysis3 

	Largemouth bass 
	Largemouth bass 
	Micropterus salmoides 
	– 
	– 
	Y 
	Feather River,6 Sacramento River,6 Delta6 

	Smallmouth bass 
	Smallmouth bass 
	Micropterus dolomieu 
	– 
	– 
	Y 
	Feather River,6 Sacramento River,6 Delta6 

	Spotted bass 
	Spotted bass 
	Micropterus punctulatus 
	– 
	– 
	Y 
	Feather River,6 Sacramento River,6 Delta6 


	TABLE 3.5-2 SUMMARY OF IMPACT CONCLUSIONS—AQUATIC BIOLOGICAL RESOURCES 
	TABLE 3.5-2 SUMMARY OF IMPACT CONCLUSIONS—AQUATIC BIOLOGICAL RESOURCES 
	TABLE 3.5-2 SUMMARY OF IMPACT CONCLUSIONS—AQUATIC BIOLOGICAL RESOURCES 

	Impact Statement 
	Impact Statement 
	Impact Conclusion 

	3.5-1: Implementation of the Pulse Flows Component would have a substantial adverse effect, either directly or through habitat modifications, on any species identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or regulations, or by CDFW, NMFS, or USFWS. 
	3.5-1: Implementation of the Pulse Flows Component would have a substantial adverse effect, either directly or through habitat modifications, on any species identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or regulations, or by CDFW, NMFS, or USFWS. 
	LTS 

	3.5-2: Implementation of the Pulse Flows Component would interfere substantially with the movement of any native resident or migratory fish or wildlife species or with established native resident or migratory wildlife corridors, or impede the use of native wildlife nursery sites. 
	3.5-2: Implementation of the Pulse Flows Component would interfere substantially with the movement of any native resident or migratory fish or wildlife species or with established native resident or migratory wildlife corridors, or impede the use of native wildlife nursery sites. 
	LTS 

	3.5-3: Implementation of the Pulse Flows Component would conflict with any local policies or ordinances protecting biological resources. 
	3.5-3: Implementation of the Pulse Flows Component would conflict with any local policies or ordinances protecting biological resources. 
	LTS 

	3.5-4: Implementation of the Pulse Flows Component would conflict with the provisions of an adopted habitat conservation plan, natural community conservation plan, or other approved local, regional, or State habitat conservation plan. 
	3.5-4: Implementation of the Pulse Flows Component would conflict with the provisions of an adopted habitat conservation plan, natural community conservation plan, or other approved local, regional, or State habitat conservation plan. 
	LTS 


	Common Name Scientific Name 
	Common Name Scientific Name 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	CRPR Status 
	Habitat Requirements 
	Identification/Survey Period 

	Ahart’s dwarf rush Juncus leiospermus var. ahartii 
	Ahart’s dwarf rush Juncus leiospermus var. ahartii 
	-
	-

	-
	-

	1B.2 
	Vernal pool margins 
	Mar-May 

	Ahart’s paronychia Paronychia ahartii 
	Ahart’s paronychia Paronychia ahartii 
	-
	-

	-
	-

	1B.1 
	Well-drained rocky outcrops and rocky soils within volcanic uplands; often on vernal pool edges, higher ground around vernal pools, nearly barren clay of vernal swales, or other vernally moist sites with thin soils 
	Feb-Jun 

	Bidwell’s knotweed Polygonum bidwelliae 
	Bidwell’s knotweed Polygonum bidwelliae 
	-
	-

	-
	-

	4.3 
	Chaparral, cismontane woodland, and valley and foothill grassland 
	Apr-Jul 

	Bolander’s water-hemlock Cicuta maculata var. bolanderi 
	Bolander’s water-hemlock Cicuta maculata var. bolanderi 
	-
	-

	-
	-

	2B.1 
	Marshes, edges of ponds, streambanks and ditches 
	Jul-Sep 

	Brandegee’s clarkia Clarkia biloba ssp. brandegeeae 
	Brandegee’s clarkia Clarkia biloba ssp. brandegeeae 
	-
	-

	-
	-

	4.2 
	Chaparral, cismontane woodland, and lower montane coniferous forest 
	May-Jul 

	brassy bryum Bryum chryseum 
	brassy bryum Bryum chryseum 
	-
	-

	-
	-

	4.3 
	Chaparral (openings), cismontane woodland, valley and foothill grassland 
	N/A 

	Brazilian watermeal Wolffia brasiliensis 
	Brazilian watermeal Wolffia brasiliensis 
	-
	-

	-
	-

	2B.3 
	Marshes and swamps (shallow freshwater) 
	Apr-Dec 

	bristly leptosiphon Leptosiphon acicularis 
	bristly leptosiphon Leptosiphon acicularis 
	-
	-

	-
	-

	4.2 
	Chaparral, cismontane woodland, coastal prairie, valley and foothill grassland 
	Apr-Jul 

	Butte County calycadenia Calycadenia oppositifolia 
	Butte County calycadenia Calycadenia oppositifolia 
	-
	-

	-
	-

	4.2 
	Dry meadows, grassy to brushy openings, and road cuts within a variety of plant communities, including Valley and Foothill/Basalt Grassland, Chaparral, Foothill/Cismontane Woodland, and Yellow Pine Forest; volcanic, granitic, or serpentine substrates; often on hillsides 
	Apr-Jul 

	Butte County fritillary Fritillaria eastwoodiae 
	Butte County fritillary Fritillaria eastwoodiae 
	-
	-

	-
	-

	3.2 
	Chaparral, cismontane woodland, lower montane coniferous forest (openings) 
	Mar-Jun 

	Butte County meadowfoam Limnanthes floccosa var. californica 
	Butte County meadowfoam Limnanthes floccosa var. californica 
	FE 
	CE 
	1B.1 
	Valley and foothill grassland (mesic), vernal pools 
	Mar-May 

	crownscale Atriplex coronata var. coronata 
	crownscale Atriplex coronata var. coronata 
	-
	-

	-
	-

	4.2 
	Chenopod scrub, valley and foothill grassland, vernal pools 
	Mar-Oct 

	Delta mudwort Limosella australis 
	Delta mudwort Limosella australis 
	-
	-

	-
	-

	2B.1 
	Marshes and swamps (brackish, freshwater), riparian scrub 
	May-Aug 


	Common Name Scientific Name 
	Common Name Scientific Name 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	CRPR Status 
	Habitat Requirements 
	Identification/Survey Period 

	Delta tule pea Lathyrus jepsonii var. jepsonii 
	Delta tule pea Lathyrus jepsonii var. jepsonii 
	-
	-

	-
	-

	1B.2 
	Marshes and swamps (brackish, freshwater) 
	May-Jul (Aug-Sep) 

	depauperate milk-vetch Astragalus pauperculus 
	depauperate milk-vetch Astragalus pauperculus 
	-
	-

	-
	-

	4.3 
	Chaparral, cismontane woodland, valley and foothill grassland 
	Mar-Jun 

	English Peak greenbrier Smilax jamesii 
	English Peak greenbrier Smilax jamesii 
	-
	-

	-
	-

	4.2 
	Broadleafed upland forest. lower montane coniferous forest, marshes and swamps, North Coast coniferous forest, upper montane coniferous forest 
	May-Jul (Aug-Oct) 

	Greene’s tuctoria Tuctoria greenei 
	Greene’s tuctoria Tuctoria greenei 
	FE 
	CR 
	1B.1 
	Vernal pools 
	May-Jul (Sep) 

	hairy Orcutt grass Orcuttia pilosa 
	hairy Orcutt grass Orcuttia pilosa 
	FE 
	CE 
	1B.1 
	Vernal pools 
	May-Sep 

	Hartweg’s golden sunburst Pseudobahia bahiifolia 
	Hartweg’s golden sunburst Pseudobahia bahiifolia 
	FE 
	CE 
	1B.1 
	Cismontane woodland, valley and foothill grassland 
	Mar-Apr 

	hogwallow starfish Hesperevax caulescens 
	hogwallow starfish Hesperevax caulescens 
	-
	-

	-
	-

	4.2 
	Valley and foothill grassland (mesic clay), vernal pools (shallow) 
	Mar-Jun 

	Hoover’s spurge Euphorbia hooveri 
	Hoover’s spurge Euphorbia hooveri 
	FT 
	-
	-

	-
	-

	Vernal pools 
	Jul-Sep (Oct) 

	Humboldt lily Lilium humboldtii ssp. humboldtii 
	Humboldt lily Lilium humboldtii ssp. humboldtii 
	-
	-

	-
	-

	4.2 
	Chaparral, cismontane woodland, lower montane coniferous forest 
	May-Jul (Aug) 

	Layne’s ragwort Packera layneae 
	Layne’s ragwort Packera layneae 
	FT 
	CR 
	1B.2 
	Chaparral, cismontane woodland 
	Apr-Aug 

	Lewis Rose’s groundsel Packera eurycephala var. lewisrosei 
	Lewis Rose’s groundsel Packera eurycephala var. lewisrosei 
	-
	-

	-
	-

	1B.2 
	Chaparral, cismontane woodland, lower montane coniferous forest 
	Mar-Jul (Aug-Sep) 

	Mason’s liliaeopsis Lilaeopsis masonii 
	Mason’s liliaeopsis Lilaeopsis masonii 
	-
	-

	-
	-

	1B.1 
	Marshes and swamps (brackish, freshwater), riparian scrub 
	Apr-Nov 

	Mexican mosquito fern Azolla microphylla 
	Mexican mosquito fern Azolla microphylla 
	-
	-

	-
	-

	4.2 
	Marshes and swamps (ponds, slow water) 
	Aug 

	Mosquin’s clarkia Clarkia mosquinii 
	Mosquin’s clarkia Clarkia mosquinii 
	-
	-

	-
	-

	1B.1 
	Cismontane woodland, lower montane coniferous forest 
	May-Jul (Sep) 

	Parry’s rough tarplant Centromadia parryi ssp. rudis 
	Parry’s rough tarplant Centromadia parryi ssp. rudis 
	-
	-

	-
	-

	4.2 
	Valley and foothill grassland, vernal pools 
	May-Oct 


	Common Name Scientific Name 
	Common Name Scientific Name 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	CRPR Status 
	Habitat Requirements 
	Identification/Survey Period 

	red-stemmed cryptantha Cryptantha rostellata 
	red-stemmed cryptantha Cryptantha rostellata 
	-
	-

	-
	-

	4.2 
	Cismontane woodland, valley and foothill grassland 
	Apr-Jun 

	Sanford’s arrowhead Sagittaria sanfordii 
	Sanford’s arrowhead Sagittaria sanfordii 
	-
	-

	-
	-

	1B.2 
	Marshes and swamps (shallow freshwater) 
	May-Oct (Nov) 

	shield-bracted monkeyflower Erythranthe glaucescens 
	shield-bracted monkeyflower Erythranthe glaucescens 
	-
	-

	-
	-

	4.3 
	Chaparral, cismontane woodland, lower montane coniferous forest, valley and foothill grassland 
	Feb-Aug (Sep) 

	Sierra Foothills brodiaea Brodiaea sierrae 
	Sierra Foothills brodiaea Brodiaea sierrae 
	-
	-

	-
	-

	4.3 
	Chaparral, cismontane woodland, lower montane coniferous forest 
	May-Aug 

	slender Orcutt grass Orcuttia tenuis 
	slender Orcutt grass Orcuttia tenuis 
	FT 
	CE 
	1B.1 
	Vernal pools 
	May-Sep (Oct) 

	small spikerush Eleocharis parvula 
	small spikerush Eleocharis parvula 
	-
	-

	-
	-

	4.3 
	Marshes and swamps 
	(Apr) Jun-Aug (Sep) 

	Stinkbells Fritillaria agrestis 
	Stinkbells Fritillaria agrestis 
	-
	-

	-
	-

	4.2 
	Chaparral, cismontane woodland, Pinyon and juniper woodland, valley and foothill grassland 
	Mar-Jun 

	Suisun Marsh aster Symphyotrichum lentum 
	Suisun Marsh aster Symphyotrichum lentum 
	-
	-

	-
	-

	1B.2 
	Marshes and swamps (brackish, freshwater) 
	(Apr )May-Nov 

	sylvan microseris Microseris sylvatica 
	sylvan microseris Microseris sylvatica 
	-
	-

	-
	-

	4.2 
	Chaparral, cismontane woodland, Great Basin scrub, Pinyon and juniper woodland, valley and foothill grassland 
	Mar-Jun 

	Tehama navarretia Navarretia heterandra 
	Tehama navarretia Navarretia heterandra 
	-
	-

	-
	-

	4.3 
	Valley and foothill grassland (mesic), vernal pools 
	Apr-Jun 

	thread-leaved beakseed Bulbostylis capillaris 
	thread-leaved beakseed Bulbostylis capillaris 
	-
	-

	-
	-

	4.2 
	Lower montane coniferous forest, meadows and seeps, upper montane coniferous forest 
	Jun-Aug 

	valley brodiaea Brodiaea rosea ssp. vallicola 
	valley brodiaea Brodiaea rosea ssp. vallicola 
	-
	-

	-
	-

	4.2 
	Valley and foothill grassland, vernal pools 
	Apr-May (Jun) 

	white-stemmed clarkia Clarkia gracilis ssp. albicaulis 
	white-stemmed clarkia Clarkia gracilis ssp. albicaulis 
	-
	-

	-
	-

	1B.2 
	Chaparral, cismontane woodland. serpentinite (sometimes) 
	May-Jul 

	wine-colored tufa Plagiobryoides vinosula 
	wine-colored tufa Plagiobryoides vinosula 
	-
	-

	-
	-

	4.2 
	Cismontane woodland. Mojavean desert scrub, meadows and seeps, Pinyon and juniper woodland. riparian woodland 
	N/A 

	woolly meadowfoam Limnanthes floccosa ssp. floccosa 
	woolly meadowfoam Limnanthes floccosa ssp. floccosa 
	-
	-

	-
	-

	4.2 
	Chaparral, cismontane woodland, valley and foothill grassland, vernal pools 
	Mar-May (Jun) 


	Common Name Scientific Name 
	Common Name Scientific Name 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	CRPR Status 
	Habitat Requirements 
	Identification/Survey Period Jun-Sep 

	woolly rose-mallow Hibiscus lasiocarpos var. occidentalis 
	woolly rose-mallow Hibiscus lasiocarpos var. occidentalis 
	-
	-

	-
	-

	1B.2 
	Marshes and swamps; often in riprap on sides of levees 


	Type 
	Type 
	Type 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	Habitat Requirements 

	Invertebrate 
	Invertebrate 
	Conservancy fairy shrimp Branchinecta conservatio 
	FE 
	-
	-

	Vernal pools and swales. 

