
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

i 
September 2023 

 

 

Contents 

Chapter 1 Executive Summary ......................................................................................................... 1-1 

1.1 Introduction ..................................................................................................................... 1-1 

1.2 Organization of the Staff Report ...................................................................................... 1-4 

1.3 Background ...................................................................................................................... 1-8 

1.3.1 Purpose and Need for Bay-Delta Update ........................................................................ 1-9 

1.3.2 Bay-Delta Water Quality Control Planning Background ................................................ 1-10 

1.3.3 The Delta Reform Act and Delta Flow Criteria Report ................................................... 1-10 

1.3.4 Input on Sacramento/Delta Update to the Bay-Delta Plan ........................................... 1-11 

1.4.1 Sacramento/Delta Watershed, Plan Area, and Study Area ........................................... 1-14 

1.4.2 Organization of the Analyses ......................................................................................... 1-14 

1.4.3 Baseline, Evaluation Approach, and Modeling Tools..................................................... 1-15 

1.4.4 Alternatives Considered ................................................................................................. 1-17 

1.4.5 Environmental Analysis Results ..................................................................................... 1-18 

1.5 Public Process and Next Steps ....................................................................................... 1-19 

1.6 References ..................................................................................................................... 1-66 

1.6.1 Common References ...................................................................................................... 1-66 

1.6.2 Section References ........................................................................................................ 1-66 

Chapter 2 Hydrology and Water Supply ........................................................................................... 2-1 

2.1 Introduction ..................................................................................................................... 2-1 

2.1.1 Natural and Unimpaired Flow .......................................................................................... 2-1 

2.1.2 Watershed Overview ....................................................................................................... 2-4 

2.2 Hydrology of the Sacramento River and Major Tributaries ........................................... 2-19 

2.2.1 Sacramento River ........................................................................................................... 2-19 

2.2.2 Tributaries of Mount Lassen and Volcanic Buttes Region ............................................. 2-27 

2.2.3 Tributaries of the Chico Monocline ............................................................................... 2-32 

2.2.4 Tributaries of the Klamath Mountains ........................................................................... 2-41 

2.2.5 Tributaries of the Paleochannels and Tuscan Formation .............................................. 2-44 

2.2.6 Tributaries of the Northern Sierra Nevada .................................................................... 2-48 

2.2.7 Delta Eastside Tributaries .............................................................................................. 2-62 

2.2.8 Tributaries of the Northern Coast Range, Northern ...................................................... 2-71 

2.2.9 Tributaries of the Northern Coast Range, Southern ...................................................... 2-77 

2.3 Flood Basins ................................................................................................................... 2-83 

2.3.1 Butte Flood Basin ........................................................................................................... 2-85 

2.3.2 Colusa Flood Basin ......................................................................................................... 2-85 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

ii 
September 2023 

 

 

2.3.3 Sutter Flood Basin .......................................................................................................... 2-86 

2.3.4 American Flood Basin .................................................................................................... 2-89 

2.3.5 Yolo Flood Basin ............................................................................................................. 2-89 

2.3.6 Sacramento Flood Basin ................................................................................................ 2-93 

2.4 Sacramento-San Joaquin Delta ...................................................................................... 2-93 

2.4.1 Delta Inflows .................................................................................................................. 2-95 

2.4.2 Delta Hydrodynamics ..................................................................................................... 2-98 

2.4.3 Delta Barriers ............................................................................................................... 2-100 

2.4.4 Delta Cross Channel Gate Operations ......................................................................... 2-100 

2.4.5 South Delta Exports and Old and Middle River Reverse Flows ................................... 2-101 

2.4.6 Delta Outflow and X2 ................................................................................................... 2-103 

2.5 Suisun Region ............................................................................................................... 2-114 

2.6 Climate Change and Drought ....................................................................................... 2-114 

2.7 Existing and Future Water Rights in the Sacramento/Delta Watershed ..................... 2-115 

2.8 Existing Water Supply .................................................................................................. 2-122 

2.8.1 Sacramento River Watershed ...................................................................................... 2-126 

2.8.2 Delta Eastside Tributaries ............................................................................................ 2-130 

2.8.3 Delta ............................................................................................................................. 2-131 

2.8.4 San Francisco Bay Area ................................................................................................ 2-133 

2.8.5 San Joaquin Valley ....................................................................................................... 2-136 

2.8.6 Central Coast ................................................................................................................ 2-139 

2.8.7 Southern California ...................................................................................................... 2-141 

2.9 Conclusions .................................................................................................................. 2-143 

2.10 References Cited .......................................................................................................... 2-144 

2.10.1 Common References .................................................................................................... 2-144 

2.10.2 Section References ...................................................................................................... 2-147 

Chapter 3 Scientific Knowledge to Inform Fish and Wildlife Flow Recommendations ........................ 3-1 

3.1 Introduction ..................................................................................................................... 3-1 

3.2 Flow and the Ecosystem .................................................................................................. 3-2 

3.2.1 Riverine Flows ........................................................................................................... 3-2 

3.2.2 Freshwater Flow and Estuarine Resources ............................................................... 3-6 

3.2.3 San Francisco Bay and Nearshore Coastal Ocean ................................................... 3-10 

3.2.4 Interior Delta Flows and Entrainment ..................................................................... 3-11 

3.3 Species-Specific Analyses ............................................................................................... 3-12 

3.3.1 Updated Quantitative Analysis ................................................................................ 3-13 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

iii 
September 2023 

 

 

3.4 Chinook Salmon (Oncorhynchus tshawytscha) and Central Valley Steelhead 

(Oncorhynchus mykiss) .................................................................................................. 3-14 

3.4.1 Overview ................................................................................................................. 3-14 

3.4.2 Life History ............................................................................................................... 3-15 

3.4.3 Life History, Distribution, and Abundance Trends over Time ................................. 3-21 

3.4.4 Dam and Reservoir Effects on Salmonids ................................................................ 3-33 

3.4.5 Flow Effects on Salmonids ....................................................................................... 3-36 

3.5 Longfin Smelt (Spirinchus thaleichthys) ......................................................................... 3-54 

3.5.1 Overview ................................................................................................................. 3-54 

3.5.2 Life History ............................................................................................................... 3-54 

3.5.3 Population Abundance Trends over Time ............................................................... 3-54 

3.5.4 Flow Effects on Longfin Smelt ................................................................................. 3-56 

3.6 Green Sturgeon (Acipenser medirostris) and White Sturgeon (Acipenser 

transmontanus).............................................................................................................. 3-62 

3.6.1 Overview ................................................................................................................. 3-62 

3.6.2 Life History ............................................................................................................... 3-62 

3.6.3 Population Abundance Trends over Time ............................................................... 3-64 

3.6.4 Flow Effects on Green and White Sturgeon ............................................................ 3-65 

3.7 Sacramento Splittail (Pogonichthys macrolepidotus) .................................................... 3-68 

3.7.1 Overview ................................................................................................................. 3-68 

3.7.2 Life History ............................................................................................................... 3-68 

3.7.3 Population Abundance Trends over Time ............................................................... 3-69 

3.7.4 Flow Effects on Sacramento Splittail ....................................................................... 3-69 

3.8 Delta Smelt (Hypomesus transpacificus) ....................................................................... 3-72 

3.8.1 Overview ................................................................................................................. 3-72 

3.8.2 Life History ............................................................................................................... 3-72 

3.8.3 Population Abundance Trends over Time ............................................................... 3-74 

3.8.4 Flow Effects on Delta Smelt ..................................................................................... 3-75 

3.9 Starry Flounder (Platichthys stellatus) ........................................................................... 3-84 

3.9.1 Overview ................................................................................................................. 3-84 

3.9.2 Life History ............................................................................................................... 3-84 

3.9.3 Population Abundance and Trends over Time ........................................................ 3-84 

3.9.4 Flow Effects on Starry Flounder .............................................................................. 3-85 

3.10 California Bay Shrimp (Crangon franciscorum) .............................................................. 3-87 

3.10.1 Overview ................................................................................................................. 3-87 

3.10.2 Life History ............................................................................................................... 3-88 

3.10.3 Population Abundance Trends over Time ............................................................... 3-89 

3.10.4 Flow Effects on California Bay Shrimp ..................................................................... 3-89 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

iv 
September 2023 

 

 

3.11 Zooplankton (Neomysis mercedis and Eurytemora affinis) .......................................... 3-92 

3.11.1 Overview ................................................................................................................. 3-92 

3.11.2 Life History ............................................................................................................... 3-93 

3.11.3 Population Abundance and Trends over Time ........................................................ 3-93 

3.11.4 Flow Effects on Zooplankton ................................................................................... 3-94 

3.12 Nonnative Fish Species .................................................................................................. 3-97 

3.13 Method for Developing Environmental Flows ............................................................... 3-97 

3.13.1 Environmental Flow Methods ................................................................................. 3-98 

3.13.2 Hydraulic Rating Methods ....................................................................................... 3-98 

3.13.3 Habitat Simulation Methods ................................................................................... 3-98 

3.13.4 Holistic Methods for Determining Environmental Flows ........................................ 3-99 

3.13.5 Justification for Environmental Flows ................................................................... 3-100 

3.13.6 Summary for Evaluating Environmental Flows ..................................................... 3-102 

3.14 Evaluation of Bay-Delta Environmental Flow Effects .................................................. 3-102 

3.14.1 Summary of Flow Thresholds for Species Protection............................................ 3-102 

3.14.2 Salmonid Tributary Habitat Analyses .................................................................... 3-125 

3.14.3 Cold Water Storage ............................................................................................... 3-132 

3.15 Conclusion .................................................................................................................... 3-134 

3.16 References Cited .......................................................................................................... 3-137 

3.16.1 Common References ............................................................................................. 3-137 

3.16.2 Section References ................................................................................................ 3-147 

Chapter 4  Other Aquatic Ecosystem Stressors .......................................................................... 4-1 

4.1 Introduction ..................................................................................................................... 4-1 

4.2 Physical Habitat Loss or Alteration .................................................................................. 4-2 

4.2.1 Riparian Habitat and Open Channels ........................................................................ 4-3 

4.2.2 Tidal Marsh Habitat ................................................................................................... 4-4 

4.2.3 Floodplain and Wetland Habitat ............................................................................... 4-6 

4.2.4 Upper Watershed Forest and Meadow Habitat ........................................................ 4-7 

4.3 Water Quality ................................................................................................................... 4-8 

4.3.1 Contaminants ............................................................................................................ 4-8 

4.3.2 Harmful Algal Blooms .............................................................................................. 4-16 

4.3.3 Dissolved Oxygen .................................................................................................... 4-18 

4.3.4 Sediment and Turbidity ........................................................................................... 4-19 

4.3.5 Temperature............................................................................................................ 4-20 

4.4 Nonnative Species .......................................................................................................... 4-21 

4.4.1 Fishes ....................................................................................................................... 4-22 

4.4.2 Invertebrates ........................................................................................................... 4-23 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

v 
September 2023 

 

 

4.4.3 Aquatic Plants .......................................................................................................... 4-25 

4.5 Fisheries Management .................................................................................................. 4-27 

4.5.1 Harvest .................................................................................................................... 4-27 

4.5.2 Hatcheries ............................................................................................................... 4-29 

4.5.3 Fish Passage Barriers ............................................................................................... 4-30 

4.5.4 Thiamine Deficiency ................................................................................................ 4-33 

4.5.5 Disease .................................................................................................................... 4-35 

4.6 Climate Change .............................................................................................................. 4-35 

4.7 References Cited ............................................................................................................ 4-38 

