— BUREAU OF —
RECLAMATION

Final Feasibility Report

North-of-the-Delta Offstream Storage Investigation

Costs to Produce this Report: $5,200,000

U.S. Department of the Interior December 2020



Mission Statements

The Department of the Interior (DOI) conserves and manages the
Nation’s natural resources and cultural heritage for the benefit and
enjoyment of the American people, provides scientific and other
information about natural resources and natural hazards to address
societal challenges and create opportunities for the American people,
and honors the Nation’s trust responsibilities or special commitments
to American Indians, Alaska Natives, and affiliated island
communities to help them prosper.

The mission of the Bureau of Reclamation is to manage, develop, and
protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




Final Feasibility Report

North-of-the-Delta Offstream Storage Investigation, California
Interior Region 10 - California-Great Basin

prepared for Reclamation by AECOM under Contract/Order No. GS-00F-188CA, 140R2018F0052

Cover Photo: Sites Reservoir proposed site (Sites Project Authority)



This page intentionally left blank.



Contents

EXeCutive SUMMATY ...cociiiiiiiiiiiiiiiiiiiiiiinssssssssssssssssssssssssssses ES-1
Background ........coviiiiiiiiiiiiii s ES-1
Sites Project AUthOTIty......oiiiiiiiiiiiiiiiiicec s ES-1
STUAY AL e ES-2
Problems, Needs, and Opportunities........ccovrceiniicininiieriiniieccescenns ES-2
Water SUPPLY ..o ES-2
CVP Operational FIexibility........cccovviiiiniiiiiiiiicieeceeeicenens ES-3
IL4 Water Supply to CVPIA Refuges.......ccccvviiiviniicciiiiccicccci, ES-3
Anadromous Fish......ccccccoie ES-4
Delta Ecosystem Enhancement.....c.cceevvnnnnnnnincicccccceeeenenenenenens ES-4
Planning Objectives, Constraints, and Considerations............cecceevvercecrevreniennen ES-4
National Planning ODbJectiVes.........cccviuiiiiiciiiniiciniiccncccne ES-4
Investigation-Specific Planning ObJectives ... ES-5
Directives and Planning Considerations.........cccceveiereerinicrenrinienensinienenen. ES-6
Formulation of Alternative Plans ..o ES-6
No Project AIerNatiVe. .....couiceiieiiiciniiccccc s ES-7
Cooperative Operations for Project Alternatives........ccoceeeueucueueieieininennnene, ES-7
Initial AItErNAtIVES ..cvvucvieciiciici s ES-7
Physical Accomplishments of Initial Alternatives.........cccocvvvvievvrinicnnnnn. ES-11
FInal AItErNAtiVES ..ot ES-17
Project Feasibility ......coiiiiiiiiiiiicici s ES-20
Technical Feasibility......ccoeuvuvriririnininiriiiiccicccieieieieeieteneteees e ES-20
Environmental Feasibility .......ccccceeeieinnnnnnncccceceerererenenenens ES-20
Economic Feasibility........cccoiiiiiiiiiiininiiniiicccccceeeeeeeeenes ES-20
Financial Feasibility........cccocviiiiiiiiinininiiiiccccccccceeeeees ES-20
Risk and UNCertainty....c.cceeeueueererereieieiiinininnssseecteeeeeeiesesesereseseseseseseees ES-25
Summary of the NED Plan .....cccccoevivnininnnnrcccccceeceeeeeneneneneees ES-26
Recommendations ... ES-27
Approvals and Funding..........cccevvvininininiiiiiccccee ES-28
Implementation Considerations..........cvuieueurinieererrinieinsiieesiiseessiseessesseenns ES-29
Water RIGNES.....ciiiiiiiiiiccc e ES-29
Agreements and Plans ..o ES-30
Regulatory and Related Requirements for Environmental Compliance..ES-30
Pre-Construction ACHVITES.....ccviuevieeiieeiiieicieicsesesesesescs s ES-31
CONSLIUCHON oottt nas ES-31
TIMEHNE .. ES-31
Chapter 1 INtrodUuCtion .......ceeeiiiiiiniiiiieeeiiiiiiiniieeeecenireereeeeesssssssseeeees 1-1
Purpose Statement for Study.......covieiiiiiiniiiiiic s 1-1
Organization of the Feasibility Report.......ccccvvviiiiiiniiiiiiiiiicccccccen, 1-3
Study AUhOTIZATON. .....cuiiiiiiiciiic e 1-4
Federal Authorization for Feasibility Investigation..........ccccevuvvvirivirinininccnce. 1-4
Department of Water Resources and State Authorization for
Feasibility INVESHGAtION ..c.cuviiiiiiiiiicieiiiceirieee e 1-6
North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents December 2020 — i



Sites Project AUthOLItY.....ccovuiiviriiiniiiiiccccc e 1-6
State-Led Project Under Water Infrastructure Improvements for the