	Invertebrate 
	Invertebrate 
	Crotch bumble bee Bombus crotchii 
	-
	-

	CCT 
	Found in open grassland and scrub; can persist in semi-natural habitats surrounded by intensely modified landscapes; food plants include Asclepias, Chaenactis, Lupinus, Medicago, Phacelia, and Salvia. 

	Invertebrate 
	Invertebrate 
	monarch butterfly–California overwintering population  Danaus plexippus pop. 1 
	FC 
	-
	-

	This subspecies requires milkweeds as caterpillars, but as adults they feed on nectar from a variety of flowers. Monarchs roost in trees near water. Overwintering in California occurs in gum, pine, cypress, and sycamore trees.  

	Invertebrate 
	Invertebrate 
	valley elderberry longhorn beetle Desmocerus californicus dimorphus 
	FT 
	-
	-

	Elderberry shrubs, typically in riparian habitats. 

	Invertebrate 
	Invertebrate 
	vernal pool fairy shrimp Branchinecta lynchi 
	FT 
	-
	-

	Vernal pools and other seasonal wetlands. 

	Invertebrate 
	Invertebrate 
	vernal pool tadpole shrimp Lepidurus packardi 
	FE 
	-
	-

	Vernal pools, swales, and other ephemeral wetlands. 

	Amphibian 
	Amphibian 
	western spadefoot toad Spea hammondii 
	-
	-

	SSC 
	In winter, breeds in vernal pools and seasonal wetlands with a minimum 3-week inundation period; in summer, aestivates in grassland habitat, in soil crevices and rodent burrows. 

	Reptile 
	Reptile 
	giant garter snake Thamnophis gigas 
	FT 
	CT 
	Forages in slow-moving streams, sloughs, ponds, marshes, inundated floodplains, rice fields, and irrigation and drainage canals; also requires upland refugia not subject to flooding during the snake’s inactive season. 

	Reptile 
	Reptile 
	western pond turtle Emys marmorata 
	-
	-

	SSC 
	Forages in ponds, marshes, slow-moving streams, sloughs, and irrigation ditches; nests in nearby uplands with low, sparse vegetation. 

	Bird 
	Bird 
	American peregrine falcon Falco peregrinus anatum 
	FD 
	CD 
	When not breeding, occurs in areas where prey concentrate, including farmlands, marshes, lakeshores, river mouths, tidal flats, dunes and beaches, broad river valleys, cities, and airports. Often nests on ledge or hole on face of rocky cliff or crag. 

	Bird 
	Bird 
	bald eagle Haliaeetus leucocephalus 
	FD 
	CE 
	Forages primarily in large inland fish-bearing waters with adjacent large trees or snags, and occasionally in uplands with abundant rabbits, other small mammals, or carrion. 

	Bird 
	Bird 
	bank swallow Riparia riparia 
	-
	-

	CT 
	Nests in vertical banks or bluffs, typically adjacent to water, devoid of vegetation, and with friable, eroding soils; forages in a wide variety of habitats. 

	Bird 
	Bird 
	burrowing owl Athene cunicularia 
	-
	-

	SSC 
	Nests and forages in grasslands, agricultural fields, and low scrub habitats, especially where ground squirrel burrows are present; occasionally inhabits artificial structures and small patches of disturbed habitat. 


	Type 
	Type 
	Type 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	Habitat Requirements 

	Bird 
	Bird 
	California black rail Laterallus jamaicensis coturniculus 
	-
	-

	CT/CFP 
	Nests and forages in saline, freshwater, or brackish emergent marshes with gently grading slopes and upland refugia with vegetative cover beyond the high-water line. 

	Bird 
	Bird 
	golden eagle Aquila chrysaetos 
	-
	-

	CFP 
	Nests and forages in a variety of open habitats, including grassland, shrubland, and cropland; most common in foothill habitats; rare foothill breeder; nests in cliffs, rock outcrops, and large trees. 

	Bird 
	Bird 
	greater sandhill crane Antigone canadensis tabida 
	-
	-

	CT/CFP 
	Forages primarily in croplands with waste grain; also frequents grasslands and emergent wetlands. 

	Bird 
	Bird 
	loggerhead shrike Lanius ludovicianus 
	-
	-

	SSC 
	Nests in isolated shrubs and trees and woodland edges of open habitats; forages in grasslands, agricultural fields, and low scrub habitats. 

	Bird 
	Bird 
	northern harrier Circus hudsonius 
	-
	-

	SSC 
	Nests on the ground among herbaceous vegetation, such as grasses or cattails; forages in grasslands, agricultural fields, and marshes. 

	Bird 
	Bird 
	purple martin Progne subis 
	-
	-

	SSC 
	Nests in tree cavities, bridges, utility poles, lava tubes, and buildings; forages in foothill and low montane oak and riparian woodlands, and less frequently in coniferous forests and open or developed habitats. 

	Bird 
	Bird 
	saltmarsh common yellowthroat Geothlypis trichas sinuosa 
	-
	-

	SSC 
	Primarily brackish marsh with dense and continuous wetland or riparian vegetation down to the water surface; however, to a lesser degree, also uses woody swamp and freshwater marsh; often found in rush, tall grass, and willow-dominated communities. 

	Bird 
	Bird 
	short-eared owl Asio flammeus 
	-
	-

	SSC 
	Nests on the ground among herbaceous vegetation, such as grasses or cattails; forages in grasslands, agricultural fields, and marshes. 

	Bird 
	Bird 
	song sparrow “Modesto” population Melospiza melodia 
	-
	-

	SSC 
	Nests and forages primarily in emergent marsh, riparian scrub, and early successional riparian forest habitats, and infrequently in mature riparian forest and sparsely vegetated ditches and levees. 

	Bird 
	Bird 
	Suisun song sparrow Melospiza melodia maxillaris 
	-
	-

	SSC 
	Nests and forages in brackish water marshes dominated by cattails, tules, and pickleweed. 

	Bird 
	Bird 
	Swainson’s hawk Buteo swainsoni 
	-
	-

	CT 
	Nests in isolated trees, open woodlands, and woodland margins; forages in grasslands and agricultural fields. 

	Bird 
	Bird 
	tricolored blackbird Agelaius tricolor 
	-
	-

	CT 
	Nests colonially in large, dense stands of freshwater marsh, riparian scrub, and other shrubs and herbs; forages in grasslands and agricultural fields. 

	Bird 
	Bird 
	western yellow-billed cuckoo Coccyzus americanus occidentalis 
	FT 
	CE 
	Nests in valley, foothill, and desert riparian forest with densely foliaged deciduous trees and shrubs, especially willows; other associated vegetation includes cottonwood trees, blackberry, nettle, and wild grape. 

	Bird 
	Bird 
	white-tailed kite Elanus leucurus 
	-
	-

	CFP 
	Forages in ponds, marshes, slow-moving streams, sloughs, and irrigation ditches; nests in nearby uplands with low, sparse vegetation. 

	Bird 
	Bird 
	yellow-breasted chat Icteria virens 
	-
	-

	SSC 
	Nests and forages in riparian thickets of willow and other brushy tangles near water and thick understory in riparian woodland. 


	Type 
	Type 
	Type 
	Common Name Scientific Name 
	Federal Status 
	State Status 
	Habitat Requirements 

	Bird 
	Bird 
	yellow warbler Setophaga petechia 
	-
	-

	SSC 
	Habitat includes open scrub, second-growth woodland, thickets, farmlands, and gardens, especially near water; riparian woodlands, especially of willows, are typical habitat.  

	Mammal 
	Mammal 
	Ringtail Bassariscus astutus 
	-
	-

	CFP 
	Typically found in rocky areas with cliffs or crevices for daytime shelter; desert scrub, chaparral, pine-oak and conifer woodland. Usually found within 0.5 mile of water. Dens usually in rock shelter; also in tree hollow, under tree roots, in burrow dug by other animal, in remote building, under brush pile. 

	Mammal 
	Mammal 
	salt marsh harvest mouse Reithrodontomys raviventris 
	FE 
	E/CFP 
	Saline emergent marshes with low, dense cover of vegetation (especially pickleweed) and higher elevation refugia. 

	Mammal 
	Mammal 
	Townsend’s big-eared bat Corynorhinus townsendii 
	-
	-

	SSC 
	Typically roosts in caves; however, colonies of fewer than 100 individuals occasionally nest in buildings or bridges; forages in all habitats except alpine and subalpine, although most commonly in mesic forests and woodlands. 

	Mammal 
	Mammal 
	western mastiff bat Eumops perotis californicus 
	-
	-

	SSC 
	Roosts in trees, rock crevices, and buildings in small colonies of fewer than 100 individuals; forages in a variety of grassland, shrub, and wooded habitats, including riparian and urban areas, although most commonly in open, arid lands. 

	Mammal 
	Mammal 
	western red bat Lasiurus blossevillii 
	-
	-

	SSC 
	Roosts primarily in tree foliage, occasionally shrubs; roosts in small family groups rather than large colonies as other bats; prefers habitat edges and mosaics with trees that are protected from above and open below with open areas for foraging, including grasslands, shrublands, and open woodlands. 


	TABLE 3.6-3 SUMMARY OF IMPACT CONCLUSIONS—BIOLOGICAL RESOURCES (TERRESTRIAL) 
	TABLE 3.6-3 SUMMARY OF IMPACT CONCLUSIONS—BIOLOGICAL RESOURCES (TERRESTRIAL) 
	TABLE 3.6-3 SUMMARY OF IMPACT CONCLUSIONS—BIOLOGICAL RESOURCES (TERRESTRIAL) 

	Impact Statement 
	Impact Statement 
	Impact Conclusion 

	3.6-1: Implementation of the Pulse Flows Component would have a substantial adverse effect, either directly or through habitat modifications, on any species identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or regulations, or by the California Department of Fish and Wildlife or U.S. Fish and Wildlife Service. 
	3.6-1: Implementation of the Pulse Flows Component would have a substantial adverse effect, either directly or through habitat modifications, on any species identified as a candidate, sensitive, or special-status species in local or regional plans, policies, or regulations, or by the California Department of Fish and Wildlife or U.S. Fish and Wildlife Service. 
	LTS 

	3.6-2: Implementation of the Pulse Flows Component would have a substantial adverse effect on any riparian habitat or other sensitive natural community identified in local or regional plans, policies, regulations or by the California Department of Fish and Wildlife or U.S. Fish and Wildlife Service. 
	3.6-2: Implementation of the Pulse Flows Component would have a substantial adverse effect on any riparian habitat or other sensitive natural community identified in local or regional plans, policies, regulations or by the California Department of Fish and Wildlife or U.S. Fish and Wildlife Service. 
	LTS 

	3.6-3: Implementation of the Pulse Flows Component would have a substantial adverse effect on state or federally protected wetlands (including, but not limited to, marsh, vernal pool, coastal, etc.) through direct removal, filling, hydrological interruption, or other means. 
	3.6-3: Implementation of the Pulse Flows Component would have a substantial adverse effect on state or federally protected wetlands (including, but not limited to, marsh, vernal pool, coastal, etc.) through direct removal, filling, hydrological interruption, or other means. 
	LTS 

	3.6-4: Implementation of the Pulse Flows Component would Interfere substantially with the movement of any native resident or migratory fish or wildlife species or with established native resident or migratory wildlife corridors, or impede the use of native wildlife nursery sites. 
	3.6-4: Implementation of the Pulse Flows Component would Interfere substantially with the movement of any native resident or migratory fish or wildlife species or with established native resident or migratory wildlife corridors, or impede the use of native wildlife nursery sites. 
	NI 

	3.6-5: Implementation of the Pulse Flows Component would conflict with any local policies or ordinances protecting biological resources, such as a tree preservation policy or ordinance. 
	3.6-5: Implementation of the Pulse Flows Component would conflict with any local policies or ordinances protecting biological resources, such as a tree preservation policy or ordinance. 
	NI 

	3.6-6: Implementation of the Pulse Flows Component would conflict with the provisions of an adopted habitat conservation plan, natural community conservation plan, or other approved local, regional, or state habitat conservation plan. 
	3.6-6: Implementation of the Pulse Flows Component would conflict with the provisions of an adopted habitat conservation plan, natural community conservation plan, or other approved local, regional, or state habitat conservation plan. 
	NI 


	TABLE 3.7-1 SUMMARY OF IMPACT CONCLUSIONS—CULTURAL RESOURCES 
	TABLE 3.7-1 SUMMARY OF IMPACT CONCLUSIONS—CULTURAL RESOURCES 
	TABLE 3.7-1 SUMMARY OF IMPACT CONCLUSIONS—CULTURAL RESOURCES 