4.7.1 Common References ............................................................................................... 4-38 

4.7.2 Section References ........................................................................................................ 4-44 

Chapter 5 Proposed Changes to the Bay-Delta Plan for the Sacramento/Delta .................................. 5-1 

5.1 Introduction ..................................................................................................................... 5-1 

5.2 State Water Board Responsibilities and Authorities ....................................................... 5-4 

5.2.1 Water Quality ................................................................................................................... 5-4 

5.2.2 Water Rights .................................................................................................................... 5-5 

5.2.3 Regulations and Adjudicative Proceedings ...................................................................... 5-7 

5.3 Reason for the Proposed Plan Amendments ................................................................... 5-7 

5.4 Proposed New and Modified Objectives and Implementation ....................................... 5-9 

5.4.1 Voluntary and Default Implementation ........................................................................... 5-9 

5.4.2 Inflows ............................................................................................................................ 5-13 

5.4.3 Cold Water Habitat ........................................................................................................ 5-20 

5.4.4 Delta Outflows ............................................................................................................... 5-25 

5.4.5 Suisun Marsh ................................................................................................................. 5-34 

5.4.6 Interior Delta Flows ....................................................................................................... 5-36 

5.5 Habitat Restoration and Other Complementary Ecosystem Measures ........................ 5-41 

5.5.1 Physical Habitat Restoration .......................................................................................... 5-41 

5.5.2 Fish Passage Improvement Projects .............................................................................. 5-42 

5.5.3 Invasive Species Control Measures ................................................................................ 5-42 

5.5.4 Fishery Management Actions ........................................................................................ 5-43 

5.5.5 Species Recovery Plans and Recovery Strategies .......................................................... 5-44 

5.5.6 Regional Water Board Activities .................................................................................... 5-44 

5.6 General Changes to the Program of Implementation ................................................... 5-45 

5.6.1 Monitoring, Reporting, Assessment, Accounting, and Adaptive Management ............ 5-46 

5.6.2 General Measures to Assist with Implementation of the Bay-Delta Plan ..................... 5-65 

5.7 References Cited ............................................................................................................ 5-70 

5.7.1 Common References ...................................................................................................... 5-70 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

vi 
September 2023 

 

 

5.7.2 Section References ........................................................................................................ 5-73 

Chapter 6 Changes in Hydrology and Water Supply .......................................................................... 6-1 

6.1 Introduction ..................................................................................................................... 6-1 

6.1.1 Presentation of Results ............................................................................................. 6-2 

6.2 SacWAM Model Assumptions .......................................................................................... 6-4 

6.2.1 Baseline Assumptions ................................................................................................ 6-4 

6.2.2 Unimpaired Flow Scenario Assumptions ................................................................... 6-6 

6.2.3 Climate Change ......................................................................................................... 6-8 

6.3 Changes in Hydrology ...................................................................................................... 6-9 

6.3.1 Flows .......................................................................................................................... 6-9 

6.3.2 Reservoir Storage and Elevation ............................................................................. 6-37 

6.4 Changes in Surface Water Supply .................................................................................. 6-52 

6.4.1 Total Water Supply .................................................................................................. 6-53 

6.4.2 Sacramento/Delta Water in the Study Area ........................................................... 6-56 

6.4.3 Sacramento/Delta Supply to the Sacramento River Watershed ............................. 6-58 

6.4.4 Sacramento/Delta Supply to the Delta Eastside Tributaries ................................... 6-62 

6.4.5 Sacramento/Delta Supply to the Delta ................................................................... 6-65 

6.4.6 Sacramento/Delta Supply to the San Francisco Bay Area ....................................... 6-67 

6.4.7 Sacramento/Delta Supply to Central Coast ............................................................. 6-70 

6.4.8 Sacramento/Delta Supply to the San Joaquin Valley .............................................. 6-72 

6.4.9 Sacramento/Delta Supply to Southern California ................................................... 6-77 

6.5 Changes in Groundwater Supply ................................................................................... 6-80 

6.6 Other Water Management Actions ............................................................................... 6-82 

6.6.1 Overview ................................................................................................................. 6-82 

6.6.2 Regional Use of Other Water Management Actions ............................................... 6-96 

6.7 References Cited .......................................................................................................... 6-107 

6.7.1 Common References ............................................................................................. 6-107 

6.7.2 Section References ................................................................................................ 6-107 

Chapter 7 Environmental Analysis ................................................................................................ 7.1-1 

7.1 Introduction, Project Description, and Approach to Environmental Analysis .............. 7.1-1 

7.1.1 Introduction .................................................................................................................. 7.1-1 

7.1.2 California Environmental Quality Act ........................................................................... 7.1-2 

7.1.3 Purpose and Goals of the Sacramento/Delta Update to the Bay-Delta Plan ............... 7.1-5 

7.1.4 Proposed Plan Amendments ........................................................................................ 7.1-6 

7.1.5 Environmental Analysis ............................................................................................... 7.1-11 

7.1.6 Project Alternatives .................................................................................................... 7.1-22 

7.1.7 Summary of Potential Environmental Impacts and Mitigation Measures ................. 7.1-23 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

vii 
September 2023 

 

 

7.1.8 Other State Water Board CEQA Requirements .......................................................... 7.1-24 

7.1.9 Impact Summary ......................................................................................................... 7.1-24 

7.1.10 References Cited ......................................................................................................... 7.1-52 

7.2 Description of Alternatives ........................................................................................... 7.2-1 

7.2.1 Introduction ............................................................................................................ 7.2-1 

7.2.2 Proposed Plan Amendments .................................................................................. 7.2-1 

7.2.3 Alternatives ............................................................................................................ 7.2-3 

7.2.4 References Cited .................................................................................................. 7.2-17 

7.3 Aesthetics ...................................................................................................................... 7.3-1 

7.3.1 Environmental Checklist ......................................................................................... 7.3-1 

7.3.2 Environmental Setting ............................................................................................ 7.3-2 

7.3.3 Impact Analysis ....................................................................................................... 7.3-5 

7.3.4 Mitigation Measures ............................................................................................ 7.3-10 

7.3.5 References Cited .................................................................................................. 7.3-10 

7.4 Agriculture and Forest Resources ................................................................................. 7.4-1 

7.4.1 Environmental Checklist ............................................................................................... 7.4-2 

7.4.2 Environmental Setting .................................................................................................. 7.4-2 

7.4.3 Impact Analysis ........................................................................................................... 7.4-34 

7.4.4 Mitigation Measures ................................................................................................... 7.4-97 

7.4.5 References Cited ....................................................................................................... 7.4-100 

7.5 Air Quality ..................................................................................................................... 7.5-1 

7.5.1 Environmental Checklist ......................................................................................... 7.5-1 

7.5.2 Environmental Setting ............................................................................................ 7.5-2 

7.5.3 Impact Analysis ....................................................................................................... 7.5-8 

7.5.4 Mitigation Measures ............................................................................................ 7.5-15 

7.5.5 References Cited .................................................................................................. 7.5-15 

7.6 Biological Resources ..................................................................................................... 7.6-1 

7.6.1 Terrestrial Biological Resources .......................................................................... 7.6.1-1 

7.6.1.1 Environmental Checklist ...................................................................................... 7.6.1-1 

7.6.1.2 Environmental Setting ......................................................................................... 7.6.1-2 

7.6.1.3 Regulatory Setting ............................................................................................. 7.6.1-41 

7.6.1.4 Impact Analysis .................................................................................................. 7.6.1-53 

7.6.1.6 Mitigation Measures ......................................................................................... 7.6.1-87 

7.6.1.6 References Cited ............................................................................................... 7.6.1-91 

7.6.2 Aquatic Biological Resources ............................................................................... 7.6.2-1 

7.6.2.1 Environmental Checklist ...................................................................................... 7.6.2-2 

7.6.2.2 Environmental Setting ......................................................................................... 7.6.2-2 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

viii 
September 2023 

 

 

7.6.2.3 Regulatory Setting ............................................................................................. 7.6.2-20 

7.6.2.4 Impact Analysis .................................................................................................. 7.6.2-34 

7.6.2.5 Mitigation Measures ....................................................................................... 7.6.2-103 

7.6.2.6 References Cited ............................................................................................. 7.6.2-106 

7.7 Cultural Resources ........................................................................................................ 7.7-1 

7.7.1 Environmental Checklist ......................................................................................... 7.7-1 

7.7.2 Environmental Setting ............................................................................................ 7.7-2 

7.7.3 Regulatory Setting ................................................................................................ 7.7-12 

7.7.4 Impact Analysis ..................................................................................................... 7.7-14 

7.7.5 Mitigation Measures ............................................................................................ 7.7-18 

7.7.6 References Cited .................................................................................................. 7.7-19 

7.8 Energy ........................................................................................................................... 7.8-1 

7.8.1 Environmental Checklist ......................................................................................... 7.8-1 

7.8.2 Environmental Setting ............................................................................................ 7.8-3 

7.8.3 Impact Analysis ..................................................................................................... 7.8-18 

7.8.4 Mitigation Measures ............................................................................................ 7.8-42 

7.8.5 References Cited .................................................................................................. 7.8-45 

7.9 Geology and Soils .......................................................................................................... 7.9-1 

7.9.1 Environmental Checklist ......................................................................................... 7.9-1 

7.9.2 Environmental Setting ............................................................................................ 7.9-2 

7.9.3 Impact Analysis ....................................................................................................... 7.9-8 

7.9.4 Mitigation Measures ............................................................................................ 7.9-13 

7.9.5 References Cited .................................................................................................. 7.9-14 

7.10 Greenhouse Gas Emissions ......................................................................................... 7.10-1 

7.10.1 Environmental Checklist ....................................................................................... 7.10-1 

7.10.2 Environmental Setting .......................................................................................... 7.10-2 

7.10.3 Regulatory Setting ................................................................................................ 7.10-4 

7.10.4 Impact Analysis ................................................................................................... 7.10-10 

7.10.5 Mitigation Measures .......................................................................................... 7.10-22 

7.10.6 References Cited ................................................................................................ 7.10-24 

7.11 Hazards and Hazardous Materials .............................................................................. 7.11-1 

7.11.1 Environmental Checklist ....................................................................................... 7.11-1 

7.11.2 Environmental Setting .......................................................................................... 7.11-2 

7.11.3 Impact Analysis ..................................................................................................... 7.11-9 

7.11.4 References Cited ................................................................................................ 7.11-12 

7.12 Hydrology and Water Quality .................................................................................. 7.12.2-1 

7.12.1 Surface Water .................................................................................................... 7.12.1-1 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

ix 
September 2023 

 

 

7.12.1.1 Environmental Checklist .................................................................................. 7.12.1-2 

7.12.1.2 Environmental Setting ..................................................................................... 7.12.1-3 

7.12.1.3 Impact Analysis .............................................................................................. 7.12.1-54 

7.12.1.4 Mitigation Measures .................................................................................... 7.12.1-115 

7.12.1.5 References Cited .......................................................................................... 7.12.1-119 

7.12.2 Groundwater ............................................................................................................ 7.12.2-1 

7.12.2.1 Environmental Checklist .................................................................................. 7.12.2-2 

7.12.2.2 Environmental Setting ..................................................................................... 7.12.2-2 

7.12.2.3 Impact Analysis .............................................................................................. 7.12.2-38 

7.12.2.4 Mitigation Measures ...................................................................................... 7.12.2-66 

7.12.2.5 References Cited ............................................................................................ 7.12.2-70 

7.13 Land Use and Planning ................................................................................................ 7.13-1 