INAHON ACT ittt ns 1-7
California Water Commission and Water Storage Investment
Program ... 1-9
Guidance in the CALFED ROD......cccoiiiiiiiniiiniiiiciicccccccnes 1-10
Feasibility Study PLrOCESS ....c.cueueieiriririririirsiecccicicicieieeietesetetetes e 1-11
PUblic SCOPING ....oiiiiiiiiiiiiiccr s 1-14
Public Review of Draft Feasibility Report and Draft EIR/EIS..........ccccccccoce.e. 1-15
STUAY AL . 1-16
Extended Study ALea ...t 1-16
Secondary StudY ALEa....c.cceeviririniririceccceeee e 1-17
Primary Study ALea ... 1-17
Considerations in the Project Setting......c.ooiiiiiiicceieiieiiinrrsssseee 1-17
Chapter 2 Problems, Needs, and Opportunities........cccceeeereeeescnneeeniinneeeennnnns 2-1
Identification PrOCESS ......cccuviieiiciiiniiiciiiiicic s 2-1
CALFED Record of DeCiSION ... 2-1
PUblic SCOPING ..o 2-1
California Water Action Plan ..o 2-2
Proposition 1, Water Quality, Supply, and Infrastructure Improvement
ACE OF 20T4 o 2-3
Sustainable Groundwater Management ACt ......cccocvvviceininicinincncecnens 2-4
Availability of Water for North-of-the-Delta Storage ..o, 2-5
Problems, Needs, and Opportunities for the NODOS Investigation................. 2-5
Water Supply and Water Supply Reliability......cccoviiiiiiiniiiiiiiiicninns 2-5
Incremental Level 4 Refuge Water SUpply .....ccoovvviiviviviciininiciician, 2-11
Coldwater Availability for Anadromous Fish ..., 2-17
Water QUALILY ...c.cueveveieieiiiririrrr ettt 2-19
Sustainable Hydropower Generation ........ccvvcevnivicnininicncininicesccnnn. 2-20
RECIEAtION.c..ciiiiiicc e 2-22
Flood-Damage Reduction..........cccceviiiiiiniiciiiniiciiiiccincceecceeccnenne 2-22
Cooperative Operations to Achieve Project Objectives ........ccvvevvivicrierincnnens 2-23
Existing Water Resources Facilities in Study Area........cccoevvvnviiiniiinnnne, 2-23
Central Valley Project ... 2-23
Colusa Basin D1ain ... 2-27
Glenn-Colusa Irrigation District Canal.........ccoveiviviiiiniiciniieicn, 2-27
State Water Project. ... 2-27
Chapter 3 Planning Objectives and Constraints and the Alternative
Development ProcCess.......eiieiiieiinuiriiieeeiiiiiiiniininieeeeennnennneeeeeeeeennn 3-1
Planning Objectives and CONSIAINLS ......cccvvvieiiciiiiiieiiiriieesieese s 3-1
Planning ODBJECHVES ....cviiiiiiiiciciceeeee e 3-1
National GOAlS.......cooviiiiiiiiiicc e 3-2
California GoalS.......ccccuiiviiiiiniicii e 3-2
Planning CONSANLS......cceviiiiieiiiiieiiiie e siasaes 3-2
Public Outreach Plan.......ccciiiiiiiiiici e 3-5
CALFED Evaluation of Statewide Reservoir Locations .........cccevvveveriririnincneee. 3-6
Alternative Development Process ........coviiiviicininiiciiniiciiccccceccenne 3-9
North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents December 2020 —ii