	Impact Statement 
	Impact Statement 
	Operations andMaintenance 

	3.7-1: Implementation of the Pulse Flows Component could cause a substantial adverse change in the significance of a historical resource pursuant to State CEQA Guidelines Section 15064.5. 
	3.7-1: Implementation of the Pulse Flows Component could cause a substantial adverse change in the significance of a historical resource pursuant to State CEQA Guidelines Section 15064.5. 
	LTS 

	3.7-2: Implementation of the Pulse Flows Component could cause a substantial adverse change in the significance of an archaeological resource pursuant to State CEQA Guidelines Section 15064.5. 
	3.7-2: Implementation of the Pulse Flows Component could cause a substantial adverse change in the significance of an archaeological resource pursuant to State CEQA Guidelines Section 15064.5. 
	LTS 

	3.7-3: Implementation of the Pulse Flows Component could disturb human remains, including those interred outside of dedicated cemeteries. 
	3.7-3: Implementation of the Pulse Flows Component could disturb human remains, including those interred outside of dedicated cemeteries. 
	LTS 
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	TABLE 3.9-1 SUMMARY OF IMPACT CONCLUSIONS—ENERGY AND GREENHOUSE GAS EMISSIONS 
	TABLE 3.9-1 SUMMARY OF IMPACT CONCLUSIONS—ENERGY AND GREENHOUSE GAS EMISSIONS 
	TABLE 3.9-1 SUMMARY OF IMPACT CONCLUSIONS—ENERGY AND GREENHOUSE GAS EMISSIONS 

	Impact Statement 
	Impact Statement 
	Operations andMaintenance 

	3.9-1: Implementation of the Pulse Flows Component would result in a potentially significant environmental impact due to wasteful, inefficient, or unnecessary consumption of energy resources, during project operation. 
	3.9-1: Implementation of the Pulse Flows Component would result in a potentially significant environmental impact due to wasteful, inefficient, or unnecessary consumption of energy resources, during project operation. 
	LTS 

	3.9-2: Implementation of the Pulse Flows Component would conflict with or obstruct a State or local plan for renewable energy or energy efficiency. 
	3.9-2: Implementation of the Pulse Flows Component would conflict with or obstruct a State or local plan for renewable energy or energy efficiency. 
	NI 

	3.9-3: Implementation of the Pulse Flows Component would generate GHG emissions, either directly or indirectly, that may have a significant impact on the environment. 
	3.9-3: Implementation of the Pulse Flows Component would generate GHG emissions, either directly or indirectly, that may have a significant impact on the environment. 
	LTS 

	3.9-4: Implementation of the Pulse Flows Component would conflict with an applicable plan, policy, or regulation adopted for the purpose of reducing the emissions of GHGs. 
	3.9-4: Implementation of the Pulse Flows Component would conflict with an applicable plan, policy, or regulation adopted for the purpose of reducing the emissions of GHGs. 
	NI 
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	TABLE 3.10-1 SUMMARY OF IMPACT CONCLUSIONS—RECREATION 
	TABLE 3.10-1 SUMMARY OF IMPACT CONCLUSIONS—RECREATION 
	TABLE 3.10-1 SUMMARY OF IMPACT CONCLUSIONS—RECREATION 

	Impact Statement 
	Impact Statement 
	Operations and Maintenance 

	3.10-1: Implementation of the Pulse Flows Component would increase the use of existing neighborhood and regional parks or other recreational facilities such that substantial physical deterioration of the facility would occur or be accelerated. 
	3.10-1: Implementation of the Pulse Flows Component would increase the use of existing neighborhood and regional parks or other recreational facilities such that substantial physical deterioration of the facility would occur or be accelerated. 
	LTS 

	3.10-2: Implementation of the Pulse Flows Component would include recreational facilities or require the construction or expansion of recreational facilities which that might have an adverse physical effect on the environment. 
	3.10-2: Implementation of the Pulse Flows Component would include recreational facilities or require the construction or expansion of recreational facilities which that might have an adverse physical effect on the environment. 
	NI 


	Study Area Geologic Description Paleontological Sensitivity 
	TABLE 3.11-1 DESCRIPTION OF GEOLOGICAL AREAS AND PALEONTOLOGICAL SENSITIVITY 
	TABLE 3.11-1 DESCRIPTION OF GEOLOGICAL AREAS AND PALEONTOLOGICAL SENSITIVITY 


	Lake Oroville 
	Lake Oroville 
	Lake Oroville 
	Pliocene volcanic rocks (andesite, basalt, cinder cones), Tuscan Formation (Pliocene interbedded lahars, volcanic conglomerate, volcanic sandstone, siltstone, and pumiceous tuff), Feather River Peridotite Belt (Triassic metamorphic rocks consisting of quartz, mica, and hornblende schists), Smartville Complex (Jurassic volcanic rocks consisting of pyroclastic rocks and flows and undifferentiated volcanic rocks), and Bald Rock Pluton (Mesozoic quartz diorite, tonalite, trondhemite, quartz monzonite) 
	Low 

	Southwest of Lake Oroville 
	Southwest of Lake Oroville 
	Lovejoy Basalt (Miocene extrusive, fine-grained volcanic rocks), Tuscan Formation (Pliocene interbedded lahars, volcanic conglomerate, volcanic sandstone, siltstone, and pumiceous tuff), Laguna Formation (Pliocene interbedded alluvial gravel, sand, and silt), Holocene alluvial deposits, and Historic dredge and mine tailings 
	Low 

	TR
	Chico Formation (Cretaceous marine sandstone and minor siltstone), Ione Formation (Eocene light-colored conglomerate, sandstone, and claystone), Riverbank Formation (Pleistocene weathered reddish gravel, sand, and silt forming alluvial terrace and fan deposits), and Modesto Formation (Pleistocene unconsolidated, unweathered gravel, sand, silt, and clay) 
	High 

	Feather River 
	Feather River 
	Holocene alluvial deposits (clay, silt, sand, gravel, cobbles, and boulders in various layers and mixtures), slickens (fine, clay-rich, light yellow-brown powdery residue from hydraulic mining), Historic dredge tailings, and Historic floodplain deposits 
	Low 

	TR
	Modesto Formation 
	High 

	Sacramento River 
	Sacramento River 
	Holocene alluvial deposits, Holocene basin deposits, Holocene stream channel deposits, Historic dredge tailings, and Historic floodplain deposits 
	Low 


	Sacramento–San Joaquin Delta 
	Sacramento–San Joaquin Delta 
	Sacramento–San Joaquin Delta 
	Merritt Sand (Pleistocene beach and dune sand deposits); Holocene peat and organic soils, alluvium, and levee and channel deposits; and Holocene Bay Mud 
	Low 

	TR
	Pleistocene alluvium (weakly to moderately consolidated, poorly sorted, interbedded clay, stilt, sand, and gravel) 
	High 

	Suisun Marsh 
	Suisun Marsh 
	Holocene intertidal deposits composed of Bay Mud and medium-grained alluvium 
	Low 


	TABLE 3.11-2 SUMMARY OF IMPACT CONCLUSIONS—GEOLOGY AND SOILS 
	TABLE 3.11-2 SUMMARY OF IMPACT CONCLUSIONS—GEOLOGY AND SOILS 
	TABLE 3.11-2 SUMMARY OF IMPACT CONCLUSIONS—GEOLOGY AND SOILS 

	Impact Statement 
	Impact Statement 
	Operations and Maintenance 

	3.11-1: Implementation of the Pulse Flows Component would result in substantial soil erosion or the loss of topsoil. 
	3.11-1: Implementation of the Pulse Flows Component would result in substantial soil erosion or the loss of topsoil. 
	LTS 

	3.11-2: Implementation of the Pulse Flows Component would be located on a geologic unit or soil that is unstable, or that would become unstable as a result of the project, and potentially result in on- or off-site landslide, lateral spreading, subsidence, liquefaction or collapse. 
	3.11-2: Implementation of the Pulse Flows Component would be located on a geologic unit or soil that is unstable, or that would become unstable as a result of the project, and potentially result in on- or off-site landslide, lateral spreading, subsidence, liquefaction or collapse. 
	LTS 

	3.11-3: Implementation of the Pulse Flows Component would directly or indirectly cause potential substantial adverse effects, including the risk of loss from surface fault rupture, strong seismic ground shaking, seismic-related ground failure including liquefaction, or landslide. 
	3.11-3: Implementation of the Pulse Flows Component would directly or indirectly cause potential substantial adverse effects, including the risk of loss from surface fault rupture, strong seismic ground shaking, seismic-related ground failure including liquefaction, or landslide. 
	NI 

	3.11-4: Implementation of the Pulse Flows Component would be located on expansive soil creating substantial direct or indirect risks to life or property. 
	3.11-4: Implementation of the Pulse Flows Component would be located on expansive soil creating substantial direct or indirect risks to life or property. 
	NI 

	3.11-5: Implementation of the Pulse Flows Component would have soils incapable of adequately supporting the use of septic tanks or alternative waste water disposal systems where sewers are not available for the disposal of waste water. 
	3.11-5: Implementation of the Pulse Flows Component would have soils incapable of adequately supporting the use of septic tanks or alternative waste water disposal systems where sewers are not available for the disposal of waste water. 
	NI 

	3.11-6: Implementation of the Pulse Flows Component would directly or indirectly destroy a unique paleontological resource or site or unique geologic feature. 
	3.11-6: Implementation of the Pulse Flows Component would directly or indirectly destroy a unique paleontological resource or site or unique geologic feature. 
	LTS 


	Figure
	Figure
	Figure
	TABLE 3.12-1 SUMMARY OF IMPACT CONCLUSIONS—AGRICULTURE AND FORESTRY RESOURCES 
	TABLE 3.12-1 SUMMARY OF IMPACT CONCLUSIONS—AGRICULTURE AND FORESTRY RESOURCES 
	TABLE 3.12-1 SUMMARY OF IMPACT CONCLUSIONS—AGRICULTURE AND FORESTRY RESOURCES 

	Impact Statement 
	Impact Statement 
	Operations and Maintenance 

	3.12-1: Implementation of the Pulse Flows Component would convert Prime Farmland, Unique Farmland, or Farmland of Statewide Importance (Farmland), as shown on the maps prepared pursuant to the Farmland Mapping and Monitoring Program of the California Resources Agency, to non-agricultural use. 
	3.12-1: Implementation of the Pulse Flows Component would convert Prime Farmland, Unique Farmland, or Farmland of Statewide Importance (Farmland), as shown on the maps prepared pursuant to the Farmland Mapping and Monitoring Program of the California Resources Agency, to non-agricultural use. 
	LTS 

	3.12-2: Implementation of the Pulse Flows Component would conflict with existing zoning for agricultural use or a Williamson Act contract. 
	3.12-2: Implementation of the Pulse Flows Component would conflict with existing zoning for agricultural use or a Williamson Act contract. 
	LTS 

	3.12-3: Implementation of the Pulse Flows Component would conflict with existing zoning for, or cause rezoning of, forest land (as defined in PRC Section 12220[g]), timberland (as defined by PRC Section 4526), or timberland zoned Timberland Production (as defined by Government Code Section 51104[g]). 
	3.12-3: Implementation of the Pulse Flows Component would conflict with existing zoning for, or cause rezoning of, forest land (as defined in PRC Section 12220[g]), timberland (as defined by PRC Section 4526), or timberland zoned Timberland Production (as defined by Government Code Section 51104[g]). 
	LTS 

	3.12-4: Implementation of the Pulse Flows Component would result in the loss of forest land or conversion of forest land to non-forest use. 
	3.12-4: Implementation of the Pulse Flows Component would result in the loss of forest land or conversion of forest land to non-forest use. 
	LTS 

	3.12-5: Implementation of the Pulse Flows Component would involve other changes in the existing environment, which, due to their location or nature, could result in conversion of Farmland to non-agricultural use or conversion of forest land to non-forest use 
	3.12-5: Implementation of the Pulse Flows Component would involve other changes in the existing environment, which, due to their location or nature, could result in conversion of Farmland to non-agricultural use or conversion of forest land to non-forest use 
	LTS 
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	GLOSSARY OF ACRONYMS 
	Acronym 
	Acronym 
	Acronym 
	Meaning 

	1D 
	1D 
	one-dimensional 

	2D 
	2D 
	two-dimensional 

	AN 
	AN 
	above normal 

	BC 
	BC 
	boundary condition 

	cbec 
	cbec 
	cbec eco engineering, inc. 