7.13.1 Environmental Checklist ....................................................................................... 7.13-1 

7.13.2 Environmental Setting .......................................................................................... 7.13-1 

7.13.3 Impact Analysis ..................................................................................................... 7.13-3 

7.13.4 References Cited .................................................................................................. 7.13-5 

7.14 Mineral Resources ...................................................................................................... 7.14-1 

7.14.1 Environmental Checklist ....................................................................................... 7.14-1 

7.14.2 Environmental Setting .......................................................................................... 7.14-1 

7.14.3 Impact Analysis ..................................................................................................... 7.14-5 

7.14.4 References Cited .................................................................................................. 7.14-6 

7.15 Noise ........................................................................................................................... 7.15-1 

7.15.1 Environmental Checklist ....................................................................................... 7.15-1 

7.15.2 Environmental Setting .......................................................................................... 7.15-2 

7.15.3 Impact Analysis ..................................................................................................... 7.15-9 

7.15.4 Mitigation Measures .......................................................................................... 7.15-11 

7.15.5 References Cited ................................................................................................ 7.15-12 

7.16 Population and Housing .............................................................................................. 7.16-1 

7.16.1 Environmental Checklist ....................................................................................... 7.16-1 

7.16.2 Environmental Setting .......................................................................................... 7.16-1 

7.16.3 Impact Analysis ..................................................................................................... 7.16-6 

7.16.4 References Cited .................................................................................................. 7.16-7 

7.17 Public Services............................................................................................................. 7.17-1 

7.17.1 Environmental Checklist ....................................................................................... 7.17-1 

7.17.2 Environmental Setting .......................................................................................... 7.17-2 

7.17.3 Impact Analysis ..................................................................................................... 7.17-3 

7.17.4 References Cited .................................................................................................. 7.17-4 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

x 
September 2023 

 

 

7.18 Recreation ................................................................................................................... 7.18-1 

7.18.1 Environmental Checklist ....................................................................................... 7.18-1 

7.18.2 Environmental Setting .......................................................................................... 7.18-2 

7.18.3 Impact Analysis ..................................................................................................... 7.18-6 

7.18.4 Mitigation Measures .......................................................................................... 7.18-15 

7.18.5 References Cited ................................................................................................ 7.18-16 

7.19 Transportation/Traffic ................................................................................................ 7.19-1 

7.19.1 Environmental Checklist ....................................................................................... 7.19-1 

7.19.2 Environmental Setting .......................................................................................... 7.19-2 

7.19.3 Impact Analysis ..................................................................................................... 7.19-8 

7.19.4 References Cited ................................................................................................ 7.19-10 

7.20 Utilities and Service Systems ...................................................................................... 7.20-1 

7.20.1 Environmental Checklist ............................................................................................. 7.20-1 

7.20.2 Environmental Setting ................................................................................................ 7.20-2 

7.20.3 Impact Analysis ......................................................................................................... 7.20-18 

7.20.4 Mitigation Measures ................................................................................................. 7.20-48 

7.20.5 References Cited ....................................................................................................... 7.20-52 

7.21 Habitat Restoration and Other Ecosystem Projects ................................................... 7.21-1 

7.21.1 Descriptions of Physical Habitat Restoration and Other Ecosystem 

Projects ................................................................................................................. 7.21-6 

7.21.2 Evaluation of Potential Environmental Impacts ................................................. 7.21-16 

7.21.3 Summary of Impacts......................................................................................... 7.21-152 

7.21.4 References Cited .............................................................................................. 7.21-184 

7.22 New or Modified Facilities .......................................................................................... 7.22-1 

7.22.1 Description of New or Modified Facilities ............................................................ 7.22-4 

7.22.2 Evaluation of Potential Environmental Impacts ................................................. 7.22-15 

7.22.3 Summary of Impacts......................................................................................... 7.22-150 

7.22.4 References Cited .............................................................................................. 7.22-184 

7.24 Alternatives Analysis ................................................................................................... 7.24-1 

7.24.1 Introduction .......................................................................................................... 7.24-1 

7.24.2 No Project Alternative (Alternative 1) .................................................................. 7.24-3 

7.24.2.1 Changes in Hydrology ......................................................................................... 7.24-5 

7.24.2.2 Changes in Water Supply .................................................................................. 7.24-11 

7.24.2.3 New or Modified Facilities ................................................................................ 7.24-13 

7.24.2.4 Habitat Restoration and Other Ecosystem Projects ......................................... 7.24-14 

7.24.2.5 Economic Effects ............................................................................................... 7.24-15 

7.24.2.6 Achievement of Project Purpose and Goals ..................................................... 7.24-15 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xi 
September 2023 

 

 

7.24.3 Low Flow Alternative (Alternative 2).................................................................. 7.24-16 

7.24.3.1 Changes in Hydrology ....................................................................................... 7.24-17 

7.24.3.2 Changes in Water Supply .................................................................................. 7.24-19 

7.24.3.3 New or Modified Facilities ................................................................................ 7.24-21 

7.24.3.4 Habitat Restoration and Other Ecosystem Projects ......................................... 7.24-22 

7.24.3.5 Economic Effects ............................................................................................... 7.24-23 

7.24.3.6 Achievement of Project Purpose and Goals ..................................................... 7.24-24 

7.24.4 High Flow Alternative (Alternative 3) ................................................................. 7.24-24 

7.24.4.1 Changes in Hydrology ....................................................................................... 7.24-26 

7.24.4.2 Changes in Water Supply .................................................................................. 7.24-29 

7.24.4.3 New or Modified Facilities ................................................................................ 7.24-31 

7.24.4.4 Habitat Restoration and Other Ecosystem Projects ......................................... 7.24-32 

7.24.4.5 Economic Effects ............................................................................................... 7.24-33 

7.24.4.6 Achievement of Project Purpose and Goals ..................................................... 7.24-34 

7.24.5 Modular Alternatives for Interior Flows/Fall Delta Outflow (Alternatives 

4a, 4b, and 4c) .................................................................................................... 7.24-34 

7.24.5.1 Exclusion of Interior Delta Flow and Fall Delta Outflow Related 

Amendments Alternative (Alternative 4a) ....................................................... 7.24-35 

7.24.5.2 Head of Old River Barrier Alternative (Alternative 4b) ..................................... 7.24-40 

7.24.5.3 Extended Export Constraint (Alternative 4c) .................................................... 7.24-43 

7.24.6 Modular Drought Alternatives (Alternative 5a and 5b) ..................................... 7.24-46 

7.24.6.1 Instream Flow Protection Provision (Alternative 5a) ....................................... 7.24-47 

7.24.6.2 Shared Water Shortage Provision (Alternative 5b) .......................................... 7.24-49 

7.24.7 Environmentally Superior Alternative ................................................................ 7.24-51 

7.24.8 References Cited ................................................................................................ 7.24-53 

7.24.8.1 Common References ........................................................................................ 7.24-53 

7.24.8.2 Section References ........................................................................................... 7.24-54 

Chapter 8 Economic Analysis and Other Considerations ................................................................... 8-1 

8.1 Introduction ..................................................................................................................... 8-1 

8.2 Economic Profile .............................................................................................................. 8-2 

8.2.1 Population—Current and Future ..................................................................................... 8-5 

8.2.2 Employment and Income ................................................................................................. 8-6 

8.2.3 Municipal Water Use ....................................................................................................... 8-6 

8.2.4 Industrial Water Use ........................................................................................................ 8-8 

8.2.5 Agricultural Water Use .................................................................................................. 8-11 

8.2.6 Farming-Dependent Industries ...................................................................................... 8-13 

8.2.7 Exports of Agricultural Commodities ............................................................................. 8-22 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xii 
September 2023 

 

 

8.2.8 Sacramento/Delta Watershed Regional Profile ............................................................. 8-23 

8.2.8.1 Population ............................................................................................................... 8-23 

8.2.8.2 Socioeconomic Profile ............................................................................................. 8-23 

8.2.9 San Francisco Bay Area Regional Profile ........................................................................ 8-25 

8.2.9.1 Population ............................................................................................................... 8-25 

8.2.9.2 Socioeconomic Profile ............................................................................................. 8-25 

8.2.10 San Joaquin Valley Regional Profile ......................................................................... 8-27 

8.2.10.1 Population .............................................................................................................. 8-27 

8.2.10.2 Socioeconomic Profile ........................................................................................... 8-27 

8.2.11 Central Coast Regional Profile ................................................................................. 8-29 

8.2.11.1 Population .............................................................................................................. 8-29 

8.2.11.2 Socioeconomic Profile ........................................................................................... 8-29 

8.2.12 Southern California Regional Profile ....................................................................... 8-30 

8.2.12.1 Population .............................................................................................................. 8-30 

8.2.12.2 Socioeconomic Profile ........................................................................................... 8-31 

8.3 Costs Associated with Other Water Management Actions ........................................... 8-32 

8.3.1 Groundwater Use ........................................................................................................... 8-33 

8.3.2 Groundwater Storage and Recovery ............................................................................. 8-33 

8.3.3 Water Transfers ............................................................................................................. 8-34 

8.3.4 Water Recycling ............................................................................................................. 8-35 

8.3.5 Desalination ................................................................................................................... 8-35 

8.3.6 Water Conservation and Water Efficiency Measures .................................................... 8-36 

8.3.6.1 Agricultural Demand Management Measures ........................................................ 8-36 

8.3.6.2 Municipal Demand Management Measures ........................................................... 8-37 

8.4 Agricultural Water Supply Economic Effects ................................................................. 8-38 

8.4.1 Approach to Analysis ..................................................................................................... 8-39 

8.4.1.1 SWAP Model ............................................................................................................ 8-39 

8.4.1.2 CASRAA Model ........................................................................................................ 8-42 

8.4.1.3 IMPLAN Model ........................................................................................................ 8-43 

8.4.1.4 Water Year Types and Flow Scenarios .................................................................... 8-43 

8.4.2 Agricultural Economic Effects ........................................................................................ 8-44 

8.4.2.1 Sacramento/Delta ................................................................................................... 8-44 

8.4.2.2 San Joaquin Valley ................................................................................................... 8-52 

8.4.2.3 San Francisco Bay Area, Central Coast, and Southern California ............................ 8-62 

8.4.2.4 Effects on Farming-Dependent Industries .............................................................. 8-79 

8.4.3 Regional Economic Effects ............................................................................................. 8-83 

8.4.3.1 Regional Economic Effects Analysis Approach ........................................................ 8-83 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xiii 
September 2023 

 

 

8.4.3.2 Sacramento/Delta Watershed Regional Analysis .................................................... 8-84 

8.4.3.3 State of California Analysis ...................................................................................... 8-85 

8.4.4 Agricultural Economic Effects on Economically Disadvantaged Communities .............. 8-87 

8.4.5 Financial Assistance for Agricultural Water Conservation............................................. 8-89 

8.4.5.1 Recent Funding for Agricultural Water Conservation ............................................. 8-90 

8.4.5.2 Available Funding Programs .................................................................................... 8-91 

8.5 Municipal Water Supply Economic Effects .................................................................... 8-93 

8.5.1 Approach to Analysis ..................................................................................................... 8-94 

8.5.2 Sacramento River Watershed ........................................................................................ 8-97 

8.5.3 Delta Eastside Tributaries .............................................................................................. 8-97 

8.5.4 Delta ............................................................................................................................... 8-98 

8.5.5 San Francisco Bay Area .................................................................................................. 8-99 

8.5.6 San Joaquin Valley ......................................................................................................... 8-99 