Identification and Evaluation of Measures to Address Primary Planning

ODJECHVES ..ttt 3-11
Chapter 4 Potential Offstream Storage Locations .........ccceeevuveeeieeecinneencnnenn. 4-1
Reservoir Location DesCrptions ... 4-1
Summary of Evaluation of Potential Locations ..........ccccceceeivininnnnnninnincae, 4-4
Chapter 5 Evaluation of Conveyance and Reservoir Size .......cccceeeuunnnnnnneenn. 5-1
Development of Conveyance MEaSuLEs .......coveueuriieriiriieriniiieessiieessisesenens 5-1
Conveyance from Reservoir to Service Areas or Locations with
Various Water Resource Needs and Uses .......ccccevvivivivvinininiicccccenenas 5-4
Initial Evaluation of Environmental Considerations of the
Conveyance MEASULES.......covuvuiviueiriniiieieieiinieeetstse et 5-4
Evaluation of Various Reservoir SIZeS.......ccuiiriiniiiiiniiciiiiiesceesicenenns 5-5
Conveyance and Reservoir Measures Considered for Further Evaluation.......... 5-7
Chapter 6 Alternative Development ......ccoocvuueiiiiieeiiiiiiinnnenieeeeinnninnnneeneee. 6-1
Previous Facility and Alternative Evaluations ........cccevvvvnnnncncncncccccccenenenes 6-1
Sites Reservolr AItErNAtIVES .....cuvucviecviiiciiciricrsicc s 6-1
Potential for Phased Implementation ..........ccccceueuvvinininnininninininiiiiccceceeenenes 6-4
Alternative Modeling ASSUMPLIONS ......cciiuiuiciiieieieieiiiiirrnrsceeeeeenen 6-4
No Action Alternative (NEPA)/No Project Alternative (CEQA) ....c.oveevcunnnee. 6-4
ACON AILEINATIVES ..eviviieiiiiciieiicie s 6-7
Alternative A (1.3 MAF Sites Reservoir, 2,000 cfs Delevan Pipeline
for Intake and Release) .....cocvvveueucinninieiccininnicicccrc e 6-7
Alternative B (1.8 MAF Sites Reservoir, 1,500 cfs Delevan Pipeline
for Release ONlY) ..ottt 6-9
Alternative C (1.8 MAF Sites Reservoir, 2,000 cfs Delevan Pipeline
for Intake and Release) .....cocvvveueivninieicucinnirieiccirnccceen e 6-11
Alternative D (1.8 MAF Sites Reservoir, 2,000 cfs Delevan Pipeline
for Intake and Release, Local Considerations).......cceeeueeverererrenerenenccncee 6-11
Facility DesCrIPions .....c.ccuciciiciiiiiriniiririsicccce e 6-15
SItES RESEIVOI ...ttt 6-15
Sites Resetvoir Inlet/Outlet Structure (All Altefnatives) ...c.cveeeereeeereeerreeennes 6-16
Tunnel Connecting Inlet/Outlet Structure to Sites
Pumping/Generating Plant (All AItefnatives) ......coceeveeeeneeeeneeerneeerneennee 6-17
Sites Pumping/Generating Plant (All Alternatives) .......ccveeeereeerneeerneeerneennee 6-17
Fletcher Reservoir (All AIENAtiVES) ..cvccececececeeeceerereierereiereieneinesesseseseseeeaene 6-18
Pump Installation at the Red Bluff Pumping Plant (All Alternatives) ........ 6-18
Terminal Regulating Reservoir (All Alternatives)......oovveveveririnicccceeenenes 6-19
TRR Pipeline (Al AIterNatives)......cccecieeeereieieiiiiiiinnssiiecccceeeenenes 6-19
Delevan Pipeline (All AIternatives).......coceeuvinicriivinieiininieensiieessiseessiiens 6-19
Delevan Intake Pumping/Generating Plant
(Alternatives A, C, and D)...c.ccoevivivininiiininiiiiiiccccccccce 6-20
Delevan Pipeline Discharge Facility (Alternative B) ..o 6-20
Road Relocations and South Bridge (All Alternatives)........cccocoevevvivicncunenans 6-20
Transmission Lines, Electrical Substations, and Switchyards (All
ALEINATIVES) tuvvvveienirerierereieenereerereiestst e sesestse e sesesesese e s seseesesteseseseesnees 6-21
Recreation Facilities (All AIternatives) .......ccoeveveviririninnnininiiiccccceeienenes 6-21
Proposed Operations..........cveueiriiiiniieiiiieesiieessiseessessses s sesens 6-23
Water RIGNES...oiiiiiiieiiiiic s 6-24

North-of-the-Delta Offstream Storage Investigation Feasibility Report
Table of Contents

Final Feasibility Report
December 2020 — iii



Chapter 7 Initial Evaluation of Alternatives......ccccceeeeieiinnnneereeeeciiiinnnnnneneeee 7-1

Evaluation of Physical Accomplishments.........ccceevvvninivinnnnnniiiccccccenas 7-1
Water Supply (Primary ODJECtiVE) .....ccuvviuiuiiiiiiiiiiniieieiiceieiiceeieseneiens 7-1
IL4 Water Supply for CVPIA Wildlife Refuges (Primary Objective)............ 7-5
Anadromous Fish (Primary ObJective).......ccccceeueiiviivinininnniniiiiccciceenenes 7-6
Delta Environmental and Export Water Quality (Primary Objective) ....... 7-11
Sustainable Hydropower Generation (Secondary Objective)........cccovucueeee. 7-13
Recreation (Secondary ObJECtiVE)......c.vuiiriviiieiiiiiniieiiiiinieeiieeseiseensians 7-15
Flood-Damage Reduction (Secondary Objective)........ccceeuvvrirririririnineneaee 7-16

BENefits c.coviiiiiiii e 7-16
Water Supply Benefits (Primary ODbJective) .....coceuvvviieiviriniciiiiieeiricnen 7-19
IL4 Water Supply for CVPIA Wildlife Refuge Benefits (Primary

ODJECHIVE) wvvvirreaererrinieeieieee ettt et seensans 7-20
Anadromous Fish Benefits (Primary Objective) ......cccovvvivvininiiicccccnenas 7-20
Delta Environmental and Export Water Quality Benefits (Primary