	CD 
	CD 
	critically dry 

	CDFW 
	CDFW 
	California Department of Fish and Wildlife 

	cfs 
	cfs 
	cubic feet per second 

	CVFED 
	CVFED 
	Central Valley Floodplain Evaluation and Delineation Program 

	CVFPP 
	CVFPP 
	Central Valley Flood Protection Program 

	DEM 
	DEM 
	digital elevation model 

	DWR 
	DWR 
	California Department of Water Resources 

	FRRM 
	FRRM 
	Feather River Regional Model 

	ft 
	ft 
	feet 

	HEC 
	HEC 
	USACE Hydraulic Engineering Center 

	HEC-RAS 
	HEC-RAS 
	USACE Hydraulic Engineering Center – River Analysis System software 

	IQR 
	IQR 
	interquartile range 

	NAD83 
	NAD83 
	North American Datum of 1983 

	NAVD88 
	NAVD88 
	North American Vertical Datum of 1988 

	RM 
	RM 
	river mile 

	RMSE 
	RMSE 
	root-mean-square-error 

	RS 
	RS 
	HEC-RAS model river station 

	RTK-GPS 
	RTK-GPS 
	Real-time Kinematic Global Positioning System 

	SEIR 
	SEIR 
	Supplemental Environmental Impact Report 

	WSE 
	WSE 
	water surface elevation 

	WY 
	WY 
	water year 

	WSIP 
	WSIP 
	Water Storage Investment Program 

	XS 
	XS 
	cross section 
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	1 INTRODUCTION 
	cbec has conducted technical analysis to support the Supplemental Environmental Impact Report (SEIR) for the Pulse Flows Component of the Water Storage Investment Program (WSIP) Groundwater Projects (Pulse Flows Component). This analysis includes an evaluation of potential impacts related to the implementation of pulse flow releases to the lower Feather River from the Oroville Facility. The evaluation includes quantification of changes to hydraulic properties (depth, velocity, and inundation extents) on the
	1.1 PULSE FLOW RELEASE DESCRIPTION 
	A detailed description of the proposed pulse flow releases and the assumptions made to support the impact assessment are included in Section 2.4 of the Draft SEIR. Excerpts from this description are included below and provide a basis for the impact assessment. 
	The three WSIP Groundwater Projects have identified a maximum cumulative amount of water to collectively contribute to a pulse flow in any one-year period equivalent to approximately 100,000 acre-feet (af). The magnitude of a pulse flow release will depend on the volume of water made available by the WSIP Groundwater Projects, as well as on CDFW’s request and DWR’s approval of the pulse flow release. In a given year, CDFW may request a pulse flow volume ranging from 5,000 af to the full 100,000 af developed
	1 

	The pulse flow releases would augment flows in the lower Feather River, Sacramento River, and through the Delta in drier years when there are typically lower flows (e.g., dry or below normal water year types). The request for pulse flow releases could be made any time in the spring months (March, April, May, and/or June) of critically dry, dry, below normal, or above normal water year types. A “recovery period” for Lake Oroville would occur during the summer months (July through September) immediately follo
	A 2016 Biological Opinion issued by NMFS sets a minimum instream flow requirement for the low flow channel of the Feather River at 700 cfs, which increases to 800 cfs from September 9 through March 31 of each year to accommodate spawning, unless NMFS, USFWS, and CDFW provide a written notice that a flow between 700 and 800 cfs will substantially meet the needs of anadromous fish (in which event, DWR may release that lower flow) (NMFS 2016). This is a regulatory requirement, and all regulatory and operationa
	1
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	1.2 CONSERVATIVE PULSE FLOW RELEASE SCENARIO 
	For the impact analysis, the Draft SEIR defines a conservative pulse flow release scenario (magnitude, duration, and frequency) because there could be substantial variation in the number of pulse flows requested, the volume of water dedicated to each pulse flow, and/or the flow rate of each pulse flow release. The conservative pulse flow release scenario is defined as a maximum flow of 10,000 cfs (base flow plus pulse flow release) over a short duration (~5 days) in the spring months (March, April, May, or 
	DWR would not likely approve a pulse flow release in a critically dry year; however, evaluating anticipated effects of the pulse flows component in a critically dry year provides a conservative analysis of impacts across all dry water year types (i.e., critically dry, dry, and below normal water years); this is because the release of a pulse flow in a critically dry year would create the most noticeable change in flowrates, water levels, and inundation, and would necessitate the longest recovery period for 
	The conservative pulse flow release scenario is simulated using a hydrodynamic HEC-RAS model of the Feather and Sacramento rivers to quantify effects of the pulse flow releases on hydraulic properties of existing conditions. In addition, output from the hydrodynamic model simulations are used to examine pulse flow effects on geomorphic processes including cumulative sediment transport mass and bank erosion. 
	2 MODEL DEVELOPMENT 
	2.1 CVFPP/SUTYOL MODEL ADAPTATION 
	For this study, we adapted the Sutter and Yolo Bypass HEC-RAS model (SUTYOL) originally developed by CH2M under the CVFPP Task Order 15-12 (DWR 2017). The SUTYOL model serves as the base model for the Feather River Regional Model (FRRM) we developed for use in this study (Figure 2). For a full description of the CVFPP 1D/2D model, the reader is referred to DWR (2017). 
	2.2 MODEL DOMAIN TRUNCATION 
	For this study, we implemented the Feather River Regional Model (FRRM) with HEC-RAS 6.3.1 software (USACE 2016). The SUTYOL 1D/ 2D hybrid model, developed as part of the CVFPP, extends south from Chico, CA to the Sacramento–San Joaquin River Delta, south of Rio Vista, CA. The model includes all major tributaries to the Sacramento River system, including the Feather River from Lake Oroville, Yuba River, Bear River, Sutter Bypass, and American River. We reduced the spatial domain of the model to focus on the 
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	model roughness values were also modified from the original model to calibrate to observed water surface elevation data. 
	2.3 MANNING’S N VALUES 
	We adapted floodplain Manning’s n (roughness) values in the 2D domains from vegetation cover from the California Department of Fish and Wildlife VegCAMP program. The VegCAMP data are based on higher resolution images and data extraction techniques than the original CVFPP model roughness mapping. We merged two data sets from the VegCAMP library to cover the entire Feather River Regional Model domain: the 2016 Delta Vegetation and Land Use Update (ds2855) and the Great Valley Ecoregion Vegetation and Land Use
	Table 1. -2D domain Manning’s n values 
	Land Cover Type 
	Land Cover Type 
	Land Cover Type 
	Manning’s n Value 

	Annual Grassland 
	Annual Grassland 
	0.03 – 0.055 

	Barren 
	Barren 
	0.03 

	Blue Oak-Foothill Pine 
	Blue Oak-Foothill Pine 
	0.05 

	Coastal Oak Woodland 
	Coastal Oak Woodland 
	0.05 

	Coastal Scrub 
	Coastal Scrub 
	0.06 

	Deciduous Orchard 
	Deciduous Orchard 
	0.0325 – 0.05 

	Eucalyptus 
	Eucalyptus 
	0.06 

	Evergreen Orchard 
	Evergreen Orchard 
	0.06 

	Fresh Emergent Wetland 
	Fresh Emergent Wetland 
	0.06 

	Irrigated Grain Crops 
	Irrigated Grain Crops 
	0.03 

	Irrigated Row and Field Crops 
	Irrigated Row and Field Crops 
	0.03 

	Riverine 
	Riverine 
	0.025 – 0.04 

	Mixed Chaparral 
	Mixed Chaparral 
	0.05 

	Montane Hardwood 
	Montane Hardwood 
	0.05 

	Pasture 
	Pasture 
	0.03 

	Rice 
	Rice 
	0.03 

	Saline Emergent Wetland 
	Saline Emergent Wetland 
	0.07 

	Urban 
	Urban 
	0.06 

	Valley Foothill Riparian 
	Valley Foothill Riparian 
	0.08 

	Valley Oak Woodland 
	Valley Oak Woodland 
	0.05 

	Vineyard 
	Vineyard 
	0.04 

	Wet Meadow 
	Wet Meadow 
	0.03 
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	Table 2. -1D Manning’s n values 
	River Name 
	River Name 
	River Name 
	Model Reach 
	Manning’s n Values 

	Channel 
	Channel 
	Floodplain 

	American River 
	American River 
	AME R01 
	0.035 – 0.04 
	0.035 -0.1 

	Bear River 
	Bear River 
	BEA R01 
	0.04 
	0.035 -0.1 

	Colusa Basin Drain 
	Colusa Basin Drain 
	COD R01 
	0.035 
	0.045 – 0.055 

	Feather River 
	Feather River 
	FEA R01 
	0.027 
	0.04 – 0.065 

	FEA R02 
	FEA R02 
	0.0275 – 0.03 
	0.06 – 0.088 

	FEA R04 
	FEA R04 
	0.035 – 0.04 
	0.06 -0.08 

	FEA R05 
	FEA R05 
	0.035 – 0.04 
	0.055 – 0.08 

	Knight’s Landing Ridge Cut 
	Knight’s Landing Ridge Cut 
	KNI R01 
	0.035 – 0.045 
	0.035 -0.06 

	NEMDC/Steelhead Creek 
	NEMDC/Steelhead Creek 
	NEM R01 
	0.039 
	0.056 – 0.062 

	Sacramento River 
	Sacramento River 
	SAC R11 
	0.04 
	0.04 – 0.075 

	SAC R12 
	SAC R12 
	0.03 – 0.037 
	0.04 – 0.075 

	Wadsworth Canal 
	Wadsworth Canal 
	WAD R01 
	0.04 
	0.04 


	2.4 BOUNDARY CONDITONS 
	Boundary conditions (BC) for a hydraulic model represent numerical points where water enters or exits the model. Upstream BCs are locations where water enters the system and are typically represented by time series corresponding to flow hydrographs. Downstream BCs are locations where water exits the system and are commonly represented by time series corresponding to stage hydrographs. Figure 2 and Table 3 detail the FRRM BC locations and source information. 
	2.4.1 FLOW 
	The majority of model inflow BCs were obtained from published records from the USGS and DWR (Table 3). Several model inflow locations were assumed to be steady inflows. These locations include Natomas Cross Canal, Steelhead Creek, and Wadsworth Canal, which are small tributaries to the model domain and do not have gaged data; and thus, an estimated minimum flow was specified to avoid numerical “dry” conditions and to maintain model stability. We determined the required minimum base flows at these locations 
	We estimated inflows to Bear River and Honcut Creek (tributaries to the Feather River) using hydrologic models (HEC HMS) of these watersheds originally developed in support of CVFED (USACE 2013a and 2013b). We used these models without parameter modification to simulate streamflow based upon observed 2019 precipitation data acquired from the National Oceanic and Atmospheric Administration (NOAA). 
	2.4.2 STAGE 
	Downstream BCs were stages at the Yolo Bypass at Lisbon Weir and on the Sacramento River at Freeport (Table 3; Figure 2). WSE data were converted from gage datums to NAVD88 for use in the FRRM. 
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	Table 3. -Model boundary conditions summary 
	Location 
	Location 
	Location 
	Data Source 
	Data Source/ Weblink 

	Upstream (Flow) 
	Upstream (Flow) 

	Feather River at Oroville 
	Feather River at Oroville 
	DWR A05191 
	Direct from DWR 

	Thermalito Afterbay 
	Thermalito Afterbay 
	DWR A05975 
	Direct from DWR 

	Sacramento River at Colusa 
	Sacramento River at Colusa 
	USGS 11389500 
	https://waterdata.usgs.gov/ca/nwis/uv/?site_no=11389500 

	Butte Slough near Meridian 
	Butte Slough near Meridian 
	DWR A02972 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=A02972 

	Colusa Basin Drain 
	Colusa Basin Drain 
	DWR A02945 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=A02945 

	Knights Landing Ridge Cut 
	Knights Landing Ridge Cut 
	DWR A02939 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=A02939 

	Cache Creek Settling Basin 
	Cache Creek Settling Basin 
	USGS 11452800 
	https://waterdata.usgs.gov/ca/nwis/uv/?site_no=11452800 

	Putah Creek 
	Putah Creek 
	-
	Estimated 

	Natomas Cross Canal 
	Natomas Cross Canal 
	-
	Estimated 

	Steelhead Creek/ NMDC 
	Steelhead Creek/ NMDC 
	-
	Estimated 

	Wadsworth Canal 
	Wadsworth Canal 
	-
	Estimated 

	American River at Fair Oaks 
	American River at Fair Oaks 
	USGS 11446500 
	https://waterdata.usgs.gov/ca/nwis/uv/?site_no=11446500 

	Downstream (Stage) 
	Downstream (Stage) 

	Sacramento River at Freeport 
	Sacramento River at Freeport 
	USGS 11447650 
	https://waterdata.usgs.gov/ca/nwis/uv/?site_no=11447650 

	Yolo Bypass near Lisbon Weir 
	Yolo Bypass near Lisbon Weir 
	DWR B91560 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=B91560 

	Calibration Data 
	Calibration Data 

	Feather River near Gridley 
	Feather River near Gridley 
	DWR A05165 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=A05165 

	Feather River at Yuba City 
	Feather River at Yuba City 
	DWR A05135 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=A05135 

	Feather River at Boyd's Landing 
	Feather River at Boyd's Landing 
	CDEC FSB 
	https://cdec.water.ca.gov/dynamicapp/QueryF?s=FSB 

	Feather River at Nicolaus 
	Feather River at Nicolaus 
	DWR A05102 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2=A05102 

	Sacramento River at I-Street 
	Sacramento River at I-Street 
	DWR A02100 
	https://wdl.water.ca.gov/ContinuousData.aspx?site2= A02100 


	3 MODEL CALIBRATION 
	We calibrated the model by adjusting Manning’s n values to obtain the best agreement between simulated and observed WSEs during a defined calibration period throughout the model domain. “Best agreement” was determined by the judgement of experienced hydraulic modelers carefully examining observed and simulated stage hydrographs for each gage. The following section details this procedure. Data for calibration was sourced as described in Table 3 above. For the calibration period, basic summary statistics were
	3.1 STAGE CALIBRATION RESULTS 
	The model was used to simulate water levels experienced from March 15, 2019 to May 28, 2019. Flow releases from Oroville Dam to the Low Flow Reach during this time ranged from about 1,650 to 16,500 cfs. Flows from the Thermalito Afterbay ranged between 3,200 to 8,500 cfs. These ranges of flow 
	5 cbec, inc. 
	5 cbec, inc. 