8.5.7 Central Coast ................................................................................................................ 8-100 

8.5.8 Southern California ...................................................................................................... 8-100 

8.5.9 Economically Disadvantaged Communities and Drinking Water ................................ 8-101 

8.5.10 Potential Sources of Funding for Municipal Water Conservation ......................... 8-103 

8.6 Other Economic Effects ............................................................................................... 8-104 

8.6.1 Recreational and Commercial Fisheries....................................................................... 8-104 

8.6.2 Recreation .................................................................................................................... 8-105 

8.6.2.1 Rivers ..................................................................................................................... 8-106 

8.6.2.2 Reservoirs .............................................................................................................. 8-108 

8.6.3 Ecosystem Services ...................................................................................................... 8-108 

8.6.4 Wildlife Refuges ........................................................................................................... 8-110 

8.6.5 Energy .......................................................................................................................... 8-110 

8.7 Costs Associated with Habitat Restoration and Other Ecosystem Projects ................ 8-111 

8.7.1 Physical Habitat Restoration ........................................................................................ 8-112 

8.7.2 Fish Passage Improvements ......................................................................................... 8-113 

8.7.3 Predatory Fish Control ................................................................................................. 8-114 

8.7.4 Invasive Aquatic Vegetation Control ........................................................................... 8-115 

8.8 Costs Associated with New or Modified Facilities ....................................................... 8-115 

8.8.1 New or Modified Existing Reservoirs and Points of Diversion ..................................... 8-116 

8.8.2 Water Treatment Facilities .......................................................................................... 8-117 

8.8.2.1 New or Modified Drinking Water Treatment Plants ............................................. 8-117 

8.8.2.2 New or Modified Wastewater Treatment Plants and Recycled Water ................. 8-118 

8.8.3 Groundwater Wells and Groundwater Storage and Recovery .................................... 8-119 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xiv 
September 2023 

 

 

8.9 References ................................................................................................................... 8-120 

8.9.1 Common References .................................................................................................... 8-120 

8.9.2 Section References ...................................................................................................... 8-121 

Chapter 9 Proposed Voluntary Agreements ..................................................................................... 9-1 

9.1 Introduction ..................................................................................................................... 9-1 

9.2 Background ...................................................................................................................... 9-3 

9.3 Description of the Proposed Voluntary Agreements ....................................................... 9-4 

9.3.1 Components of Proposed Voluntary Agreements ........................................................... 9-6 

9.3.2 Narrative Viability Objective and Narrative Salmon Objective ........................................ 9-7 

9.3.3 Tributary Assets ............................................................................................................... 9-8 

9.3.4 Delta and Estuary Assets ................................................................................................ 9-12 

9.3.5 New Water Projects (before Year 8) .............................................................................. 9-13 

9.3.6 Points of Comparison for VA Flow Assets ...................................................................... 9-13 

9.4 Regulatory Implementation Pathway ............................................................................ 9-16 

9.5 Changes in Hydrology and Water Supply....................................................................... 9-16 

9.5.1 Introduction ................................................................................................................... 9-16 

9.5.2 VA Modeling Approach .................................................................................................. 9-18 

9.5.3 Changes in Hydrology .................................................................................................... 9-19 

9.5.4 Changes in Sacramento/Delta Surface Water Supply.................................................... 9-58 

9.6 Beneficial Environmental Effects of Proposed VAs........................................................ 9-73 

9.7 Environmental Analysis .................................................................................................. 9-82 

9.7.1 Approach ........................................................................................................................ 9-82 

9.7.2 Topics that Do Not Require Additional Impact Analyses ............................................... 9-83 

9.7.3 Aesthetics ....................................................................................................................... 9-84 

9.7.4 Agriculture and Forest Resources .................................................................................. 9-87 

9.7.5 Air Quality ...................................................................................................................... 9-95 

9.7.6 Biological Resources ...................................................................................................... 9-99 

9.7.7 Cultural Resources ....................................................................................................... 9-119 

9.7.8 Energy .......................................................................................................................... 9-121 

9.7.9 Geology and Soils ......................................................................................................... 9-129 

9.7.10 Greenhouse Gas Emissions ................................................................................... 9-131 

9.7.11 Hazards and Hazardous Materials ......................................................................... 9-135 

9.7.12 Hydrology and Water Quality ................................................................................ 9-137 

9.7.13 Land Use and Planning .......................................................................................... 9-153 

9.7.14 Mineral Resources ................................................................................................. 9-154 

9.7.15 Noise ...................................................................................................................... 9-155 

9.7.16 Population and Housing ........................................................................................ 9-157 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xv 
September 2023 

 

 

9.7.17 Public Services ....................................................................................................... 9-157 

9.7.18 Recreation ............................................................................................................. 9-157 

9.7.19 Transportation and Traffic .................................................................................... 9-159 

9.7.20 Utilities and Service Systems ................................................................................. 9-161 

9.7.21 Cumulative Impacts, Growth-Inducing Effects, and Significant 

Irreversible Environmental Changes ..................................................................... 9-164 

9.7.22 Impact Summary ................................................................................................... 9-170 

9.7.23 Ability to Achieve Project Purpose and Goals ....................................................... 9-190 

9.8 Economic Analysis and Other Considerations ............................................................. 9-190 

9.8.1 Introduction ................................................................................................................. 9-190 

9.8.2 Agricultural Water Supply Economic Effects ............................................................... 9-191 

9.8.3 Municipal Water Supply Economic Effects .................................................................. 9-197 

9.8.4 Costs to Implement Proposed VAs .............................................................................. 9-198 

9.9 Modular Alternatives for Proposed VAs ...................................................................... 9-199 

9.9.1 Introduction ................................................................................................................. 9-199 

9.9.2 Protection of Voluntary Agreement Flows Alternative ............................................... 9-199 

9.9.3 Economic Effects .......................................................................................................... 9-200 

9.9.4 Achievement of Project Purpose and Goals ................................................................ 9-200 

9.10 References Cited .......................................................................................................... 9-200 

9.10.1 Common References ............................................................................................. 9-200 

9.10.2 Section References ................................................................................................ 9-201 

Chapter 10 Economically Disadvantaged Communities ................................................................... 10-1 

10.1 Introduction ................................................................................................................... 10-1 

10.2 Overview of DACs and Water Supplies .......................................................................... 10-2 

10.3 Regulatory Background .................................................................................................. 10-4 

10.3.1 Safe Drinking Water Act .......................................................................................... 10-4 

10.3.2 Human Right to Water ............................................................................................ 10-4 

10.3.3 Sustainable Groundwater Management Act ........................................................... 10-5 

10.3.4 State Water Board's Racial Equity Resolution and Racial Equity Action 

Plan .......................................................................................................................... 10-5 

10.3.5 Assembly Bill 2108 (2022) ....................................................................................... 10-6 

10.3.6 Executive Order on Revitalizing Our Nation’s Commitment to 

Environmental Justice for All ................................................................................... 10-6 

10.4 Issues of Concern for DACs ............................................................................................ 10-6 

10.5 Assistance Programs ...................................................................................................... 10-8 

10.5.1 Financial Assistance ................................................................................................. 10-8 

10.5.2 Technical Assistance .............................................................................................. 10-10 

10.6 References Cited .......................................................................................................... 10-11 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xvi 
September 2023 

 

 

10.6.1 Common References ............................................................................................. 10-11 

10.6.2 Section References ................................................................................................ 10-11 

Chapter 11 Tribal Engagement ....................................................................................................... 11-1 

11.1 Introduction ................................................................................................................... 11-1 

11.2 State Policies on Outreach and Engagement ................................................................. 11-4 

11.2.1 Governors’ Executive Orders ................................................................................... 11-4 

11.2.2 Assembly Bill 52 (2014) ........................................................................................... 11-4 

11.2.3 State Water Board Tribal Consultation Policy (2019) ............................................. 11-4 

11.2.4 CalEPA Tribal Consultation Protocol (2020) ............................................................ 11-5 

11.2.5 State Water Board's Racial Equity Resolution (2021) and Racial Equity 

Action Plan (2022) ................................................................................................... 11-5 

11.3 Tribal Policies ................................................................................................................. 11-6 

11.4 Outreach and Engagement with Tribes ......................................................................... 11-6 

11.4.1 Applicable Consultation Policy ................................................................................ 11-6 

11.4.2 Consultation Letters ................................................................................................ 11-7 

11.4.3 Board Workshop on Draft Scientific Basis Report Supplement .............................. 11-7 

11.4.4 Tribal Listening Sessions .......................................................................................... 11-7 

11.4.5 California Tribal Water Summit ............................................................................... 11-8 

11.4.6 Tribal Meetings ........................................................................................................ 11-8 

11.4.7 Commitment to Ongoing Engagement and Coordination ...................................... 11-9 

11.5 Tribal Beneficial Uses ..................................................................................................... 11-9 

11.5.1 State Water Resources Control Board Resolution No. 2017-0027 (2017) ............ 11-10 

11.5.2 Regional Water Board Tribal Beneficial Use Status............................................... 11-10 

11.5.3 Consideration of Adding Tribal Beneficial Uses to Bay-Delta Plan ........................ 11-10 

11.6 Traditional Ecological Knowledge ................................................................................ 11-13 

11.6.1 Incorporating Traditional Ecological Knowledge ................................................... 11-13 

11.6.2 Description of Traditional Ecological Knowledge .................................................. 11-13 

11.6.3 Traditional Ecological Knowledge of Native American Tribes in the Bay-

Delta Watershed ................................................................................................... 11-15 

11.6.4 Traditional Resource Management Practices in the Bay-Delta Watershed .......... 11-16 

11.6.5 Effects of Aquatic Ecosystem Stressors on Tribal Uses of Water .......................... 11-17 

11.6.6 Incorporating Traditional Ecological Knowledge into Bay-Delta Plan 

Implementation ..................................................................................................... 11-19 

11.7 References Cited .......................................................................................................... 11-19 

11.7.1 Common References ............................................................................................. 11-19 

11.7.2 Section References ................................................................................................ 11-20 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xvii 
September 2023 

 

 

Chapter 12 Public Participation ............................................................................................... 12-1 

12.1 Introduction ................................................................................................................... 12-1 

12.2 CEQA Scoping ................................................................................................................. 12-2 

12.3 Informational Workshops Regarding Scientific and Technical Basis for 

Potential Changes to the Bay-Delta Plan ....................................................................... 12-2 

12.4 SacWAM Development .................................................................................................. 12-4 

12.5 Scientific Basis Report .................................................................................................... 12-5 

12.6 October 2017 Notice Regarding Information and Future Updates on 

Sacramento/Delta Update of the Bay-Delta Plan .......................................................... 12-6 

12.7 Framework for Possible Sacramento/Delta Updates to the Bay-Delta Plan ................. 12-6 

12.8 State Water Board Informational Items ........................................................................ 12-6 

12.9 Scientific Basis Report Supplement ............................................................................... 12-7 

12.10 Environmental Justice Focused Listening Sessions ........................................................ 12-8 

12.11 Additional Activities ....................................................................................................... 12-8 

12.12 References Cited ............................................................................................................ 12-9 

12.12.1 Common References ............................................................................................... 12-9 

12.12.2 Section References .................................................................................................. 12-9 



State Water Resources Control Board Table of Contents 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xviii 
September 2023 