ODBJECHVE) vt 7-20
Sustainable Hydropower Benefits (Secondary Objective)........ccccvvvvinnnnnee. 7-22
Recreation Benefits (Secondary Objective) ......covvvevivivivininininiiiccccccenenes 7-22
Flood-Damage Reduction Benefits (Secondary Objective) .......ccccvuviunennee. 7-23

ATEINAtIVE COSES w.vuviiiiuiiiieiiiiiieee e 7-24

Feasibility ANALYSIS ..c.ccciiiiiiiiiiiiirii e 7-25
National Economic Development Account ..., 7-25
Regional Economic Development ACCOUNt ..o, 7-25
Environmental Quality ACCOUNT....cceiuiuererereiiiriririririrrreeeeeeeieieiererenes 7-28
Other Social Effects ACCOUNT.......cvviviviiiiiiiccccce 7-34
Summary of Foutr ACCOUNLS ... 7-36

Comparison of AItErNatiVeS.......coceuiiviiiriiiiiieiiniieieeeee s 7-37
EAfECtVENESS ..ottt 7-37
BAFICIENCY ..ttt 7-38
ACCEPLADIILY ...ttt 7-38
COMPIELENESS ..t 7-38

Chapter 8 Refined Alternative Analysis with Operational Flexibility
and Delta Ecosystem Enhancement ..........cceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenee 8-1
Refined Project ODJECtiVES ...c.cviiiuiiiiiiiieiiciiciiiriniens e 8-1
CVP Operational Flexibility (Primary Objective)......c.ccevvieervinicnirinicnennn. 8-1
Delta Ecosystem Enhancement.......cccceeeeieieinninnnnnnnnccccccccieenenenen 8-3
FACIIIHIES 1ovovaeveveectetr ettt nens 8-3
OPEIAIONS....viiitiiii bbb 8-4
Refined Alternative Evaluation.........cccccviiiviiciiininiciniicicecccecceenns 8-4
Water Supply (Primary ODJECtiVe) .....ccuvviuiuiiiiiiiiiiiiieieiiceieicceesssneneiens 8-7
CVP Operational Flexibility (Primary Objective).......ccccceueviirrivininivinisiiane, 8-8
IL4 Water Supply for CVPIA Wildlife Refuges (Primary Objective)............ 8-9
Anadromous Fish (Primary Objective) ........cccvieuiniiciiiniiciniiceiinisensiens 8-9
Delta Ecosystem Enhancement (Primary Objective) .......ccccovieriviinicrceninaes 8-9
Determination of Benefits for Refined Alternatives.........cooevveeieieiciccccccnnas 8-10
Chapter 9 National Economic Development Plan ..........ueeeeeeiiiiinnnnnnnnnen. 9-1

Determination of Feasibility......c.cocoeceeeeeeeeiieieiinnninnseceecceceeeenenenenes 9-1

Technical Feasibility.....cceeririririniriniiiitccciciceieieieieietetetese et 9-1
North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents December 2020 - iv



Environmental Feasibility ... 9-2
Economic Feasibility......cooiiiiiiiiiiciiiiicisscccee e 9-2
Financial Feasibility ......cccceeeiirinninininiiccccccicieiereereeneeeeese e 9-3
Cost Assignment for Alternative Al ..., 9-9
Cost Assignment for Alternative D 1., 9-15
FInancing APProach ... 9-20
Water Supply Benefits (AUthOLity)......cccvuviieiiininieiiniicircecevccenen 9-20
Operational Flexibility ........ccvviiiiiiiieiiiiieiiieiceeeceeseeenne 9-21
Chapter 10 Risk and Uncertainty ........cceeeiieviiunreeeeeeiiniinnnnnneeeeeennnnnnnneeeees 10-1
Implementation APPLOaCh ......ccciiiiiiiiiiiicicc e 10-1
Modeling ASSUMPLIONS ....cuveiuriiniieiiiiieieiiieseeite st sesssssens 10-1
Environmental IMPacts......cocceueiiiiiiiiiniiiiiiiciiesicessie s 10-2
State Water System OpPerations.......ccccueiceciniiiiininiccssesssesesssssnens 10-2
Regulatory Effects on Sites Reservoir Project Water System
OPELAIONS .. 10-2
Effects of New Storage and New Conveyance Projects on Sites
Reservoir Project Operations ... 10-3
Effects of Climate Variability and Sea Level Rise on Sites Reservoir
Project OPerations ... 10-4
CVP Power and Hydropower Operations .........ccceveeuereinieieriininenninienesensienens 10-7
Pumpback Operations........ccciiiiiiiiiiiiieeinssnsecceeeeeenenes 10-11
COSt EISTIMALES ...ttt 10-11
DEC Special Assessment FINdings........ccccvviievviniiciiiniieniniceiiniceniiens 10-12
OPerations COSt ... 10-12
Environmental Effects of Project ACHONS......cccccvuvuvivivivininininiiiicccccceennes 10-12
Anadromous Fish in the Sacramento River ..., 10-12
Aquatic Species in the Delta ... 10-13
Adaptive MaNagement.......cceuiiueuiiriieriiiiieensiiiesessisssessiseesessasessesssssssens 10-13
Economic Benefit ESMAtioN.......cccccoiiiiiiieiiiiiiiiinsccccceeeennes 10-13
Water Supply Reliability and Demands.........ccccovvviiiininnininciinen, 10-13
Energy Costs Associated with CONVEYANCEe........ccvviviveiriiierriniiciiinicieniinees 10-13
Modeled Benefits for CVP Operational Flexibility........ccocooeevvnieiirinnanee. 10-14
Modeled Benefits for Anadromous Fish .......cccccoviiiiinnnniiiiiis 10-14
Modeled Deliveries for Incremental Level 4 Refuge Water Supply .......... 10-14
Hydropower Benefit ESMAtion........cocceuviviieiiininieiiiiiiceniiccciceesiiees 10-16
COSE SNALE .. 10-16
Post-Authorization RePOrt.......cccciiiiiiiiiiiiiiiiiiiincccceeennes 10-16
Chapter 11 Findings and Conclusions ........uuueeieeeeiiiiiiinneneeeeeeiiicninnnnneeeene. 111
Need for the PLroject ... 11-1
Multiple Cost-Effective PIans ... 11-1
National Economic Development ACCOUNt ..o, 11-2
Other Principles and Guidelines AcCOUNtS........cccceveieeereicieiiiniinnsssee 11-2
ATEINAtIVE COSES w.vuviiniuiiiieiieiiiicie e 11-3
Benefits of the NED Plan ......cccoooviiiiiiiiiiiciiciccesceessiceenens 11-3
Feasibility of the NED Plan .......ccccoviiiiiiiniiiccccccccnens 11-3
Technical Feasibility.......cocovivivivinininiiiiiiiceicccereceeeeenes 11-3
Environmental Feasibility .......c.cocceeveeeieeieinnnnccccceccenenenenes 11-5
Economic Feasibility......cooviiiieiieeeeieieieieieiniessssseeeeeeeeeeesenesenenenes 11-5
North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report
Table of Contents December 2020 - v