	encompass planned pulse flow conditions. This period also provides a range of tributary flows. Table 4 below details the calibration period results. Overall, simulated peak water surface elevations were within 
	0.5 ft of observed elevations, and RMSE’s were less than 1 ft. 
	Figure 4 shows calibration results for the Feather River at Gridley. Calibration was achieved by balancing the lower stages with higher stages. By increasing or decreasing roughness values, better agreement between the model output and either high flow or low flow water levels could be obtained. However, we selected roughness values to best represent the full range of stages. This approach produced an RMSE of about 0.4 ft. The difference between the maximum observed stage and the maximum simulated stage was
	Calibration results for the Feather River at Yuba City are shown in Figure 5. Excellent calibration was achieved across a range of stages including maxima. This calibration location experiences a backwater influence from the Yuba River, which is a critical hydraulic control in the system. The FRRM has been shown to replicate stages at Yuba City under a range of complicated hydraulic conditions. 
	Stage data from the gage at Boyd’s Pump, situated about 7 miles downstream from Yuba City, serves to assess the model’s performance downstream of the confluence of the Feather and Yuba Rivers. Figure 6 shows calibration results for this station. The model is well calibrated across a range of stages, and both the difference in maximum stages and RMSE were about 0.25 ft. 
	The final calibration point along the Feather River is the Nicolaus station, just downstream of Highway 99, near where the Feather River joins the Sutter Bypass to the west. Similar to the Yuba City gage, the Nicolaus gage experiences backwatering from the Sutter Bypass and Sacramento Rivers. The backwater effect can lead to multiple stages for the same discharge rate over the course of a flood. Figure 7 shows the calibrated water levels for the Nicolaus gage. Excellent calibration was achieved over a range
	Approximately 1.5 miles downstream of the confluence of the Feather and Sacramento Rivers, is the Verona gage operated by the USGS. Calibration results for the Verona gage are shown in Figure 8. The model is well calibrated for stages corresponding to water levels over 20 ft NAVD88. However, a short tidal-dominated period in May indicates the model slightly overpredicts at very low stages. This model overprediction during tidal periods leads to an elevated RMSE, because RMSE is sensitive to outliers. Figure
	The final calibration point in the model is just downstream of the confluence of the Sacramento and American Rivers, in downtown Sacramento (Figure 9). These results closely follow the pattern observed at Verona. The model overpredicts stages during the tidal-dominated period; however, higher stages are well calibrated and peak water levels were simulated within 0.2 ft of observed levels. 
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	Table 4. -Stage calibration summary 
	Location 
	Location 
	Location 
	Interval 
	Max. Observed (ft) 
	Max. Modeled (ft) 
	Max. Difference Mod-Obs (ft) 
	RMSE (ft) 

	Feather River near Gridley 
	Feather River near Gridley 
	Hourly 
	82.14 
	81.75 
	0.39 
	0.41 

	Feather River at Yuba City 
	Feather River at Yuba City 
	Hourly 
	48.40 
	48.36 
	-0.04 
	0.36 

	Feather River at Boyd's Landing 
	Feather River at Boyd's Landing 
	Hourly 
	42.10 
	42.31 
	0.21 
	0.28 

	Feather River at Nicolaus 
	Feather River at Nicolaus 
	Hourly 
	35.46 
	35.43 
	-0.03 
	0.26 

	Sacramento River at Verona 
	Sacramento River at Verona 
	Hourly 
	32.10 
	32.30 
	0.20 
	0.98 

	Sacramento River at Sacramento (I Street) 
	Sacramento River at Sacramento (I Street) 
	Hourly 
	23.73 
	23.88 
	0.15 
	0.71 


	4 HYDRAULIC IMPACT ASSESSMENT 
	An assessment was performed using the FRRM to investigate the impacts of a 10,000 cfs pulse flow + base flow release from the Oroville Dam to the Low Flow reach of the Feather River. This analysis was used to better understand the effects of pulse flows on depth, velocity, and inundation extent within the study area. These variables not only provide useful information to river managers about potential water level changes near infrastructure, but also act as a surrogate for other processes in the river syste
	The Feather River below Oroville Dam has experienced radical change since European settlement of the region in the 1800s. Prior to the completion of the Oroville Dam in 1968, large snowmelt dominated floods were frequently experienced along the Feather River. Since dam closure, peak flows were significantly reduced. Not only did the dam reduce peak flows, but it also virtually eliminated sediment transport past the dam. Over time, reduced flows of water and sediment have resulted in an incised and narrowing
	In the late 19century gold mining boomed in California, and hydraulic mining was conducted along the Feather and Yuba Rivers. Hydraulic mining used pressurized water to blast apart steep slopes in search of gold. This method is highly effective and fast; however, it creates an abundance of sediment (“tailings”) which were transported by the river. Over the course of many years, these hydraulic mining tailings were transported downstream and deposited in the Feather River floodplain. After hydraulic mining w
	th 
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	4.1 APPROACH 
	In this analysis, we investigated historical discharge records from water years (WY) (October 1through September 30) 1996 to 2021. To bookend our analysis and investigate a dry, low flow condition, and a wetter, higher flow condition, we limited this analysis to critically dry and above normal water years, as defined by the Sacramento River Index (). Data from wet water years were withheld from this portion of the analysis, under the assumption that a pulse flow would likely not be implemented in a wet year
	st 
	th
	https://cdec.water.ca.gov/reportapp/javareports?name=WSIHIST
	https://cdec.water.ca.gov/reportapp/javareports?name=WSIHIST


	The hydraulic impact analysis consists of two parts. The first examined the instantaneous effect of the pulse flow release in above normal (AN) and critically dry (CD) water years at the maximum proposed rate (10,000 cfs in the low flow channel) and volume (100,000 af). The effects were compared to existing conditions under a steady state by defining baseline with mean monthly flow data in the corresponding water year type. The second analysis served to contextualize the analysis under part one by testing w
	It should be noted that defining the baseline condition using mean monthly flows allows for an assessment of the influence of the pulse flow relative to typical (mean-monthly) conditions during timeframes and water year types at which it is proposed to be implemented. However, the pulse flow could be implemented over a wide range of flow conditions that fall above or below the mean monthly values considered in this analysis. As such, the relative effect of a pulse flow applied to a baseline condition that v
	4.1.1 MEAN MONTHLY HYDRAULIC IMPACT ASSESMENT 
	Mean monthly discharges were calculated for six primary inflow boundary condition locations within the model domain. These locations are shown in Figure 10 and not only represent most of the inflow, but also offer long periods of record. For each gage, a monthly mean discharge was calculated within the analysis period (WY 1996-2021) using daily data for both critically dry (CD), and above normal (AN) water years. The CD years used for this analysis were 2008, 2014, 2015, and 2021, and the AN years were 2000
	Baseline condition model runs were developed for eight scenario runs for each of the months of March through June for two water years (Table 5). The monthly mean discharges for each primary boundary condition were run within the model for approximately ten days. This was done to allow the model to equilibrate to steady state across the entire model domain. Only the last time step of the model run was 
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	used in the subsequent analysis. Secondary BCs had a constant low flow discharge applied. This was done to enhance the signal of the pulse flow and serve as a conservative analysis. Additional tributary flows within the system can dampen the impacts associated with the pulse flows, as the relative percent of the total river discharge from the pulse flow is reduced each time tributary flows are added to the pulse flow. 
	Pulse flows were developed for this analysis by leaving all BCs consistent with the baseline condition except for Oroville, where water from the Oroville Dam enters the Low Flow reach. Discharge at this location was changed to 10,000 cfs for all eight scenarios. 
	Table 5. -Monthly mean discharge values (cfs) for water years 1996-2021 
	Location 
	Location 
	Location 
	Critically Dry 
	Above Normal 

	March 
	March 
	April 
	May 
	June 
	March 
	April 
	May 
	June 

	Feather River at Oroville 
	Feather River at Oroville 
	964 
	838 
	979 
	1,369 
	634 
	626 
	634 
	633 

	Thermalito Afterbay 
	Thermalito Afterbay 
	199 
	592 
	937 
	1,177 
	3,916 
	1,622 
	2,072 
	3,267 

	Yuba River at Marysville 
	Yuba River at Marysville 
	842 
	720 
	670 
	484 
	3,518 
	2,625 
	5,206 
	2,527 

	Butte Slough at Meridian 
	Butte Slough at Meridian 
	565 
	267 
	205 
	146 
	7,527 
	747 
	2,503 
	572 

	Sacramento River at Colusa 
	Sacramento River at Colusa 
	7,200 
	5,687 
	5,700 
	5,712 
	19,208 
	12,034 
	18,663 
	11,182 

	American River at Fair Oaks 
	American River at Fair Oaks 
	964 
	1,018 
	1,209 
	2,372 
	4,753 
	3,530 
	6,059 
	4,893 


	Water level, velocity, and inundation extent model outputs were exported for each simulation and are discussed in section 4.2.1 below. Results are presented by reach (Figure 11). Reach endpoints generally corresponded to tributary mouths, listed from upstream to downstream: Thermalito Afterbay Outlet, Honcut Creek, Yuba River, Bear River, Sutter Bypass, Sacramento River and American River. Although the study reach delineation was first distilled from tributary confluences, each reach exhibited different hyd
	4.1.2 MEAN DAILY FLOW CONTEXTUALIZATION ANALYSIS 
	Increasing flows to the river through a pulse flow from Oroville Dam is expected to increase water levels and velocity. However, the magnitude of change may or may not produce conditions outside the normal range. A second set of simulations were run to contextualize the results of the mean monthly hydraulic impact assessment. Depths and velocities associated with pulse flow releases were compared with the typical ranges experienced by the river and its biota. Five WYs were simulated within the FRRM. One of 
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	period. The 2003, 2006, 2007, 2016, and 2021 WYs were selected to be representative of the typically observed range of hydraulic conditions. 
	Mean daily flow records for these WYs were applied to the model for the five WYs at the six primary boundary conditions used above in the mean monthly flow analysis (Figure 10). Secondary boundary condition locations were applied similarly to the analysis described above, with steady low flow conditions used at each location. Distributions of water level and velocity from these simulations were compared to those from steady state simulations from the monthly flow analysis described above. 
	4.2 RESULTS 
	The following sections detail the results of the analyses described above. As stated previously, these results are a qualitative surrogate for changes in geomorphic processes such as erosion and deposition which are driven by increased or decreased velocities, depths and associated boundary shear stresses. However, further detailed analyses were used to ascertain the quantitative implications on sediment transport and bank erosion.  Sections 5 and 6 below feature those analyses. 
	4.2.1 MEAN MONTHLY HYDRAULIC IMPACT ASSESMENT RESULTS 
	The following section outlines the results of the mean monthly hydraulic impact assessment presented by study reach (Figure 11). Figures 12-31 (excluding the inundation maps) include box plots of the water level and velocity differences between baseline and the pulse flow. The box plot figures are organized by month and water year type, with the CD WYs denoted in red and AN WYs shown in blue. The shading of each bar plot is intended to denote the different months and does not represent any other value. Each
	For Figures 12-31 (excluding the inundation maps), the median water level or velocity difference is denoted as the horizontal black line within the box of each “box and whisker”. The box defines the interquartile range (IQR) of the data, meaning that 25% of the difference values fall below these levels (25percentile) and 25% of the difference values extend above the box (75percentile). The whiskers extending up and down are used to define a statistical minimum and maximum, which is calculated as (25percenti
	th 
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	Table 6. -Inundation extent differences 
	Reach 
	Reach 
	Reach 
	Month 
	Critically Dry 
	Above Normal 

	Pulse (Acres) 
	Pulse (Acres) 
	Base (Acres) 
	Diff. (Acres) 
	Change (%) 
	Pulse (Acres) 
	Base (Acres) 
	Diff. (Acres) 
	Change (%) 

	Feather River -Low Flow Reach 
	Feather River -Low Flow Reach 
	March 
	512 
	324 
	188 
	57.8% 
	518 
	322 
	196 
	60.9% 

	April 
	April 
	513 
	327 
	186 
	56.9% 
	514 
	319 
	195 
	61.2% 

	May 
	May 
	513 
	333 
	180 
	54.1% 
	515 
	320 
	195 
	60.9% 

	June 
	June 
	513 
	352 
	162 
	46.0% 
	517 
	321 
	196 
	60.9% 

	Feather River -LFR to Honcut C. 
	Feather River -LFR to Honcut C. 
	March 
	718 
	415 
	303 
	72.9% 
	803 
	518 
	285 
	55.0% 

	April 
	April 
	727 
	438 
	289 
	66.0% 
	751 
	467 
	284 
	60.8% 

	May 
	May 
	735 
	457 
	278 
	60.9% 
	760 
	478 
	282 
	59.0% 

	June 
	June 
	741 
	474 
	267 
	56.2% 
	788 
	506 
	282 
	55.8% 

	Feather River -Honcut C. to Yuba R. 
	Feather River -Honcut C. to Yuba R. 
	March 
	898 
	615 
	283 
	46.0% 
	977 
	722 
	254 
	35.2% 

	April 
	April 
	906 
	636 
	271 
	42.6% 
	928 
	666 
	262 
	39.3% 

	May 
	May 
	913 
	655 
	258 
	39.4% 
	943 
	682 
	260 
	38.2% 

	June 
	June 
	918 
	675 
	243 
	36.1% 
	962 
	708 
	254 
	35.9% 

	Feather River -Yuba R. to Bear R. 
	Feather River -Yuba R. to Bear R. 
	March 
	1,020 
	776 
	244 
	31.5% 
	1,248 
	913 
	335 
	36.7% 

	April 
	April 
	1,028 
	783 
	246 
	31.4% 
	1,108 
	824 
	284 
	34.5% 

	May 
	May 
	1,037 
	791 
	246 
	31.2% 
	1,230 
	905 
	325 
	35.9% 

	June 
	June 
	1,039 
	798 
	241 
	30.2% 
	1,157 
	855 
	302 
	35.4% 

	Feather River -Bear R. to Nicolaus 
	Feather River -Bear R. to Nicolaus 
	March 
	437 
	292 
	145 
	49.6% 
	578 
	433 
	145 
	33.5% 