List of Appendices 

Appendix A  Modeling for the Unimpaired Flow Scenarios 

Appendix A1, Sacramento Water Allocation Model Methods and Results 

A1a, Methods for Estimating Regional Sacramento/Delta Surface Water Supply for 

Agricultural and Municipal Use 

A1b, Methodology for Estimating Existing Water Supply from Historical Water 

Deliveries Data 

A1c, Preliminary Assessment of Effect of Reservoir Storage on Reservoir Release 

Temperature 

Appendix A2, Delta Simulation Model II (DSM2) Methods and Results 

Appendix A3, Agricultural Economic Analysis:  SWAP Methodology and Modeling 

Results 

Appendix A4, Regional Economic Analysis Modeling Procedure 

A4a, List of Crop Budget References 

Appendix A5, Hydropower, Energy Grid, and Export Energy Analyses 

Appendix A6, Water Temperature Modeling and Fish Assessment for the Sacramento, 

Feather, and American Rivers  

Appendix A7, Modeling Approaches Used to Develop Unimpaired Watershed Hydrology 

Appendix A8, Salmonid Tributary Habitat Analysis 

Appendix B Scientific Basis Report in Support of New and Modified Requirements for 

Inflows from the Sacramento River and its Tributaries and Eastside Tributaries 

to the Delta, Delta Outflows, Cold Water Habitat, and Interior Delta Flows 

(2017) 

Appendix C Supplemental Special-Status Species Lists for Plants and Wildlife 

Appendix D Supplemental Municipal Supply Analysis Information 

Appendix E Regulatory Framework for Construction Projects 

Appendix F Impact Summary Tables for Alternatives 1, 2, and 3 

Appendix G Appendices for Chapter 9, Proposed Voluntary Agreements 

Appendix G1, Voluntary Agreement Proposal 

Appendix G2, Final Draft Scientific Basis Report Supplement in Support of Proposed 

Voluntary Agreements for the Sacramento River, Delta, and Tributaries Update to the 

San Francisco Bay/Sacramento-San Joaquin Delta Water Quality Control Plan 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xix 
September 2023 

 

 

Appendix G3, Modeling for the Proposed Voluntary Agreements 

Appendix G3a, Sacramento Water Allocation Model Methods and Results for the 

Proposed Voluntary Agreements 

Appendix G3b, Delta Simulation Model II (DSM2) Methods and Results for the 

Proposed Voluntary Agreements 

Appendix G3c, Economic Considerations for the Proposed Voluntary Agreements 

Appendix G3d, Hydropower, Energy Grid, and Export Energy Analyses for the 

Proposed Voluntary Agreements 

Appendix G3e, Water Temperature Modeling and Fish Assessment for the 

Sacramento, Feather, and American Rivers for the Proposed Voluntary Agreements 

Appendix G4, Environmental Checklist for the Proposed Voluntary Agreements 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xx 
September 2023 

 

 

Tables 

Table Page 

1-1 Impact and Mitigation Measure Summary—Proposed Plan Amendments  ........................ 1-21 

1-2 Impact and Mitigation Measure Summary—Proposed Voluntary Agreements .................. 1-47 

2.1-1 Summary Information Used in SacWAM for the Major Tributaries to the 

Sacramento River and the Delta Eastside Tributaries .......................................................... 2-15 

2.2-1 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Sacramento River below Keswick Reservoir ........................................................................ 2-22 

2.2-2 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Sacramento River at Freeport .............................................................................................. 2-26 

2.2-3 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Battle Creek .......................................................................................................................... 2-29 

2.2-4 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Cow Creek ............................................................................................................................. 2-31 

2.2-5 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Antelope Creek ..................................................................................................................... 2-34 

2.2-6 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Deer Creek ............................................................................................................................ 2-37 

2.2-7 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Mill Creek.............................................................................................................................. 2-40 

2.2-8 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Clear Creek ........................................................................................................................... 2-43 

2.2-9 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Butte Creek ........................................................................................................................... 2-46 

2.2-10 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Feather River above Confluence with Yuba River ................................................................ 2-50 

2.2-11 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Feather River with Confluence of Sacramento River ........................................................... 2-52 

2.2-12 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Yuba River ............................................................................................................................. 2-56 

2.2-13 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Bear River ............................................................................................................................. 2-58 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxi 
September 2023 

 

 

2.2-14 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

American River ..................................................................................................................... 2-61 

2.2-15 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Mokelumne River ................................................................................................................. 2-64 

2.2-16 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Cosumnes River .................................................................................................................... 2-67 

2.2-17 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Calaveras River ..................................................................................................................... 2-70 

2.2-18 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Stony Creek........................................................................................................................... 2-72 

2.2-19 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Cottonwood Creek ............................................................................................................... 2-74 

2.2-20 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Thomes Creek ....................................................................................................................... 2-76 

2.2-21 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Cache Creek .......................................................................................................................... 2-79 

2.2-22 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Putah Creek .......................................................................................................................... 2-82 

2.3-1 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Sutter Bypass ........................................................................................................................ 2-88 

2.3-2 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Yolo Bypass ........................................................................................................................... 2-92 

2.4-1 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow 

for Delta Inflow ..................................................................................................................... 2-97 

2.4-2 Median Current Conditions as Percent of Unimpaired Flow for Delta Inflow by 

Major Tributary .................................................................................................................... 2-98 

2.4-3 Cumulative Distribution of Current Conditions as Percent of Unimpaired Flow in 

Delta Outflow ..................................................................................................................... 2-108 

2.4-4 Simulated Unimpaired Contributions to Total Delta Outflow from Various 

Locations in the Plan Area (percent of Delta outflow) ....................................................... 2-109 

2.6-1 Sacramento Valley Unimpaired Runoff .............................................................................. 2-115 

2.7-1a Summary of Active Water Right Records in the Sacramento/Delta Watershed: 

Post-1914 Appropriative Water Rights .............................................................................. 2-118 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxii 
September 2023 

 

 

2.7-1b Summary of Active Water Right Records in the Sacramento/Delta Watershed: 

Statements of Diversion and Use ....................................................................................... 2-119 

2.7-1c Summary of Active Water Right Records in the Sacramento/Delta Watershed: 

Minor Water Right Types ................................................................................................... 2-119 

2.7-2 Summary of California Department of Water Resources and U.S. Bureau of 

Reclamation Water Right Records in the Sacramento/Delta Watershed .......................... 2-119 

2.7-3a Summary of 2018 Reported Diversions by Volume for Water Right Records in 

the Sacramento/Delta Watershed ..................................................................................... 2-120 

2.7-3b Summary of 2019 Reported Diversions by Volume for Water Right Records in 

the Sacramento/Delta Watershed ..................................................................................... 2-120 

 

2.7-4 SWP and CVP Supplemental Project Water Releases from 2000 to 2022 ......................... 2-121 

2.8-1 Estimated Average Annual Total Surface Water and Other Water Supplies by 

Geographic Region and Sector (thousand acre-feet) ......................................................... 2-125 

2.8-2 Estimated Average Annual Groundwater Supply by Geographic Region and 

Sector (thousand acre-feet) ............................................................................................... 2-125 

2.8-3 Simulated Average Annual Sacramento/Delta Surface Water Supply by 

Geographic Region and Sector (thousand acre-feet) ......................................................... 2-125 

2.8-4 Average Annual Sacramento River Watershed Water Supply Estimates 

(thousand acre-feet) ........................................................................................................... 2-127 

2.8-5 Average Annual Delta Eastside Tributaries Water Supply Estimates (thousand 

acre-feet) ............................................................................................................................ 2-130 

2.8-6 Average Annual Delta Water Supply Estimates (thousand acre-feet) ............................... 2-132 

2.8-7 Average Annual San Francisco Bay Area Water Supply Estimates (thousand acre-

feet) .................................................................................................................................... 2-134 

2.8-8 Average Annual San Joaquin Valley Water Supply Estimates (thousand acre-feet) .......... 2-137 

2.8-9 Average Annual Central Coast Water Supply Estimates (thousand acre-feet) .................. 2-139 

2.8-10 Average Annual Southern California Water Supply Estimates (thousand acre-

feet) .................................................................................................................................... 2-141 

3.4-1 General Timing of Important Life Stages of Sacramento and San Joaquin River 

Basin Chinook Salmon and California Central Valley Steelhead .......................................... 3-16 

3.4-2 Timing of Juvenile Chinook Salmon and California Central Valley Steelhead Entry 

into the Delta from the Sacramento River Basin by Month ................................................. 3-18 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxiii 
September 2023 

 

 

3.4-3 Summary of the Natural Production of All Four Runs of Chinook Salmon in the 

Sacramento and San Joaquin River Basins during the Central Valley Project 

Improvement Act Baseline Period of 1967–1991 and 1992–2015 ...................................... 3-22 

3.4-4 Timing of Adult Chinook Salmon and Steelhead Migrations through the Delta to 

Upstream Sacramento and San Joaquin River Spawning Tributaries .................................. 3-38 

3.4-5 State Water Board Staff Analysis of the Frequency of Common Flow-Related 

Stressors for Spring-Run Chinook Salmon and Central Valley Steelhead in 22 

Salmon-Bearing Tributaries of the Sacramento River .......................................................... 3-39 

3.4-6 Salmon Returns on the Mokelumne River ........................................................................... 3-40 

3.4-7 Sacramento River and Interior Delta Flows to Increase the Abundance and 

Survival of Chinook Salmon Populations .............................................................................. 3-49 

3.5-1 Delta Outflow and Old and Middle Rivers Reverse Flows Indicated to Be 

Protective of Longfin Smelt Recruitment ............................................................................. 3-62 

3.6-1 Delta Outflow Indicated to Be Protective of White and Green Sturgeon ............................ 3-68 

3.7-1 Delta Outflow Indicated to Be Protective of Sacramento Splittail ....................................... 3-72 

3.8-1 Delta Outflow and Old and Middle River Flows Indicated to Be Protective of 

Delta Smelt ........................................................................................................................... 3-79 

3.9-1 Delta Outflow Indicated to Be Protective of Starry Flounder .............................................. 3-87 

3.10-1 Delta Outflows Indicated to Be Protective of California Bay Shrimp ................................... 3-92 

3.11-1 Delta Outflow Indicated to Be Protective of Zooplankton Species ...................................... 3-95 

3.14-1 Magnitude and Timing of Delta Outflows Indicated to Be Protective of Estuarine-

Dependent Species ............................................................................................................. 3-104 

3.14-2 Functional Flow Needs for Estuarine-Dependent Species ................................................. 3-106 

3.14-3 Summary of Interior Delta Flows Indicated to Be Protective of Salmonids and 

Estuarine-Dependent Fish Species (cubic feet per second) ............................................... 3-109 

3.14-4 Frequency of Meeting Rio Vista Targets for Chinook Salmon Species ............................... 3-114 

3.14-5 Frequency of Meeting Freeport Targets for November–May ............................................ 3-115 

3.14-6 Summary of Frequency of Meeting Winter–Spring Delta Outflows to Benefit 

Estuarine Habitat and Species ............................................................................................ 3-118 

3.14-7 Potential Percent Increase in Median Abundance Indices Relative to Baseline 

Condition, with 95 Percent Confidence Intervals and by Water Year Type ....................... 3-122 

3.14-8 Change in Median (across All Years Modeled) Spawning Habitat from Baseline 

for Each Flow Scenario ....................................................................................................... 3-127 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxiv 
September 2023 

 

 

3.14-9 Change in Median (across All Years Modeled) Rearing (Instream and Floodplain) 

Habitat from Baseline for Each Flow Scenario ................................................................... 3-129 

3.14-10 Percent of Years in Which Meaningful Floodplain Events Are Attained in Each 

Tributary ............................................................................................................................. 3-130 