Federal INterest. ..o
Cooperative OPEIatioNs .....c.ccueueeeuririririririsiiitecseee e seseseseseees
Coordinated Operations AGreement.......coceuevveerueveirierersisiereneineans
Operations Framework ...
Water RIGhts. ...
Water CONTIACES.....cuuiiiiiiiriiiiiiccccie e
Power RESOULCES ...
Operations Implementation and Review........cccccevviiiiviniccnnincans
Recommended Plan.......ccoviiiiiiiiiiiiiicccccne
Chapter 12 Recommendations ..........eeeeeeiieieinnnneeeeeeiiiininnnneeeeeeennnn.
RecommEendations ...
INEXE SEEPS vttt
APPIOVAL...iiiiiiiiiicii e
Pre-Construction ACHVITIES. ....ccveiueueuemereieieieieieieieieeeesseseseseseseceeaes
OPELAtioNS...cuiuiiiiiiiicicrii s
HydIropOWer ...
Project Partnership Agreement........cccccecucucieieinninnnnnnnnince,
Reclamation Facilities ...

Environmental Compliance and Regulatory Requirements

Permits and APProvals ...
Coordination and OUtrEACh ...evvvviiveeeeeeeeeeeeeeeeeeee et e e

Non-Federal Role.......ccooiiiiiiiiiiiiicciccincnncee
Chapter 13. GlOSSALY ...uueveeiriiireiiiiiiieeiniireeceee e essnaees
Chapter 14. References .......ueeeeeruereeiiinieeecninineennnineeennneeeennnnnee
X6 {03 57 o PP

North-of-the-Delta Offstream Storage Investigation Feasibility Report
Table of Contents

Final Feasibility Report
December 2020 — vi



Appendices

Appendix A Plan Formulation

Appendix B Engineering

Appendix C Economics

Appendix D Real Estate

Appendix E Recreation

Appendix F Fish

Appendix G Modeling Analyses of Sites Reservoir Project Operations
G-1 Final Alternatives
G-2 Power Modeling Results for Final Alternatives
G-3 Initial Alternatives

Appendix H Hydropower

H-1 Power Planning Study
H-2 North-of-the-Delta Offstream Storage (NODOS) Project Benefits Study
H-3 Updated Pumpback Evaluation

Appendix I Draft Risk Assessment Report
I-1 Quantative Risk Assessment Analysis
I-2 Errata

Appendix K Implementation Consideration

Appendix L Cost Allocation
Appendix M Sites Reservoir Project Environmental Feasibility Summary Report

North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report
Table of Contents December 2020 — vii



Tables

Table ES-1. Increased Long-Term and Dry/Critical Year Deliveries

for Initial AItErNatiVes ... ES-12
Table ES-2. Summary of Estimated Annual NED Benefits for Sites

Reservoir Project Initial Project Alternatives 2019) .....cccceuviviieirinaes ES-16
Table ES-3. Summary of Estimated Annual NED Benefits for Sites