	April 
	April 
	440 
	299 
	141 
	47.2% 
	486 
	349 
	137 
	39.3% 

	May 
	May 
	446 
	309 
	136 
	44.1% 
	545 
	404 
	141 
	35.0% 

	June 
	June 
	446 
	319 
	128 
	40.1% 
	502 
	363 
	139 
	38.4% 

	Feather River -Nicolaus to Verona 
	Feather River -Nicolaus to Verona 
	March 
	757 
	664 
	93 
	14.0% 
	4,467 
	4,102 
	366 
	8.9% 

	April 
	April 
	733 
	645 
	88 
	13.6% 
	1,439 
	744 
	695 
	93.5% 

	May 
	May 
	735 
	647 
	88 
	13.6% 
	3,533 
	2,290 
	1,243 
	54.3% 

	June 
	June 
	735 
	650 
	85 
	13.1% 
	1,527 
	750 
	777 
	103.6% 

	Sacramento River -Verona to American R. 
	Sacramento River -Verona to American R. 
	March 
	1,351 
	1,302 
	49 
	3.7% 
	1,497 
	1,442 
	55 
	3.8% 

	April 
	April 
	1,343 
	1,294 
	48 
	3.7% 
	1,398 
	1,348 
	50 
	3.7% 

	May 
	May 
	1,344 
	1,296 
	47 
	3.7% 
	1,465 
	1,418 
	47 
	3.3% 

	June 
	June 
	1,345 
	1,301 
	44 
	3.4% 
	1,410 
	1,354 
	56 
	4.1% 

	Sacramento River American R. to Freeport 
	Sacramento River American R. to Freeport 
	-

	March 
	972 
	949 
	23 
	2.5% 
	1,049 
	1,028 
	21 
	2.0% 

	April 
	April 
	968 
	946 
	22 
	2.4% 
	1,007 
	975 
	33 
	3.3% 

	May 
	May 
	970 
	947 
	23 
	2.5% 
	1,038 
	1,018 
	20 
	2.0% 

	June 
	June 
	971 
	950 
	21 
	2.2% 
	1,012 
	979 
	33 
	3.4% 
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	4.2.1.1 LOW FLOW REACH RESULTS 
	TheLow Flow reach extends from the Fish Barrier Dam to the Thermalito Afterbay Outlet, near theOroville Wildlife Area (Figure 11). Figure 12 shows the water level and velocity differences between the pulse flow and the baseline conditions for the Low Flow reach. Median water level differences range between 5-6 ft. Only May and June of the CD WY type show some variation. Median velocity increases from the pulse flow range between 2.0 and 2.5 feet per second (ft/s). Typical baseline flow levels in the Low Flo
	Table 6 contains the differences (pulse – baseline conditions) in the inundated area for the monthly mean model runs. The pulse flows increase the Low Flow reach inundation extents by 50-60% across the different WY types and months. As noted above, changes due to pulse flows would occur only on a few days every few years. The Low Flow reach is sensitive to changes in inundation extents, as the flow magnitude between the baseline condition and the pulse flow is approximately a factor of 10 (=10,000/1,000 cfs
	Figures 13 and 14 display the inundation extents for the March AN and April CD simulations, respectively. These two model simulations were chosen because they bracket the range of inundation extents (lowest and highest) assessed in the mean monthly flow analysis (see Table 5). Inundation associated with the baseline condition is shown in blue whereas the pulse flow is shown in purple. The pulse flow inundation is mapped underneath the baseline such that areas mapped under the baseline are inundated under bo
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	maximum pulse flow of 10,000 cfs indicate that the inundation footprint would increase over the baseline, but would be fully contained within the mainstem channel and adjacent floodplain infrastructure would not be inundated. Increased inundation is only noted within the “Other Land” land use type within the river corridor of this reach. The inundation extents between the AN and CD simulations are very similar, as the baseline condition only vary by about 200 cfs (Table 5) and the simulated pulse flow are t
	4.2.1.2 THERMALITO AFTERBAY OUTLET TO HONCUT CREEK RESULTS 
	Figure 15 displays the model results for the reach that extends from the Thermalito Afterbay Outlet (TAB) to about 14 miles downstream to the mouth of Honcut Creek (Figure 11). For this reach, the median water surface differences range between about 4.5 to 5.5 ft, and velocity differences are nearly the same across all months and WY types and are centered around 2 ft/s. Much of the variability in water level can be explained by the variations in flow contributions from the Thermalito Afterbay. Contributions
	Figures 13 and 16 show the inundation extents from the March AN simulation whereas Figures 14 and 17 display inundation associated with the April CD simulations. Baseline inundation extents in this reach are generally higher than in the low-flow reach due to the presence of numerous side / secondary channels. Overall, the increase in inundated area due to pulse flow is similar to the Low Flow reach and averages about 60%. Inundation extents associated with the AN simulation show slightly more inundation wit
	4.2.1.3 HONCUT CREEK TO THE YUBA RIVER RESULTS 
	The river between Honcut Creek and the Yuba River is characterized by a significant transition in bed sediment size. The riverbed is typically gravel and cobble in the upper reaches, but it transitions to mixed sand and gravel bed in this reach, and by the time the Feather River meets the Yuba River, the bed material is mostly sand. Figure 18 shows that median water level differences between pulse flow and baseline simulations range between 6-7 ft, and median velocity differences range between 1.5-2.0 ft/s.
	Figures 19 and 20 display the inundation extents for the reach upstream of Yuba City, for March AN and April CD simulations, respectively. These graphics, along with Figures 16 and 17, show that the river channel within the reach has a more sinuous, single threaded channel planform compared to the reach 
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	upstream with the vast majority of inundation contained with the mainstem channel. Although this reach is bordered by prime and unique farmland, nearly all of inundation simulated occurs within a land use defined as “Other Land”. 
	4.2.1.4 YUBA RIVER TO BEAR RIVER RESULTS 
	This reach extends south from Yuba City / Marysville for about 15 miles (Figure 11). Flow contributions from the Yuba River range from roughly 500 to about 5,000 cfs, which mitigates the influence of the pulse flow. Median water level changes within this study reach range from 4-5 ft, and velocity differences range between 1-2 ft/s (Figure 21). Inundation extents increase 30-35% due to the pulse flow additions. Figures 22 and 23 display simulated inundation between the baseline and pulse flow conditions for
	4.2.1.5 BEAR RIVER TO NICOLAUS RESULTS 
	The Bear River to Nicolaus reach is relatively short and in part was delineated by the transition from the Feather River to the Sutter Bypass; however, the downstream boundary of this reach is also the boundary between 1D and 2D model domains. Figure 24 depicts median water level increases of 4-5 ft and median velocity differences ranging from 0.5-1 ft/s. Of note is that the AN WY results exhibit an overall lower velocity difference than the CD WY. This is due to the elevated water levels in the lower tribu
	4.2.1.6 NICOLAUS TO VERONA RESULTS 
	The reach between the Nicolaus gage and Verona is the last segment of the Feather River before the confluence with the Sacramento River (Figure 11). The Feather River runs along the river left (east bank) of the Sutter Bypass. The river is bound on its left bank by a federal levee and is bound by agricultural levees on the right bank. Approximately 1 mile west from the right bank of the Feather River is the bounding federal levee which is on the river right of the bypass. The agricultural levee overtops und
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	Figure 27 shows median water levels changes between 4.5-5.5 ft and median velocity differences between for the CD model runs. The AN runs exhibit a lower range of median values for both water levels and velocity differences due to backwater from the Sacramento River. Median water level increases range between The highest water level and velocity differences are experienced when the Sacramento River flows are the lowest, thereby limiting the backwater influence. This also appears to work in conjunction with 
	about 1.5-1.75 ft/s 
	3.5-4.5 ft, and velocity increases fall between 1.0-1.25 ft/s. 

	Table 6 depicts the inundation acreage, and percent change from baseline for this reach. The CD model runs, which have Sutter bypass flows of around 500 cfs or less, exhibit limited inundation extent changes (~13%). Since the Feather River is constrained by federal and agricultural levees, the river does not overbank during the pulse flows from the Feather River, and the majority of the inundation is related to flooded extent increases within the Sutter Bypass. However, Nelson Slough allows water to enter t
	Flows entering the Sacramento River from the Sutter Bypass are backwatered in the Sutter Bypass due to pulse flow increasing stages in the Sacramento River. Under the lower flow conditions of the CD simulations in the Sutter Bypass, there are limited inundation extent increases. Under the AN condition, flows in the Feather River are higher, and lead to greater increases in inundation extents due to the backwater effect from the Sacramento River. The most notable increase is during the AN June simulation, wh
	Figures 28 and 29 display the simulated inundation extents for March AN and April CD conditions, respectively. For the AN WY condition, model results indicate that the majority of the Sutter Bypass is inundated under baseline and an increase in inundation extent is apparent with the addition of the pulse flow (Figure 28). For the CD WY condition, model results indicate that the Sutter Bypass is only inundated along the margins of the agricultural drain that runs along the west side of the Bypass under basel
	Conservation’s Important Farmlands Map (https://www.conservation.ca.gov/dlrp/fmmp). 

	4.2.1.7 VERONA TO AMERICAN RIVER RESULTS 
	The following two river reaches are just downstream of the confluence of the Feather and Sacramento Rivers. This reach of the Sacramento River is contained between two federal levees with limited floodplain 
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	inside the levees. In this reach, the median water level differences range between 3-4 ft (Figure 30) and velocity differences range between about 0.5-1.0 ft/s. Since the levees confine the river in this reach, the increased flows from the pulse contribution produce pronounced increases in water level. This is also observed in the inundation extents, as pulse flow only increases inundation area 3-4% over baseline inundation. Limited velocity differences are observed due to the relatively low slope of this r
	4.2.1.8 AMERICAN RIVER TO FREEPORT RESULTS 
	Figure 31 exhibits the decreasing trend of water level and velocity impacts moving downstream. Median water levels and velocity exhibit the lowest differences between pulse flows and baseline of all study reaches. Median water level differences range from 1.5-2.5 feet, and median velocity differences range between 0.4-0.8 ft/s. Pulse flow increases the inundation extent in this reach only 2-3%. 
	4.2.2 MEAN DAILY FLOW CONTEXTUALIZATION ANALYSIS RESULTS 
	This section reviews the results from mean daily flow contextualization analysis. Similar to the mean monthly flow analysis, box plots were used to depict statistical distributions. However, a few substantial differences should be noted. First, the contextualization box plots display absolute depth and velocity data, whereas the monthly average flow data displayed differences (pulse flow -baseline). Because of the addition of the baseline, pulse, and reference flows (results from the five water year simulat
	The purpose of the flow contextualization is to test whether the pulse flow depth and velocity distributions fall within the typical range of conditions experienced by the river and its biota. Although the pulse flow is an elevated stage compared to a typical baseflow, the proposed maximum discharge rate (10,000 cfs) is well below the bankfull (the stage at which water reaches the top of the riverbank and any further rise results in floodplain inundation) and is expected to fall within the typical range of 
	4.2.2.1 LOW FLOW REACH RESULTS 
	Figures 32 and 33 show the flow contextualization results for the CD and AN simulations. Similar results were observed for these two water year types. Median depth and velocity values for the pulse flow conditions fall between the 75percentile and the statistical maxima for the reference WYs. These results suggest that a flow of 10,000 cfs is uncommon within this reach. However, this result is associated with operations of the Oroville Dam Complex as opposed to the natural hydrologic variability in the syst
	th 
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	above minimum are routed though the Thermalito Complex for irrigation and power generation. Elevated flows are normally released in the Low Flow reach only during high flow events. This operational scheme leads to a bi-modal distribution of flows, with frequent occurrence of either relatively high or low discharges. Furthermore, typical flood releases are of short duration, similar to the proposed pulse flow releases. In general, pulse flow depths and velocities values are slightly elevated in this reach re
	4.2.2.2 THERMALITO AFTERBAY OUTLET TO HONCUT CREEK RESULTS 
	Figures 34 and 35 show results for the reach between the Thermalito Afterbay Outflow and the mouth of Honcut Creek. These results were similar to those for the Low Flow Reach. Typical median depths and velocities for the pulse flow fall just within or above the inner quartile range of the reference runs. This suggests that the distributions of depth and velocity during pulse flows in this reach are within typical ranges for existing conditions. 
	4.2.2.3 HONCUT CREEK TO THE YUBA RIVER RESULTS 
	Median depth and velocity values are shown in Figures 36 and 37 for the river reach between Honcut Creek and the Yuba River. As expected, pulse flows shifted depth and velocity distributions upward. Both the CD and AN model simulations produced median depths during pulse flows that were within the interquartile range of the reference water years. Velocity medians slightly exceeded the 75percentile but were well below the statistical maxima. This suggests that the increased water depths and velocities during
	th 