3.15-1 Estuarine-Dependent Species Listed under the California and Federal 

Endangered Species Acts and Changes in Indices of Their Population Abundance 

in the San Francisco Estuary ............................................................................................... 3-135 

4.5-1 Summary of Recent Take Regulations to Reduce the Impact of Commercial and 

Recreational Harvest on Native Fish Species ....................................................................... 4-28 

5.2-1 Existing Delta Outflow Objectives from July to January ....................................................... 5-27 

6.3-1 Total Annual Delta Inflow Average by Water Year Type and Scenario: Change 

from Baseline (thousand acre-feet) ..................................................................................... 6-27 

6.3-2 Changes in Total Annual Delta Outflow Average by Water Year Type and 

Scenario (thousand acre-feet) .............................................................................................. 6-28 

6.3-3 February through June Average X2 Position by Water Year Type and Scenario 

(kilometers) .......................................................................................................................... 6-29 

6.3-4 Potentially Affected Upper Watershed Interbasin Diversions ............................................. 6-32 

6.3-5 Existing Reservoir Release and Downstream Flow Requirements for Export 

Reservoirs in the San Francisco Bay Area, Central Coast, and Southern California 

Regions ................................................................................................................................. 6-34 

6.3-6 Average End-of-April Storage (thousand acre-feet) and Percent Differences from 

Baseline in Rim Reservoirs in the Scenarios for All Years ..................................................... 6-40 

6.3-7 Average End-of-April Storage (thousand acre-feet) and Percent Differences from 

Baseline in Rim Reservoirs in the Scenarios for Critical Years.............................................. 6-40 

6.3-8 Average Carryover Storage (thousand acre-feet) and Percent Differences from 

Baseline in Rim Reservoirs in the Scenarios for All Years ..................................................... 6-41 

6.3-9 Average Carryover Storage (thousand acre-feet) and Percent Differences from 

Baseline in Rim Reservoirs in the Scenarios for Critical Years.............................................. 6-41 

6.3-10 Average End-of-September Watershed Total Storage for Baseline (thousand 

acre-feet) and Percent Difference from Baseline for the Flow Scenarios ............................ 6-49 

6.3-11 Average Critical Year End-of-September Watershed Total Storage for Baseline 

(thousand acre-feet) and Percent Difference from Baseline for the Flow 

Scenarios .............................................................................................................................. 6-49 

6.3-12 Representative Terminal Reservoirs and Their Historical Response to Reduced 

Water Supply during Drought .............................................................................................. 6-50 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxv 
September 2023 

 

 

6.4-1 Annual Average Water Supplied to Each Region in the Study Area (thousand 

acre-feet per year) ................................................................................................................ 6-54 

6.4-2 Annual Water Year Type Average Annual Sacramento/Delta Supply for Baseline 

and Change from Baseline (thousand acre-feet) ................................................................. 6-57 

6.4-3 Water Year Type Annual Average South-of-Delta Exports for Baseline and 

Change from Baseline (thousand acre-feet) ........................................................................ 6-57 

6.4-4 Annual Total Sacramento/Delta Supply to the Sacramento River Watershed 

Water Year Type Average: Change from Baseline (thousand acre-feet per year) ............... 6-59 

6.4-5 Annual Sacramento/Delta Supply to Agriculture in the Sacramento River 

Watershed Water Year Type Average: Change from Baseline (thousand acre-feet 

per year) ............................................................................................................................... 6-60 

6.4-6 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the 

Sacramento River Watershed Water Year Type Average: Change from Baseline 

(thousand acre-feet per year) .............................................................................................. 6-61 

6.4-7 Annual Sacramento/Delta Supply to Wildlife Refuges in the Sacramento River 

Watershed Water Year Type Average: Change from Baseline (thousand acre-feet 

per year) ............................................................................................................................... 6-62 

6.4-8 Annual Sacramento/Delta Supply to the Delta Eastside Tributaries Region Water 

Year Type Average: Change from Baseline (thousand acre-feet)  ....................................... 6-64 

6.4-9 Annual Sacramento/Delta Supply to Agriculture in the Delta Eastside Tributaries 

Region Water Year Type Average: Change from Baseline (thousand acre-feet per 

year) ...................................................................................................................................... 6-64 

6.4-10 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the Delta 

Eastside Tributaries Region Water Year Type Average: Change from Baseline 

(thousand acre-feet per year) .............................................................................................. 6-64 

6.4-11 Annual Sacramento/Delta Supply to the Delta Region Water Year Type Average: 

Change from Baseline (thousand acre-feet per year) .......................................................... 6-66 

6.4-12 Annual Sacramento/Delta Supply to Agriculture in the Delta Region Water Year 

Type Average: Change from Baseline (thousand acre-feet per year) .................................. 6-67 

6.4-13 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the Delta 

Region Water Year Type Average: Change from Baseline (thousand acre-feet per 

year) ...................................................................................................................................... 6-67 

6.4-14 Annual Sacramento/Delta Supply to the San Francisco Bay Area Region Water 

Year Type Average: Change from Baseline (thousand acre-feet) ........................................ 6-68 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxvi 
September 2023 

 

 

6.4-15 Annual Sacramento/Delta Supply to Agriculture in the San Francisco Bay Area 

Region Water Year Type Average: Change from Baseline (thousand acre-feet per 

year) ...................................................................................................................................... 6-69 

6.4-16 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the San 

Francisco Bay Area Region Water Year Type Average: Change from Baseline 

(thousand acre-feet per year) .............................................................................................. 6-69 

6.4-17 Annual Sacramento/Delta Supply to the Central Coast Region Water Year Type 

Average: Change from Baseline (thousand acre-feet) ......................................................... 6-71 

6.4-18 Annual Sacramento/Delta Supply to Agriculture in the Central Coast Region 

Water Year Type Average: Change from Baseline (thousand acre-feet per year) ............... 6-71 

6.4-19 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the Central 

Coast Region Water Year Type Average: Change from Baseline (thousand acre-

feet per year)  ....................................................................................................................... 6-71 

6.4-20 Annual Sacramento/Delta Supply to the San Joaquin Valley Region Water Year 

Type Average: Change from Baseline (thousand acre-feet) ................................................ 6-74 

6.4-21 Sacramento/Delta Supply to Agriculture in the San Joaquin Valley Region Water 

Year Type Average: Change from Baseline (thousand acre-feet) ........................................ 6-75 

6.4-22 Sacramento/Delta Supply to Urban Use in the San Joaquin Valley Region Water 

Year Type Average Change from Baseline (thousand acre-feet) ......................................... 6-76 

6.4-23 Sacramento/Delta Supply to Wildlife Refuges in the San Joaquin Valley Region 

Water Year Type Average: Change from Baseline (thousand acre-feet) ............................. 6-77 

6.4-24 Sacramento/Delta Supply to the Southern California Region Water Year Type 

Average: Change from Baseline (thousand acre-feet) ......................................................... 6-79 

6.4-25 Annual Sacramento/Delta Supply to Agriculture in the Southern California 

Region   Water Year Type Average: Change from Baseline (thousand acre-feet 

per year) ............................................................................................................................... 6-79 

6.4-26 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the 

Southern California Region Water Year Type Average: Change from Baseline 

(thousand acre-feet/year) .................................................................................................... 6-79 

6.5-1 Average Annual Groundwater Use by Geographic Region and Sector, 2005–2015 

(thousand acre-feet) ............................................................................................................. 6-80 

6.6-1 Summary of Market-Based Water Transfers, by Region (Annual Average – 

thousand acre-feet per year) ............................................................................................... 6-86 

6.6-2 Destination Use of Long-Term and Permanent Contracts ................................................... 6-88 

6.6-3 Water Transfers in California by Type of Market, Volume Committed (acre-feet) ............. 6-89 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxvii 
September 2023 

 

 

7.1-1 Overview of Modeling Tools Used in the Staff Report ...................................................... 7.1-13 

7.1-2 Impact and Mitigation Measure Summary—Proposed Plan Amendments ...................... 7.1-26 

7.2-1 Proposed VA Assets ........................................................................................................... 7.2-14 

7.4-1 Average Annual Total Water Supply (Surface Water and Groundwater) by 

Geographic Region and Sector, 2005–2015 (thousand acre-feet) ...................................... 7.4-9 

7.4-2 Average Annual Groundwater Supply by Geographic Region and Sector, 2005–

2015 (thousand acre-feet) ................................................................................................... 7.4-9 

7.4-3 Simulated Average Annual Sacramento/Delta Surface Water Supply by 

Geographic Region and Sector (thousand acre-feet) ........................................................ 7.4-10 

7.4-4 Top-Producing Crops, by Acreage, Sacramento River Watershed (2011–2016 

average) ............................................................................................................................. 7.4-15 

7.4-5 Baseline Irrigated Crop Acreage in Upper Watersheds (acres) ......................................... 7.4-16 

7.4-6 Top-Producing Crops, by Acreage, Delta Eastside Tributaries (2011–2016 

average) ............................................................................................................................. 7.4-20 

7.4-7 Top-Producing Crops, by Acreage, Delta Region  (2011–2016 average) ........................... 7.4-21 

7.4-8 Top-Producing Crops, by Acreage, San Francisco Bay Area Region (2011–2016 

average) ............................................................................................................................. 7.4-23 

7.4-9 Top-Producing Crops, by Acreage, San Joaquin Valley Region (2011–2016 

average) ............................................................................................................................. 7.4-24 

7.4-10 Top-Producing Crops, by Acreage, Central Coast Region (2011–2016 average) .............. 7.4-31 

7.4-11 Top-Producing Crops, by Acreage, Southern California Region (2011–2016 

average) ............................................................................................................................. 7.4-33 

7.4-12 Range of Applied Water Requirements by Crop Category used in the SWAP 

Model Analysis, Sacramento/Delta and San Joaquin Valley (acre-feet per acre 

per year) ............................................................................................................................ 7.4-38 

7.4-13 Representative Revenue Generated per Acre of Crop Production ................................... 7.4-39 

7.4-14 Crop Groups for Display of Results and Analysis ............................................................... 7.4-39 

7.4-15 Sacramento/Delta Supply to Agriculture in the Sacramento River Watershed, 

Delta Eastside Tributaries, and Delta Regions by Water Year Type Average: 

Change from Baseline (thousand acre-feet per year) ....................................................... 7.4-44 

7.4-16 Total Surface Water Supply for Agriculture in the SWAP Zones of the 

Sacramento River Watershed, Delta Eastside Tributaries, and Delta Regions, 

Average and Dry Water Year Types, SWAP Model Inputs for Baseline and Flow 

Scenario Runs (thousand acre-feet per year) .................................................................... 7.4-44 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxviii 
September 2023 

 

 

7.4-17 Average Year: Irrigated Crop Acreage in the Sacramento/Delta, SWAP Model 

Analysis, No Replacement Groundwater (acres) .............................................................. 7.4-47 

7.4-18 Dry Year: Irrigated Crop Acreage in the Sacramento/Delta, SWAP Model 

Analysis, No Replacement Groundwater (acres) .............................................................. 7.4-50 

7.4-19 Sacramento/Delta Supply to San Joaquin Valley Region Agriculture, Water Year 

Type Average: Change from Baseline Conditions (thousand acre-feet) ........................... 7.4-55 

7.4-20 Total Surface Water Supply for Agriculture in the SWAP Zones of the San 

Joaquin Valley Region, Average and Dry Water Year Types, SWAP Model Inputs 

for Baseline and Flow Scenario Runs (thousand acre-feet per year) ................................ 7.4-55 