Reservoir Project Final Alternatives (2018)......ccccccvviiciccciciininnnnes ES-19
Table ES-4. Summary of Final Alternative COStS .....ccccccevuvuvirivrininiririniiiae. ES-19

Table ES-5. Summary of Relative Accomplishments of Final Alternatives...ES-21
Table ES-6. Summary of Initial Cost Allocation by Project Purpose for

Alernative Al ..o ES-22
Table ES-7. Construction Cost Assignment: Alternative Al ......cccvvvviiennee. ES-22
Table ES-8. Annual OM&R Cost Assignment: Alternative Al......cccceeueueenee. ES-23
Table ES-9. Summary of Initial Cost Allocation by Project Purpose for

Alternative DT ..o ES-23
Table ES-10. Construction Cost Assignment: Alternative D1........cccueeueeee. ES-24
Table ES-11. Annual OM&R Cost Assignment: Alternative D1 .................... ES-24
Table 1-1. Partnering, Responsible, Cooperating, and Participating

ALZEIICIES .ttt 1-5
Table 1-2. Federal Authorizations for the NODOS Investigation...........ccu...... 1-6
Table 1-3. State Authorizations for the NODOS Investigation.........cccceuveeeunee. 1-7
Table 1-4. Comments on Draft EIR/EIS ..c.oooiieeeeeeeeeeeeeeeeeeeeeeeeeeeteeseeeeeeeens 1-15
Table 2-1. Statewide Water Balance ... 2-8

Table 2-2. Water Supply and Demand Estimates for Currently
Participating Municipal and Industrial Water Agencies/Districts

Sites Reservoir Project Water Request ..o, 2-9
Table 2-3. Problems, Needs, and Opportunities: Water Supply and Water

Supply REHabIlity .....c.cucvviiiiiiiiiiiiiiccccce e 2-11
Table 2-4. Level 2 and Level 4 Refuge Water Supply Contract Allocations .....2-14
Table 2-5. South-of-Delta 1.4 Water Acquisitions from 1994 to 2016............. 2-16
Table 2-6. Problems, Needs, and Opportunities: IL4 Water Supply for

REfUZES .o 2-17
Table 2-7. Problems, Needs, and Opportunities: Coldwater for

Anadromous Fish ... 2-19
Table 2-8. Problems, Needs, and Opportunities: Water Quality.........ccccvuvencee 2-20
Table 2-9. Problems, Needs, and Opportunities: Sustainable Hydropower

GENEIAON ettt 2-22
Table 2-10. Problems, Needs, and Opportunities: Recreation...........cceceueevennes 2-22
Table 2-11. Problems, Needs, and Opportunities: Flood-Damage

RedUCHON. ..o 2-23
Table 3-1. Summary of Problems, Needs, Opportunities, and Planning

ODBJECHVES . 3-3
Table 3-2. Public OUtreach.......ccoiviiiiiiiiiiciciciciciecee e 3-6
Table 3-3. Retained Management Measures to Address Primary Planning

ODBJECHVES ..ot 3-11

North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents December 2020 — viii



Table 4-1. Summary of Evaluation of Offstream Storage Locations................... 4-5
Table 5-1. Conveyance Measures Considered ........cccccovvvrinininininnininiicccceenas 5-1
Table 5-2. Summary of Conveyance Measures Screening for Primary

TOLAKES o 5-6
Table 5-3. Sites Reservoir Alternative Reservoir Size Summary ........cccceveennnees 5-6
Table 6-1. Summary of Alternatives for Detailed Evaluation ..........ccccecccueuneee 6-2
Table 6-2. Summary of Recreation Facilities ....c.coceeveevrriririrninniniicccccenenes 6-22
Table 6-3. Description of Proposed Seasonal Schedule for Project

OPEIAIONS .t 6-31
Table 7-1. Increased Long-Term and Dry/Critical Year Annual

DEIVELIES ..ot 7-3
Table 7-2. Water Stored in Sites ReSEIVOIr......occeuviiiiiviiiiiiicicccccc, 7-4
Table 7-3. NODOS Alternatives Temperature Model Results for

Keswick and Balls Ferry ... 7-8
Table 7-4. SALMOD Modeling Results for Sacramento River Winter

Run Chinook Salmomn........ccceeiviiiiiiiiiiiicieeeensenes 7-11
Table 7-5. Sustainable Hydropower Generation ..., 7-15
Table 7-6. Economic Benefit Methodology........c.cccccevivininininininininiiccccccnes 7-17
Table 7-7. Summary of Potential Features and Benefits of Alternatives

(Compared to No Action AIterNative) ......cccccoeveeecuerrinierenninieeniinienenen: 7-18
Table 7-8. Summary of Estimated NED Annual Benefits for Sites

Reservoir Action Alternatives (2019) .c.covveveeoinnncccinnrececeneneeeenee 7-19
Table 7-9. Estimated Construction and Annual Costs of Sites Reservoir