	4.2.2.4 YUBA RIVER TO BEAR RIVER RESULTS 
	Figures 38 and 39 depict the flow contextualization results for the reach between the mouths of the Yuba and Bear Rivers. Flow contributions from the Yuba River diminish the influence of pulse flow releases. Depth values within this reach are very similar to the reference runs, and not only the median but the majority of the pulse flow interquartile ranges overlap reference ranges. This suggests that the river commonly experiences similar depth distributions in this reach as under pulse flow conditions. Vel
	4.2.2.5 BEAR RIVER TO NICOLAUS RESULTS 
	Figures 40 and 41 show similar patterns as the reach immediately upstream. Median depth values fall within the typical range of variability of the system. Although median pulse flow velocity values are slightly above the 75percentile of the reference runs, they are well below the maximum values and fall within the typically occurring range. 
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	4.2.2.6 SUTTER BYPASS AND SACRAMENTO RIVER RESULTS 
	Figures 42 and 43 denote the depth and velocity contextualization analysis for the downstream most three reaches (Nicolaus to Verona, Verona to American River, and American River to Freeport). As previously mentioned, the further downstream from Oroville Dam, pulse flow comprises an increasingly 
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	smaller fraction of the total flow. Differences between baseline and pulse flow conditions become quite small. In many cases, the pulse flow interquartile ranges fall fully within the reference interquartile ranges. Although the pulse flow velocities are slightly increased over reference levels in some cases, the magnitude of these increases remains low. 
	5 SEDIMENT TRANSPORT IMPACT ASSESSMENT 
	Thefollowingsectionsdetail the sedimenttransportimpactassessment. Sedimentmovementisariverine geomorphic process. Dynamic interactions of erosion and deposition can provide high quality aquatic habitat and enhance processes that support ecosystem function. However, very high sediment loads can reduce habitat quality due to increased turbidity or the deposition of fine-grained material on spawning gravels. In this analysis, we use hydraulic data from the FRRM, sediment grain size data from field data collect
	5.1 APPROACH 
	The sediment transport analysis was conducted by developing sediment transport rating curves for Feather River reaches. A sediment rating curve provides a relationship between river flow and sediment load. The application of a sediment rating curve allows for the cumulative mass of sediment transported past a given cross section over a given period to be calculated from a flow time series. 
	This analysis compares the total transported mass of sediment, for the period of analysis (WY’s 19962021), for baseline and pulse flow conditions. A baseline condition time series was developed from mean daily flows for the primary gages shown in Figure 10. The baseline time series was developed by adding daily flow records for the appropriate mainstem gage and tributaries depending on the location of interest. The three mainstem gages considered in this analysis were the Feather River at Oroville, the Ther
	-

	The FRRM was used to run a range of steady state discharges which were combined with sediment transport rating curves to compute sediment loads. Time series of discharge, depth, velocity, slope, and wetted width were extracted from the FRRM results. Grain size information collected by cbec in 2017 and 2018 was also used as input to the transport calculations. Data collection and processing techniques are detailed in section 5.1.2 below. 
	Feather River reaches and cross-sections used for sediment transport analysis are depicted in Figure 48. For this analysis, the river was divided into four reaches based on bed material size and hydraulic parameters. Two gravel-dominated reaches were delineated in the upstream portion of the model domain. The Low Flow reach was selected due to the distinctive large grain size present here. Downstream of the Thermalito Afterbay Outflow, flows increase, and bed sediment begins to fine; however, gravel and cob
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	present in the bed, gradually increasing to nearly all sand just above the mouth of the Yuba River. Riverbed slope and sediment are relatively homogeneous downstream from the Yuba confluence. Although both sand and gravel are present in the reach between the Honcut and Yuba confluences, sediment transport in this section was analyzed using only the sand. This was done to provide the most conservative (high) estimate of transport, as coarser material load is less sensitive to changes associated with pulse fl
	5.1.1 PULSE FLOW TIME SERIES 
	The pulse flow time series was generated using a computer algorithm. This method was implemented to better understand how varying the timing of the pulse flow would impact sediment transport. The Feather River at Oroville time series data were modified to add the pulse flow following these rules: 
	L
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	The maximum flow rate in the low flow channel will not exceed 10,000 cfs. 
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	A total volume of 100,000 acre-feet will be released at the maximum flow rate. 

	LI
	Lbl
	ExtraCharSpan

	The pulse flow will only occur between March 1and June 30. 
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	The pulse flow will not be added in a wet water year. 
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	The pulse flow will occur every third year, except when the third year is a wet year. In that case, the pulse would be applied during the next WY that is not wet. This is a very conservative assumption and assumes that the pulse flow will be implemented at its maximum potential frequency. Although it is unlikely that this will occur in reality this assumption produces maximum potential impacts. 
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	For analysis, the first year in the time series during which the pulse is implemented is varied to create different sequences. 
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	The pulse flow would not be added during periods of elevated flow. The following lists includes the maximum allowable flow for any gage, Oroville = 5,000 cfs, Thermalito Afterbay = 5,000 cfs, Yuba River = 7,000 cfs, and Sacramento River at Verona = 30,000 cfs. These values were selected as a conservative estimate. These values were below flood stage at these gages, to ensure the pulse flow will not cause overbank flooding. 
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	The recovery period will not be applied. It is assumed that the 100,000-acre-foot pulse release will be offset in the summer months. These flow reductions were not applied for this analysis as the most conservative assumption for a sediment transport impact analysis would not decrease discharges later in the year. 


	Following the above assumptions, 100 pulse flow time series hydrographs were generated for the 25-yr analysis window. The pulse flow additions were added to the baseline conditions iteratively and offered a means for many permutations of the pulse flow to be applied to different start years, months, and days. Furthermore, it is worth noting that the added pulse flow was calculated to include the baseflow in the 10,000 cfs limit. For example, if the Low Flow reach was running at 1,000 cfs the pulse flow will
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	the final volume required to satisfy a 100,000-acre-foot pulse flow. The pulse flow was also implemented with no ramp-up or draw-down rules. This is a conservative assumption expected to cause the greatest amount of sediment transport. The actual pulse flow will have to follow ramp-up and draw-down rules, which should reduce discharge values and sediment transport. 
	5.1.2 GRAIN SIZE MAPPING 
	In the fall of 2017 and 2018 cbec conducted sediment sampling along the Feather River. The Feather River upstream of Honcut Creek features mostly cobble and gravel. In this reach a digital photo-sieving technique introduced by Buscombe (2013) was implemented. Over 120 photos of the bed material were taken and spatially located with a GPS unit. These images were then processed using the Digital Grain The result was a cumulative grain size distribution of surface sediment. 
	Size (DGS) algorithm using the Python programing language (https://github.com/DigitalGrainSize/pyDGS). 

	Downstream of Honcut Creek the river sediment begins to fine from gravel to sand. In areas of gravel deposits, the DGS method was implemented. Where sand and finer material was observed, grab samples were collected and sent to a laboratory for grain size analysis via sieve screening. Over 60 lab samples were collected between Honcut Creek and the confluence with the Sacramento River and analyzed. 
	The sediment particle size distribution information is presented as a longitudinal profile in Figure 49. For each study reach, the samples closest to the model cross-section used for the hydraulic parameters were reviewed and selected for the analysis. Figure 49 denotes different grain size percentiles, such that the number associated with each line indicates the percent of material which is finer than a given grain size. For example, if the D84 line reads 75 mm this indicates that 16% of the sample is larg
	5.1.3 TRANSPORT EQUATIONS 
	Four sediment transport formulas were selected for this analysis. Sediment transport relations must be carefully selected based on environmental factors. Transport relationships are based on the principles of physics but rely on specific laboratory or field data. Transport relations must be selected and applied to match the hydraulic and sediment characteristics underlying the supporting datasets. Sand- and gravel-bed rivers transport sediment differently and require different tools for analysis. Gravel and
	Even the best sediment transport relations, correctly selected and applied, produce uncertain results. Large differences between computed and measured sediment load are common. Uncertainty can be reduced by using measured data to calibrate formulas used for computations. Even if calibration data are 
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	not available, a relative analysis in which two scenarios (e.g, baseline and pulse flow) are compared, can lead to meaningful information. For this study, two transport equations were chosen for each material type. This was done to provide a greater level of understanding of the sedimentation patterns of the river and provide cross validation between the two methods. If the two formulas have conflicting results, further work would be required; however, if both formulas suggest the same trend, the analysis g
	In the gravel sections of river, we chose to evaluate the sediment transport with the Wilcock-Crowe (2003) and Parker (1990) transport equations. These equations are widely used formulas well accepted within the profession, which calculate sediment transport for each grain size fraction within the bed. Both include a hiding function, which simulates the way smaller particles are protected from fluid forces by nearby larger particles. Particle hiding is important situations where beds include mixtures of san
	For transport in the sand reaches we used the total load equations of Engelund and Hansen (1967) and Brownlie (1981). Of note is that the Engelund and Hansen equation does not require a minimum fluid stress to initiate sediment transport—this is a known limitation of this equation, and it is expected to overpredict transport at very low stages. Despite this limitation, the equation is well-suited for sand transport and is widely used. The Brownlie equation does incorporate a minimum stress to activate trans
	5.2 RESULTS 
	The following section provides the results of the sediment transport impact assessment. Table 7 depicts results broken down for each transport equation and study reach. The upper portion of the table denotes the gravel transport calculations, and the lower portion of the table details sand transport calculations. The reaches listed in the table are shown in Figure 48. In Table 7 there are three transport values listed for each pulse flow simulation. The minimum, maximum and average calculations were taken f
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	Table 7. – Feather River cumulative sediment transport results by reach, 1996-2021 
	Transport Type 
	Transport Type 
	Transport Type 
	Reach 
	Statistic 
	Wilcock- Crowe 
	Parker 1990 

	Pulse (Tons) 
	Pulse (Tons) 
	Base (Tons) 
	Diff. (Tons) 
	% Change 
	Pulse (Tons) 
	Base (Tons) 
	Diff. (Tons) 
	% Change 

	Gravel 
	Gravel 
	Low Flow (RM 66.5) 
	Min 
	56,438 
	56,304 
	134 
	0.24% 
	66,430 
	66,384 
	46 
	0.07% 

	Mean 
	Mean 
	56,451 
	147 
	0.26% 
	66,437 
	53 
	0.08% 

	Max 
	Max 
	56,470 
	165 
	0.29% 
	66,444 
	61 
	0.09% 

	High Flow (RM 53) 
	High Flow (RM 53) 
	Min 
	85,352 
	85,350 
	2 
	0.00% 
	60,399 
	60,399 
	0 
	0.00% 

	Mean 
	Mean 
	85,359 
	9 
	0.01% 
	60,406 
	7 
	0.01% 

	Max 
	Max 
	85,405 
	55 
	0.06% 
	60,472 
	74 
	0.12% 

	Transport Type 
	Transport Type 
	Reach 
	Statistic 
	Brownlie 
	Englund-Hansen 

	Pulse (Tons) 
	Pulse (Tons) 
	Base (Tons) 
	Diff. (Tons) 
	% Change 
	Pulse (Tons) 
	Base (Tons) 
	Diff. (Tons) 
	% Change 

	Sand 
	Sand 
	Transition (RM 30) 
	Min 
	4,839,010 
	4,822,184 
	16,826 
	0.35% 
	322,653 
	321,153 
	1,501 
	0.47% 

	Mean 
	Mean 
	4,849,169 
	26,985 
	0.56% 
	323,223 
	2,071 
	0.64% 

	Max 
	Max 
	4,865,730 
	43,546 
	0.90% 
	324,104 
	2,952 
	0.92% 

	Below Yuba River (RM 22) 
	Below Yuba River (RM 22) 
	Min 
	5,202,836 
	5,189,240 
	13,596 
	0.26% 
	713,033 
	710,319 
	2,714 
	0.38% 