7.4-21 Average Year: Irrigated Crop Acreage in the San Joaquin Valley Region, No 

Replacement Groundwater (acres) ................................................................................... 7.4-58 

7.4-22 Dry Year: Irrigated Crop Acreage in the San Joaquin Valley Region, No 

Replacement Groundwater (acres) ................................................................................... 7.4-60 

7.4-23 Exchange Contractor Shortage (thousand acre-feet) Percent Exceedance by 

Scenario ............................................................................................................................. 7.4-67 

7.4-24 Estimated Annual Volume of Millerton Lake Supply Redirected to Exchange 

Contractors Due to Calls on Friant, Average and Dry Water Year (thousand acre-

feet) ................................................................................................................................... 7.4-67 

7.4-25 Sacramento/Delta Supply to Bay Area Region Agriculture Water Year Type 

Average Change from Baseline (thousand acre-feet) ....................................................... 7.4-76 

7.4-26 Surface Water Supply for Agriculture in the San Francisco Bay Area Region, 

Average and Dry Water Year Types, Baseline and Flow Scenarios (thousand acre-

feet per year) ..................................................................................................................... 7.4-76 

7.4-27 Average Year: Irrigated Crop Acreage in the San Francisco Bay Area Region 

(acres) ................................................................................................................................ 7.4-78 

7.4-28 Dry Year: Irrigated Crop Acreage in the San Francisco Bay Area Region (acres) .............. 7.4-78 

7.4-29 Change in Sacramento/Delta Supply to Central Coast Agriculture, Water Year 

Type Annual Change from Baseline (thousand acre-feet) ................................................ 7.4-80 

7.4-30 Surface Water Supply for Agriculture in the Central Coast Region, Average and 

Dry Water Year Types, Baseline and Scenarios (thousand acre-feet per year) ................ 7.4-81 

7.4-31 Average Year: Irrigated Crop Acreage in the Central Coast Region (acres) ...................... 7.4-82 

7.4-32 Dry Year: Irrigated Crop Acreage in the Central Coast Region (acres) .............................. 7.4-82 

7.4-33 Sacramento/Delta Supply to Southern California Agricultural, Water Year Type 

Annual Change from Baseline (thousand acre-feet) ......................................................... 7.4-84 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxix 
September 2023 

 

 

7.4-34 Surface Water Supply for Agriculture in the Southern California Region, Average 

and Dry Water Year Types, Baseline and Scenarios (thousand acre-feet per year) ......... 7.4-84 

7.4-35 Average Year: Irrigated Crop Acreage in the Southern California Region (acres) ............. 7.4-86 

7.4-36 Dry Year: Irrigated Crop Acreage in the Southern California Region (acres) .................... 7.4-86 

7.5-1 Regional Air Basin, Air District, and Federal and State Criteria Pollutant 

Attainment Designations for Counties in the Study Area ................................................... 7.5-4 

7.6.1-1 Sensitive Natural Communities with Potential to Occur or Known to Occur in the 

Study Area ........................................................................................................................ 7.6.1-4 

7.6.1-2 Special-Status Plants with Potential to Occur or Known to Occur in the Study 

Area .................................................................................................................................. 7.6.1-6 

7.6.1-3 Special-Status Wildlife (excluding Fish and Vernal Pool Branchiopods) with 

Potential to Occur or Known to Occur in the Study Area ................................................ 7.6.1-8 

7.6.1-4 Regional Habitat Conservation Plans and Natural Community Conservation Plans 

in the Study Area ............................................................................................................ 7.6.1-42 

7.6.1-5  SacWAM Results for Annual Average Reductions in Refuge Water Supplies 

(TAF/yr) from Sacramento/Delta Water ........................................................................ 7.6.1-62 

7.6.2-1 Special-Status Fish Species That Occur in the Study Area ................................................ 7.6.2-6 

7.6.2-2 On-Stream Export Reservoirs: Capacities, Streams Impounded, River Basins, and 

Geographic Regions ........................................................................................................ 7.6.2-19 

7.6.2-3 Habitat Conservation Plans and Natural Community Conservation Plans with 

Covered Fish Species ...................................................................................................... 7.6.2-25 

7.6.2-4 Percent of Months within Each Season That Exceed Sacramento and Delta Flows 

Associated with Successful Juvenile Chinook Salmon Emigration through the 

Delta ............................................................................................................................... 7.6.2-37 

7.6.2-5 Frequency of Meeting Winter–Spring Delta Outflows to Benefit Estuarine 

Habitat and Species (percent of months) ....................................................................... 7.6.2-38 

7.6.2-6 SacWAM Results for Frequency (Percent of Months) of Positive Old and Middle 

River Flows ..................................................................................................................... 7.6.2-42 

7.6.2-7 SacWAM Results for Frequency (Percent of Months) of Old and Middle River 

Flows More Positive than -1,250 cubic feet per second ................................................ 7.6.2-42 

7.6.2-8 SacWAM Results for Frequency (Percent of Months) of Old and Middle River 

Flows More Positive than -2,500 cubic feet per second ................................................ 7.6.2-43 

7.6.2-9 SacWAM Results for Frequency (Percent of Months) of Old and Middle River 

Flows More Positive than -5,000 cubic feet per second ................................................ 7.6.2-43 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxx 
September 2023 

 

 

7.6.2-10 SacWAM Results for Frequency (Percent of Months) of Positive Jersey Point 

Flows ............................................................................................................................... 7.6.2-43 

7.6.2-11 SacWAM Results for Average San Joaquin Inflow to Export (I:E) Ratios ........................ 7.6.2-44 

7.6.2-12 Average Percent of Days above Each Winter-Run Chinook Salmon Water 

Temperature Criterion under Baseline, Sacramento River ............................................ 7.6.2-61 

7.6.2-13 Summary of Potential Effects of Flow Scenarios on Winter-Run Chinook Salmon, 

Sacramento River ........................................................................................................... 7.6.2-62 

7.6.2-14 Average Percent of Days above Each Spring-Run Chinook Salmon Water 

Temperature Criterion under Baseline, Sacramento River ............................................ 7.6.2-63 

7.6.2-15 Summary of Potential Effects of Flow Scenarios on Spring-Run Chinook Salmon, 

Sacramento River ........................................................................................................... 7.6.2-64 

7.6.2-16 Average Percent of Days above Each Fall-Run Chinook Salmon Water 

Temperature Criterion under Baseline, Sacramento River ............................................ 7.6.2-65 

7.6.2-17 Summary of Potential Effects of Flow Scenarios on Fall-Run Chinook Salmon, 

Sacramento River ........................................................................................................... 7.6.2-66 

7.6.2-18 Average Percent of Days above Each Late Fall-Run Chinook Salmon Water 

Temperature Criterion under Baseline, Sacramento River ............................................ 7.6.2-67 

7.6.2-19 Summary of Potential Effects of Flow Scenarios on Late Fall-Run Chinook 

Salmon, Sacramento River ............................................................................................. 7.6.2-68 

7.6.2-20 Average Percent of Days above Each Central Valley Steelhead Water 

Temperature Criterion under Baseline, Sacramento River ............................................ 7.6.2-68 

7.6.2-21 Summary of Potential Effects of Flow Scenarios on Central Valley Steelhead, 

Sacramento River ........................................................................................................... 7.6.2-70 

7.6.2-22 Average Percent of Days above Each Green Sturgeon Water Temperature 

Criterion under Baseline, Sacramento River .................................................................. 7.6.2-71 

7.6.2-23 Summary of Potential Effects of Flow Scenarios on Green Sturgeon, Sacramento 

River ................................................................................................................................ 7.6.2-72 

7.6.2-24 Average Percent of Days above the Winter-Run Chinook Salmon Non-Natal 

Juvenile Rearing Water Temperature Criterion under Baseline, American River .......... 7.6.2-74 

7.6.2-25 Summary of Potential Effects of Flow Scenarios on Winter-Run Chinook Salmon, 

American River ............................................................................................................... 7.6.2-74 

7.6.2-26 Average Percent of Days above Each Fall-Run Chinook Salmon Water 

Temperature Criterion under Baseline, American River ................................................ 7.6.2-75 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxi 
September 2023 

 

 

7.6.2-27 Summary of Potential Effects of Flow Scenarios on Fall-Run Chinook Salmon, 

American River ............................................................................................................... 7.6.2-75 

7.6.2-28 Average Percent of Days above Each Central Valley Steelhead Water 

Temperature Criterion under Baseline, American River ................................................ 7.6.2-76 

7.6.2-29 Summary of Potential Effects of Flow Scenarios on Central Valley Steelhead, 

American River ............................................................................................................... 7.6.2-77 

7.6.2-30 Average Percent of Days above the Winter-Run Chinook Salmon Non-Natal 

Juvenile Rearing Water Temperature Criterion under Baseline, Feather River ............. 7.6.2-80 

7.6.2-31 Summary of Potential Effects of Flow Scenarios on Winter-Run Chinook Salmon, 

Feather River .................................................................................................................. 7.6.2-81 

7.6.2-32 Average Percent of Days above Each Spring-Run Chinook Salmon Water 

Temperature Criterion under Baseline, Feather River ................................................... 7.6.2-81 

7.6.2-33 Summary of Potential Effects of Flow Scenarios on Spring-Run Chinook Salmon, 

Feather River .................................................................................................................. 7.6.2-82 

7.6.2-34 Average Percent of Days above Each Fall-Run Chinook Salmon Water 

Temperature Criterion under Baseline, Feather River ................................................... 7.6.2-83 

7.6.2-35 Summary of Potential Effects of Flow Scenarios on Fall-Run Chinook Salmon, 

Feather River .................................................................................................................. 7.6.2-84 

7.6.2-36 Average Percent of Days above Each Central Valley Steelhead Water 

Temperature Criterion under Baseline, Feather River ................................................... 7.6.2-85 

7.6.2-37 Summary of Potential Effects of Flow Scenarios on Central Valley Steelhead, 

Feather River .................................................................................................................. 7.6.2-86 

7.6.2-38 Average Percent of Days above Each Green Sturgeon Water Temperature 

Criterion under the Baseline Flow Scenario, Feather River ........................................... 7.6.2-87 

7.6.2-39 Summary of Potential Effects of Flow Scenarios on Green Sturgeon, Feather 

River ................................................................................................................................ 7.6.2-88 

7.7-1 Paleontological Sensitivity Ratings ...................................................................................... 7.7-2 

7.8-1 Fuel Sources for Electric Power in California in 2021 .......................................................... 7.8-5 

7.8-2 Natural Gas, Hydropower, and Other Renewable Monthly Generation (gigawatt 

hour) .................................................................................................................................. 7.8-15 

7.8-3 Cumulative Distribution of Annual Hydropower Generation: Baseline Condition 

and Change from Baseline Condition (gigawatt hour) ...................................................... 7.8-21 

7.8-4 Cumulative Distribution: Energy for Exports—Baseline Condition and Change 

from Baseline Condition (gigawatt hour) .......................................................................... 7.8-23 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxii 
September 2023 

 

 

7.10-1 Greenhouse Gas Emission Factors for Natural-Gas Facilities (pounds per 

megawatt hour) ............................................................................................................... 7.10-11 

7.10-2 Greenhouse Gas Emissions Associated with Replacement Power due to 

Reductions in Hydropower Generation........................................................................... 7.10-12 

7.10-3 Summary of Potential Energy and Greenhouse Gas Emissions Costs of Other 

Water Management Actions ........................................................................................... 7.10-17 