Project AIterNatiVes ...t 7-24
Table 7-10. Summary of Annual Benefits, Annual Costs, and NED

Benefits (2019) oottt 7-25
Table 7-11. Summary of Annual Employment Impacts to the Local

Region for RED ACCOUNL ...t 7-26
Table 7-12. Summary of Average Annual Income Effects to the Local

Region for RED Account: During Construction (2019) ... 7-27
Table 7-13. Summary of Average Annual Income Effects to the Local

Region for RED Account: Long Term (2019)....cccccvviviivivincirrinnnnee. 7-27
Table 7-14. Average Annual RED Effects to the State: Agricultural

Production and Price Effects (2019) oo 7-28
Table 7-15. Summary of Potential Environmental Effects......c.cooveviiiicccnnes 7-28
Table 7-16. Summary of Environmental Accomplishments Considered in

FQ ACCOUNT ettt ettt 7-31
Table 7-17. Water System Improvements ... 7-35
Table 7-18. Emergency Water Supply Storage .........cooeeeviviniciiviniccininicncnninens 7-36
Table 7-19. Ranked Effectiveness of AlterNatives ........cccevvieeivinicreirinicnenninnens 7-37
Table 7-20. Relative Completeness of Alternatives ........cocevveveveverinieicccccenenes 7-39
Table 7-21. Summary Comparison of No Action Alternative and Action

ALCINATIVES oottt 7-39
Table 8-1. Problems, Needs, and Opportunities: CVP Operational

FIEXIDIIEY ..ot 8-2
Table 8-2. Problems, Needs, and Opportunities: Delta Ecosystem

ENhancement ... s 8-3

North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents

December 2020 - ix



Table 8-3. Description of Proposed Seasonal Schedule for Project

OPEIAIONS .ttt e 8-5
Table 8-4. Additional Water Conserved in Existing CVP and SWP

Reservoirs with Sites RESEIVOIr .....cocuviviiiiiiiniiciiicrcccne 8-7
Table 8-5. Increased Long-Term and Dry/Critical Year Annual

DEIVELIES .o 8-8
Table 8-6. Summary of Estimated NED Annual Benefits for Sites

Reservoir Action Alternatives (2019) ..c.ovvvvrnnnnnnrccccccceenenes 8-10
Table 9-1. Authorities for Federal Financial Participation.........c.eceeevecveccccennes 9-4
Table 9-2. Estimated Cost Allocation Summary for Alternative Al.................... 9-5
Table 9-3. Estimated Cost Allocation Summary for Alternative D1.................. 9-6
Table 9-4. Modeled Increases in Deliveries of Water under Alternatives

AT and DT i 9-8
Table 9-5. List of Alternative D1 Project Participants with Deliveries at

FUNKS o 9-9
Table 9-6. Construction Cost Assignment for Federal and Non-Federal

Partners: Alternative Al ... 9-10
Table 9-7. Annual OM&R Cost Assignment per WIIN for Non-Federal

Partners: Alternative Al ..o 9-11
Table 9-8. Total Annual Cost Assignment for Federal and Non-Federal

Partners: Alternative Al ... 9-12
Table 9-9. Construction Cost Assignment for Federal and Non-Federal

Partners: Alternative DT ..o 9-16
Table 9-10. Annual OM&R Cost Assignment per WIIN for Non-Federal

Partners: Alternative D1 ... 9-16
Table 9-11. Total Annual Cost Assignment for Federal and Non-Federal

Partners: Alternative DT ..o 9-17
Table 9-12. Allocated Irrigation Water Supply COStS .....c.covviueviiviicriiriniciieniaas 9-23
Table 9-13. Scenario 2 Repayment through New Contracts for Irrigation

SUPPLY e 9-23
Table 9-14. CVP Irrigation Cost Construction Repayment Status at the

End of FY 2018 .. 9-24
Table 10-1. Alternative Al Less No Action Alternative: Effect on Long-

Term Federal Facility Power Generation (annual generation

results from LTGEN model) ....cccccoeeeiiinnnnnnnncccccceenenenen 10-9
Table 10-2. Alternative D1 Less No Action Alternative: Effect on Long-

Term Federal Facility Power Generation (annual generation

results from LTGEN model) ...ccccccceuiiiiiniiniiincccccceenes 10-10
Table 11-1. Summary of Costs and Benefits for Sites Reservoir Project

Refined Alternatives (2019)....cccceeeuerereiennninirrrrnccccceeeenenenes 11-2
Table 11-2. Estimated Costs for Alternatives Al and D1 ..o 11-3
Table 11-3. Summary of Estimated Average Benefits for the NED Plan......... 11-4
Table 11-4. Cost Assignment for Federal and Non-Federal Partners for

Construction and OM&R Costs: Alternative Al and D1 .........ccc...ce. 11-6
Table 12-1. Key Findings and Cost ASSIZNMENt......cccvveriririririniririiiccieeeenenes 12-1