	Mean 
	Mean 
	5,210,397 
	21,157 
	0.41% 
	713,614 
	3,294 
	0.46% 

	Max 
	Max 
	5,217,715 
	28,475 
	0.55% 
	714,287 
	3,967 
	0.56% 


	5.2.1 LOW FLOW REACH SEDIMENT TRANSPORT RESULTS 
	The bed of the Low Flow reach is dominated by cobble and gravel, and some of the upstream sections of the Low Flow reach have exposed bedrock. The coarse material requires substantial flow forces to transport it. Furthermore, the banks within this reach typically comprise coarse dredging material, some of which, was used for the construction of the Oroville Dam. Due to these factors, it is anticipated high discharges will be required to move a significant amount of sediment in these areas. 
	Figure 50 shows the sediment rating curves for the Low Flow reach. Both equations indicate transport rates during a pulse flow of 10,000 cfs less than 10 tons/day (the y-axis is a log scale). For context, 1.0 cubic yard of gravel typically weighs about 1.5 tons. Also of note is that the selected transport equations calculate the transport rates for each grain size found in the bed. The calculations for 10,000 cfs in this reach suggest that only the finest particles in the bed are mobile, and full mobility o
	Simulations indicate that 56,000 to 66,000 tons of material would be transported over the 25-year analysis window (Table 7). Pulse flows would increase these transport rates over baseline by less than 0.3% percent, with good agreement between the two sediment transport equations. These extremely small changes in transport rates are not significantly different, given the precision of the computed results. 
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	5.2.2 HIGH FLOW REACH SEDIMENT TRANSPORT RESULTS 
	The high flow reach of the Feather River carries combined flows released from the Oroville Dam and the Thermalito Afterbay. This reach, extending down to Honcut Creek, features gravel and cobble material. The frequency of very large cobble observed in the Low Flow reach diminishes as we move downstream. Figure 49 shows this pattern, where the D90 and D95 values decrease in this reach, but the overall median grain size (D50) remains similar, averaging around 30 mm. 
	The sediment rating curves calculated for this reach are shown in Figure 51. Although the grain sizes are only slightly finer, transport rates are lower in this reach. This is because channel velocities are lower in this reach than in the Low Flow reach due to lower channel bed slope. At low stages, the slope of the water surface is very low (0.0005) and does not substantially increase until flows exceed approximately 20,000 cfs. The steep gradient in the Low Flow reach creates higher velocities, and thus h
	Due to very limited mobility under low flow conditions, the pulse flow shows almost no change (~0.1%) in the transported load between the baseline condition and the pulse flow (Table 7). These findings are supported by both transport equations and indicate the pulse flow will have non-significant impact on sediment transport in the high flow reach. 
	5.2.3 TRANSITION REACH SEDIMENT TRANSPORT RESULTS 
	The transition reach lies between the mouths of Honcut Creek and Yuba River (Figure 48). Figure 49 shows significant variability of grain sizes within this reach. Our field experience in this reach revealed a complex mosaic of gravel and sand, either mixed or in heterogeneous patches. The reasons why river beds transition from gravel to sand is not well understood by science, and this process could be driven by multiple factors including terrain, local geology and vegetation patterns. However, for simplicit
	Figure 53 shows the resulting sediment rating curves within this reach. Both transport equations predict generally the same patterns: transport rates accelerate around 5,000 cfs and plateau around 30,000 cfs. Transport equations often yield results for a given reach that differ by an order of magnitude or more, as in this case. Since this is a relative analysis, the overall magnitude of predicted sediment load is less important than the baseline/pulse ratio. Figure 53 also shows that the Engelund and Hansen
	The bottom half of Table 7 presents the sand transport results. The overall mass of material transported in the sand reaches is one to two orders of magnitude greater than for the gravel reaches—a much greater amount of material is moved in the sand reaches due to the higher discharges there (due to tributary contributions), as well as the lower fluid forces required to move a grain of sand (diameter 0.0625–2 mm), 
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	versus that required for the larger gravel (diameter 32-64 mm). The maximum sediment mass transported through the transition reach under the pulse flow scenario was less than 1% greater than baseline, and the mean transport differences were about 0.5%. Since this reach contains sub-reaches or patches dominated by gravel which we did not consider, total transport mass was overpredicted in this analysis. Nevertheless, the small increases in transport rates computed due to the pulse flow are insignificant (not
	5.2.4 LOWER FEATHER RIVER REACH SEDIMENT TRANSPORT RESULTS 
	The last study reach in the sediment transport impact assessment is a sand bed reach, which extends from the Yuba River confluence to Nicolaus. The median bed material size is 0.72 mm, which is coarse sand. Given similar bed material grain sizes and cross-sectional geometries, it is not surprising that the transition reach rating curve and the lower Feather rating curve (Figure 49) are very similar. As for the transition reach, bed material transport is essentially zero for flows less than 5,000 cfs. 
	The overall transport masses are greater than for upstream reaches, as flows from the Yuba River increase flow rates. However, once the river corridor fills from levee to levee and the floodway is fully activated, transport rates do not rapidly increase with increasing discharge. Transport rate increases under the pulse flow condition are approximately 0.5% over baseline. These transport rate differences are insignificant (not different from zero) given the uncertainty in the analysis. 
	5.2.5 SUTTER BYPASS AND SACRAMENTO RIVER SEDIMENT TRANSPORT DISCUSSION 
	Given the limited pulse flow impacts within the Feather River system shown above, it is assumed that continuing this analysis downstream would result in similar, and quite likely smaller potential impacts. With the addition of flows from other sources, the fractional increase in total flow due to the pulse diminishes. These observations are supported by our hydraulic impact assessment, where decreasing water level and velocity differences were observed in these downstream reaches. Furthermore, the contextua
	6 BANK EROSION IMPACT ASSESSMENT 
	To assess potential impacts of pulse flow on riverbank erosion, it is important to understand some of the fundamental processes associated with meander bend/riverbank migration in alluvial river systems. In general, meanders are formed by the processes of erosion and deposition. Bank erosion is generally most intense along the outside of a meander bend and some of the sediment derived from this erosion, primarily sand and gravel, is typically deposited on a point bar comprising the inside of the next meande
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	to system and is dependent upon reach characteristics such as the local slope, bed and bank material, and the configuration of adjacent bends.  Other sources of sediment from upstream tributaries also contribute to deposition/bar growth within the reach. 
	The physical processes that influence riverbank erosion at the reach scale are controlled by a complex interaction of stresses and resisting forces that are a function of reach scale hydraulics (water velocity/ shear stress), geotechnical processes (slope stability), and bank material/ geometry/ vegetation (resisting forces). The rate at which these processes occur over the long-term is related to duration and frequency at which the stress forces applied to the riverbank exceed the resisting forces, which a
	6.1 APPROACH 
	Understanding of the fundamental processes governing river form allows for the interpretation of dynamic channel behavior and effects that impacts have on natural river corridor function. River form is controlled by the relative rates of sediment supply to the channel and the ability of the channel to transport that imposed supply (“transport capacity”). While quantitative metrics of sediment supply are difficult to prescribe, provides a direct and quantitative index of transport capacity (Knighton, 1998). 
	specific stream power 

	Specific stream power is the unit rate at which energy is applied to the channel bed and banks and provides a quantitative measure of the ”geomorphic energy regime” throughout a river system. It is closely related to dynamic processes including lateral riverbank migration and sediment transport. Specific stream power is defined as: 
	Ω= 𝜏𝜏uw 
	where 𝜏𝜏is the average bed shear stress, 𝑢𝑢is velocity, and 𝑤𝑤is the width of the channel (Larsen et al., 2006). Reach-scale analysis of specific stream power together with information on sediment input and storage, is a powerful tool for understanding riverine physical processes. 
	Larsen (2006) demonstrated that bank erosion rates are proportional to the magnitude of stream power and used linear regression to correlate the cumulative stream power (the summation of stream power over a specific time interval) with rates of bank erosion at 13 sites on the middle Sacramento River in California. Only stream power for flows above a specific threshold was included in the summation. A similar approach was developed by Soar et al. (2017) for characterizing river reaches in terms of their geom
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	Cumulative stream power was calculated by developing a relationship (rating curve) between bed shear stress (𝜏𝜏) velocity (𝑢𝑢) and wetted width (𝑤𝑤) relative to flow over a range of hydrologic conditions at historical bank erosion sites along the Feather River. These parameters were derived from output from the FRRM simulation that simulated a wide range of flows. Using the relationships between river flow and velocity/shear stress/width, a long-term time series (1996-2021) was developed for these par
	6.2 RESULTS 
	Results from the cumulative stream power analysis were similar to those for the sediment transport analysis presented above (Table 8). The pulse flow produced cumulative stream power about 1% greater than baseline. The locations for the bank erosion analysis were selected at active bank erosion sites. In the upper sections of the study reach (upstream of Honcut Creek), very little bank erosion is observed. The banks typically comprise coarse material, much like the bed of the river, and are fairly erosion r
	Table 8. – Cumulative Stream Power for Selected Feather River Bank Erosion Sites 
	Bank Erosion Site 
	Bank Erosion Site 
	Bank Erosion Site 
	Cumulative Stream Power (N/s) 
	% Change 

	Pulse 
	Pulse 
	Baseline 
	Diff. 

	Farm Site (RM 45.5) 
	Farm Site (RM 45.5) 
	981,895 
	971,300 
	10,595 
	1.1% 

	Southern Pacific Railroad (RM 31.5) 
	Southern Pacific Railroad (RM 31.5) 
	1,962,332 
	1,946,555 
	15,777 
	0.8% 

	Bear River Confluence (RM 12) 
	Bear River Confluence (RM 12) 
	4,154,016 
	4,117,819 
	36,197 
	0.9% 


	7 SUMMARY OF FINDINGS 
	The hydraulic effects of the proposed pulse flow release to the lower Feather and Sacramento Rivers were analyzed using HEC-RAS hydrodynamic model simulations. These simulations examined the instantaneous effect of the pulse flow release on water depth and velocity in AN and CD water years at the maximum proposed rate and volume. The effects were compared to existing baseline conditions by defining baseline with mean monthly flow data from either CD or AN water years. Findings from this analysis indicated t
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	to be in the low flow reach of the Feather River where the increases in flow due to the pulse regime were the greatest. The differences tended to decrease moving in the downstream direction as flow contributions from tributaries dampened the pulse-associated differences in flow and the corresponding differences in the hydraulic conditions due to the pulse. Increases in channel size (width and depth) moving in the downstream direction also tend to dampen these differences. Nuanced differences in inundation e
	Analysis was also conducted to further contextualize the results of the mean monthly hydraulic impact assessment. The purpose of the flow contextualization analysis was to test whether depths and velocities associated with the pulse flow releases fall within ranges experienced by the river both spatially and temporally. This analysis compared the mean monthly, reach-averaged depth and velocity results from the existing and the pulse flow conditions to depths and velocities from each day within the five refe
	Although the hydraulic impact and flow contextualization assessments provide useful metrics that quantify changes in hydraulic conditions (depth, velocity, and inundation extent) associated with the proposed pulse flow release, they do not directly provide insight into how those differences may affect longer-term geomorphic processes that control riverine form and function. The magnitude, duration, and frequency at which these hydrologic changes occur are fundamental to their potential to influence longer-t
	To provide the insight into these potential geomorphic effects, sediment transport rates were calculated for selected reaches of the Feather River for the 1996-2021 period under baseline (existing) and proposed pulse flow conditions. Conservative assumptions were made regarding the magnitude and frequency at which the pulse flows would be imposed. Further conservative assumptions were made regarding the dominance of sand over gravel in mixed bed reaches. Variation in pulse flow scheduling was considered by 
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	Geomorphic analysis was also conducted to further examine the potential for the proposed pulse flow release to affect bank erosion rates at three historic bank erosion sites along the Feather River. Similar to the sediment transport calculations, output from the hydrodynamic model was used to calculate cumulative specific stream power over the 1996-2021 timeframe under existing and proposed pulse flow conditions. Cumulative specific stream power has been demonstrated to correlate well with lateral bank migr
	This study relied on comparing modeled existing conditions (baseline) results to model pulse flow results. This methodology allows us to detect differences between two hydrologic scenarios, while limiting the uncertainty associated with absolute modeling results. Overall, the predicted impacts to reach scale hydraulics and the sediment transport regime associated with the proposed pulse flow are interpreted to be insignificant considering the natural variability of these processes in these river reaches and
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	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Inundation Extents − Panel 4 − April CD − Base vs. Pulse 
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	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
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	SEIR Impact Assessment of the Feather and Sacramento Rivers Mean Monthly Impact Assessment − Bear River to Nicolaus 
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	 Notes: AN = above normal water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
	 Notes: AN = above normal water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Inundation Extents − Panel 5 − March AN − Base vs. Pulse 

	Project No. 23−1008
	Project No. 23−1008
	 Created By: TKS
	 Figure 25

	TR
	TH
	Figure


	 Notes: CD = critically dry water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
	 Notes: CD = critically dry water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Inundation Extents − Panel 5 − April CD − Base vs. Pulse 
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	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
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	SEIR Impact Assessment of the Feather and Sacramento Rivers Mean Monthly Impact Assessment − Nicolaus to Verona 
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	 Notes: AN = above normal water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
	 Notes: AN = above normal water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
	TD
	Artifact

	 SEIR Impact Assessment of the Feather and Sacramento Rivers Inundation Extents − Panel 6 − March AN − Base vs. Pulse 
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	 Notes: CD = critically dry water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
	 Notes: CD = critically dry water year type. Data source: CA Dept. of Conservation Important Farmlands Map. (https://www.conservation.ca.gov/dlrp/fmmp)
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Inundation Extents − Panel 6 − April CD − Base vs. Pulse 
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	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
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	SEIR Impact Assessment of the Feather and Sacramento Rivers Mean Monthly Impact Assessment − Verona to American River 
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	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
	 Notes: WSE = water surface elevation. CD = critically dry. AN = above normal. Bar plots repersent the difference in water level and velocity between a pulse flow and basline simulation. 
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	SEIR Impact Assessment of the Feather and Sacramento Rivers Mean Monthly Impact Assessment − American River to Freeport 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − Low Flow Reach 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − Low Flow Reach 
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	 Notes: TAB = Thermalito Afterbay. CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: TAB = Thermalito Afterbay. CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − TAB to Honcut Creek 
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	 Notes: TAB = Thermalito Afterbay. CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: TAB = Thermalito Afterbay. CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − TAB to Honcut Creek 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − Honcut Creek to Yuba City 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − Honcut Creek to Yuba City 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − Yuba City to Bear River 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − Yuba City to Bear River 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − Bear River to Nicolaus 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − Bear River to Nicolaus 

	 Project No. 23−1008
	 Project No. 23−1008
	 Created By: TKS
	 Figure 41

	TR
	TH
	Figure


	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − Nicolaus to Verona 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − Nicolaus to Verona 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − Verona to American River 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − Verona to American River 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − CD − American River to Freeport 
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	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
	 Notes: CD = critically dry.  AN = above normal. Baseline and Pulse flow results represent a single flow based on the monthly mean discharges.  The Reference data is derived from mean daily data selected from five water years (2003, 2006, 2007, 2016, & 2021).
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Flow Contextualization Results − AN − American River to Freeport 
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	 Notes:
	 SEIR Impact Assessment of the Feather and Sacramento Rivers Sediment Transport Impact Assessment − Study Reaches 
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	Figure


	 Notes: This figure denotes different grain size percentiles, such that the number associated with each line indicates the percent of material which is finer than a given grain size.  For example, if the D84 line reads 75mm thisindicates the sample had 16% of the sample is larger than 75mm and 84% of the sample is finer than 75mm. 
	 Notes: This figure denotes different grain size percentiles, such that the number associated with each line indicates the percent of material which is finer than a given grain size.  For example, if the D84 line reads 75mm thisindicates the sample had 16% of the sample is larger than 75mm and 84% of the sample is finer than 75mm. 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Feather River Grain Size Measurements − Longitudinal Profile 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Sediment Transport Rating Curve − Low Flow Reach 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Sediment Transport Rating Curve − High Flow Reach 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Sediment Transport Rating Curve − Transition Flow Reach 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Sediment Transport Rating Curve − Lower Feather River Flow Reach 
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	 SEIR Impact Assessment of the Feather and Sacramento Rivers Bank Erosion Impact Assessment − Study Reaches 
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