North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents

December 2020 — x



Figures

Figure ES-1. Setting for NODOS Feasibility Study .......cccocovviiviininiiiinns ES-8
Figure ES-2. Features of Sites Reservoir Project Initial Alternatives C and

D e ES-10
Figure ES-3. Increases Above the No Project Alternative in Average

SYStEM StOLAZE ...t ES-14
Figure ES-4. Conceptual Model of Benefits ..o, ES-15
Figure ES-5. Sites Reservoir Project Timeline........cccocovevviviieiviniicininiccniincaes ES-32
Figure 1-1. A2 MAP oo saenens 1-2
Figure 1-2. Feasibility Study Process.......cccooviiiiiiiiiciciiiiinisscccee 1-13

Figure 2-1. Sacramento River Flow Volumes November through March,
Showing Geographic Distribution and Yearly Variation from

Driest to Wettest CONAIONS c..vuvuvuieieerevriieeieeriieeienriie e esseeeenens 2-6
Figure 2-2. Refuges Served by Reclamation’s Refuge Water Supply

Program ... 2-12
Figure 3-1. Locations of 52 Potential Reservoir Sites in Initial Evaluation......... 3-7
Figure 3-2. CALFED Surface Water Storage Investigations Screening............... 3-9
Figure 3-3. NODOS Feasibility Study Process ........cccocovvivirvivinnvniccicinen 3-10
Figure 4-1. Alternative Offstream Locations for NODOS/Sites

ReServOir PrOJECt vt 4-2
Figure 5-1. NODOS Conveyance Measures........ccocweeuerireriiininininininninininiicnans 5-2
Figure 5-2. Flow Diagram for Conveyance Measures ..........cocoovveiviiiccncrnincnnnns 5-3
Figure 6-1. Features of Sites Reservoir Project Alternative A.......ccccovvvvvricnnne. 6-8
Figure 6-2. Features of Sites Reservoir Project Alternative B........cccoccevvvianee 6-10
Figure 6-3. Features of Sites Reservoir Project Alternative C......cccouvveeuevrecannee. 6-12
Figure 6-4. Features of Sites Reservoir Project Alternative D ......cccovvviiinncee. 6-13
Figure 7-1. Modeling Framework for Alternative Evaluation — System

LEVEL o s 7-2
Figure 7-2. Modeling Framework for Alternative Evaluation — Watershed

LLEVEL .. 7-2
Figure 7-3. Increases in Average End-of-May Storage in Sites and CVP

RESEIVOILS ...viiiviiiictetertt e 7-5
Figure 7-4. Conceptual Model Including Benefits to Anadromous Fish............. 7-7
Figure 7-5. Area of Salmon Habitat Improvement Evaluated by

SALMOD MOdEL....ccuiiiiiiiiiiiiiiciiciiiieicieeeesie e 7-9

Figure 7-6. Anticipated Effects of Alternatives A, B, C, and D Compared
to No Project Alternative on Sacramento River Chinook Salmon

Juvenile Production..........ccciiiiiiiiiiciciiiiccceeeenenes 7-10
Figure 7-7. Position of X2 During September — November in Dry and
Critical YEALS oo 7-12
Figure 7-8. Improvements in Electrical Conductivity .......cceuvereeuerrenicrerrenceenens 7-14
Figure 8-1. Increase in Average End-of-May Storage in Sites, CVP, and
SWP RESEIVOILS ...ttt 8-7
North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents December 2020 — xi



Figure 10-1. Increased Salmon Population with Sites Reservoir ........ccccueeeeee. 10-7
Figure 10-2. Capacity at Banks and Jones Pumping Plants under modeled

Delta Pumping CONSIAINLS.....c.evieiueriiriiieriiricieieiicieseisieeseiceeesesceenens 10-15
Figure 12-1. Authority Timeline for Sites Reservoir Project......ccccovvieuevvincunnee. 12-4
North-of-the-Delta Offstream Storage Investigation Feasibility Report Final Feasibility Report

Table of Contents December 2020 — xii



This page intentionally left blank.



Executive Summary

This North-of-the-Delta Offstream Storage (NODOS) Investigation (Feasibility Report) evaluates
new offstream surface water storage north of the Sacramento-San Joaquin Delta (Delta). Created for
the NODOS Investigation, this Feasibility Report presents potential plans to accomplish the Sites
Reservoir Project’s (Project’s) objectives and makes recommendations for further action.

Construction of the Project would be led by the Sites Project Authority (Authority), a joint exercise
of powers authority. The Feasibility Report, along with the 2017 Draft Environmental Impact
Report/Environmental Impact Statement (EIR/EIS), will be used by the Sectetary of the Intetior
(Secretary) and U.S. Congress to determine both the type and extent of Federal interest in the
Project.

Background

The NODOS Investigation would add a new offstream storage facility northwest of Sacramento,
California. Sites Reservoir would store water that is diverted from the Sacramento River for later
release by beneficiaries throughout the state of California. The reservoir would provide additional
water supply for agriculture a