7.10-4 Range of Possible Greenhouse Gas Emissions from Water Transfers and 

Municipal Water Conservation under the 55 Scenario ................................................... 7.10-17 

7.12.1-1a Designated Beneficial Uses for Waterbodies Identified in the Bay-Delta Water 

Quality Control Plan ....................................................................................................... 7.12.1-4 

7.12.1-1b Designated Beneficial Uses for Waterbodies Identified in the Water Quality 

Control Plan for the San Francisco Bay Basin ................................................................. 7.12.1-6 

7.12.1-1c Designated Beneficial Uses for Waterbodies Identified in the Water Quality 

Control Plan for the Sacramento River and San Joaquin River Basins ........................... 7.12.1-7 

7.12.1-2 Summary of Completed and Ongoing Total Maximum Daily Loads............................... 7.12.1-9 

7.12.1-3 Impaired Waterbodies in the Study Area ..................................................................... 7.12.1-12 

7.12.1-4 Sacramento River and Tributary Reservoirs ................................................................. 7.12.1-47 

7.12.1-5 Delta Eastside Tributaries Reservoirs ........................................................................... 7.12.1-49 

7.12.1-6 River Channel Capacities for the Sacramento River and Major Tributaries ................. 7.12.1-51 

7.12.1-7 Average Flow at Downstream Ends of Cache Creek, Putah Creek, and Yolo 

Bypass during January through March for Baseline and Flow Scenarios (cubic 

feet per second) ........................................................................................................... 7.12.1-61 

7.12.1-8 Patterns of Change in Sacramento River Temperatures Associated with the Flow 

Scenarios (50th and 90th percentiles) as Simulated with HEC-5Q .............................. 7.12.1-67 

7.12.1-9 Patterns of Change in Feather River Temperatures Associated with the Flow 

Scenarios (50th and 90th percentiles) as Simulated with HEC-5Q .............................. 7.12.1-69 

7.12.1-10 Sensitivity Analysis of Feather River Temperatures with Increased Power Bypass 

(50th and 90th percentiles) as Simulated with HEC-5Q ............................................... 7.12.1-71 

7.12.1-11 Patterns of Change in American River Temperatures Associated with the Flow 

Scenarios (50th and 90th percentiles) as Simulated with HEC-5Q .............................. 7.12.1-73 

7.12.1-12 Electrical Conductivity Values (µS/cm) for Emmaton under Baseline and Flow 

Scenarios (90th Percentile Values for Water Years 1976–1991) ................................. 7.12.1-80 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxiii 
September 2023 

 

 

7.12.1-13 DSM2 Electrical Conductivity Values (µS/cm) for Chipps Island near Mallard 

Slough under Baseline and Flow Scenarios (90th Percentile Values for Water 

Years 1976–1991) ......................................................................................................... 7.12.1-80 

7.12.1-14 DSM2 Electrical Conductivity Values (µS/cm) for Collinsville under Baseline and 

Flow Scenarios (90th Percentile Values for Water Years 1976–1991) ......................... 7.12.1-82 

7.12.1-15 DSM2 Electrical Conductivity Values (µS/cm) for Clifton Court Forebay under 

Baseline and Flow Scenarios (90th Percentile Values for Water Years 1976–

1991) ............................................................................................................................. 7.12.1-83 

7.12.1-16 DSM2 Electrical Conductivity Values (µS/cm) for Delta-Mendota Canal Intake 

under Baseline and Flow Scenarios (90th Percentile Values for Water Years 

1976–1991)................................................................................................................... 7.12.1-83 

7.12.1-17 DSM2 Electrical Conductivity Values (µS/cm) for Old River at Tracy Boulevard 

under Baseline and Flow Scenarios (90th Percentile Values for Water Years 

1976–1991)................................................................................................................... 7.12.1-85 

7.12.1-18 Average Travel Time (in days) through Victoria Canal Estimated with DSM2 

Flows—Baseline and Increase under Flow Scenarios Relative to Baseline .................. 7.12.1-88 

7.12.1-19 Number of Months with SacWAM-Modeled Flow in Clear Creek Greater than 

3,250 and 6,000 Cubic Feet per Second (94-Year Simulation Period) ....................... 7.12.1-105 

7.12.1-20 Rivers and Locations Analyzed for Flood Impacts ...................................................... 7.12.1-108 

7.12.1-21 Flow and Storage Changes on Central Valley Rivers during High-Flow Months 

under the 55 Scenario as Simulated by SacWAM ...................................................... 7.12.1-111 

7.12.1-22 Flow Changes on Clear Creek (cubic feet per second) above the Confluence with 

the Sacramento River under the 55 Scenario (October through May) ...................... 7.12.1-115 

7.12.2-1 Adjudicated Groundwater Basins and Subbasins in the Study Area .............................. 7.12.2-5 

7.12.2-2 Medium-Priority and High-Priority Groundwater Subbasins—Sacramento River 

Watershed .................................................................................................................... 7.12.2-18 

7.12.2-3 Medium-Priority and High-Priority Groundwater Subbasins—Delta Eastside 

Tributaries Region ........................................................................................................ 7.12.2-20 

7.12.2-4 Medium-Priority Groundwater Subbasins—Delta Region ........................................... 7.12.2-22 

7.12.2-5 Medium-Priority and High-Priority Groundwater Subbasins—San Francisco Bay 

Area Region .................................................................................................................. 7.12.2-24 

7.12.2-6 Medium-Priority and High-Priority Groundwater Subbasins—San Joaquin Valley ..... 7.12.2-27 

7.12.2-7 Medium-Priority and High-Priority Groundwater Subbasins—Central Coast .............. 7.12.2-33 

7.12.2-8 Medium-Priority and High-Priority Groundwater Subbasins—Southern California .... 7.12.2-36 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxiv 
September 2023 

 

 

7.12.2-9 SWAP Model Results for Increased Agricultural Groundwater Use Compared 

with Baseline Condition, Maximum Replacement Groundwater Pumping—

Sacramento River Watershed (thousand acre-feet) .................................................... 7.12.2-42 

7.12.2-10 SWAP Model Results for Increased Agricultural Groundwater Use Compared 

with Baseline Condition, Maximum Replacement Groundwater Pumping—Delta 

Eastside Tributaries (thousand acre-feet) .................................................................... 7.12.2-43 

7.12.2-11 SacWAM Results for Change in Average Annual Groundwater Recharge from 

Stream-Aquifer Interactions Compared with Baseline Condition, No 

Replacement Groundwater Pumping (thousand acre-feet) ........................................ 7.12.2-44 

7.12.2-12 SacWAM Results for Change in Average Annual Incidental Groundwater 

Recharge from Deep Percolation and Transmission Losses Compared with 

Baseline Condition, No Replacement Groundwater Pumping (thousand acre-

feet) .............................................................................................................................. 7.12.2-44 

7.12.2-13 SacWAM Results for Average Annual Change in Groundwater Compared with 

Baseline Condition, No Replacement Groundwater Pumping—Sacramento River 

Watershed and Delta Eastside Tributaries Regions (thousand acre-feet) ................... 7.12.2-45 

7.12.2-14 SWAP Model Results for Increased Groundwater Use Compared with Baseline 

Condition, Maximum Replacement Groundwater Pumping—San Joaquin Valley 

(thousand acre-feet) ..................................................................................................... 7.12.2-47 

7.15-1 Acoustic Terminology ........................................................................................................ 7.15-2 

7.15-2 Typical A-Weighted Sound Levels ..................................................................................... 7.15-4 

7.15-3 Vibration Source Levels for Construction Equipment ....................................................... 7.15-5 

7.15-4 Guideline Vibration Damage Potential Threshold Criteria ................................................ 7.15-6 

7.15-5 Guideline Vibration Annoyance Potential Criteria ............................................................ 7.15-6 

7.15-6 Approximate Average Day-Night Noise Levels for Various Locations ............................. 7.15-8c 

7.18-1 Wild and Scenic Rivers with Recreation Designation in the Study Area ........................... 7.18-3 

7.20-1 Average Annual Total Water Supply by Geographic Region and Sector (thousand 

acre-feet) ......................................................................................................................... 7.20-10 

7.20-2 Estimated Average Annual Groundwater Supply by Geographic Region and 

Sector, 2005–2015 (thousand acre-feet) ........................................................................ 7.20-10 

7.20-3 Simulated Average Annual Sacramento/Delta Surface Water Supply by 

Geographic Region and Sector (thousand acre-feet) ...................................................... 7.20-11 

7.20-4 Annual Average Surface Water and Groundwater Sources of Municipal Supply 

by region, and Annual Average Sacramento/Delta Supply and Percent of Total 

Supply for Municipal Use (thousand acre-feet per year) ................................................ 7.20-26 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxv 
September 2023 

 

 

7.20-5 Annual Sacramento/Delta Supply to Municipal Uses by Water Year Type 

Average, Baseline and Estimated Change from Baseline for Flow Scenario 

(thousand acre-feet per year) ......................................................................................... 7.20-26 

7.20-6 Change from Baseline Conditions: Annual Average Sacramento/Delta Supply for 

Municipal Use by Region and Scenario (thousand acre-feet per year) ........................... 7.20-27 

7.20-7 Change in Annual Average Sacramento/Delta Supply for Municipal Use by 

Region and Scenario, Percent of Baseline Sacramento/Delta Supply ............................. 7.20-27 

7.20-8 Change in Annual Average Sacramento/Delta Supply to Municipal Users by 

Region and Scenario, Percent of Total Municipal Supply................................................ 7.20-28 

7.20-9 Sacramento/Delta Supply for Municipal Use in the Sacramento River Watershed: 

Change from Baseline (thousand acre-feet per year) ..................................................... 7.20-32 

7.20-10 Sacramento River Watershed Water Service Reliability Assessment for Municipal 

Suppliers That Rely on Sacramento/Delta Supply as a Part of Water Portolio ............... 7.20-33 

7.20-11 Sacramento/Delta Deliveries for Municipal Use in the Delta Eastside Tributaries 

Region: Change from Baseline (thousand acre-feet per year) ........................................ 7.20-34 

7.20-12 Delta Eastside Tributaries Region Water Service Reliability Assessment for 

Municipal Suppliers That Rely on Sacramento/Delta Supply as a Part of Water 

Portolio ............................................................................................................................ 7.20-35 

7.20-13 Sacramento/Delta Supply for Municipal Use in the Delta Region: Change from 

Baseline (thousand acre-feet per year) ........................................................................... 7.20-36 

7.20-14 Delta Region Water Service Reliability Assessment for Municipal Suppliers That 

Rely on Sacramento/Delta Supply as a Part of Water Portolio ....................................... 7.20-36 

7.20-15 Sacramento/Delta Supply for Municipal Use in the San Francisco Bay Area 

Region: Change from Baseline (thousand acre-feet per year) ........................................ 7.20-37 

7.20-16 San Francisco Bay Area Region Water Service Reliability Assessment for 

Municipal Suppliers That Rely on Sacramento/Delta Supply as a Part of Water 

Portolio ............................................................................................................................ 7.20-38 

7.20-17 Sacramento/Delta Supply for Municipal Use in the San Joaquin Valley Region: 

Change from Baseline (thousand acre-feet per year) ..................................................... 7.20-39 

7.20-18 San Joaquin Valley Region Water Service Reliability Assessment for Municipal 

Suppliers That Rely on Sacramento/Delta Supply as a Part of Water Portolio ............... 7.20-40 

7.20-19 Sacramento/Delta Supply for Municipal Use in the Central Coast Region: Change 

from Baseline (thousand acre-feet per year) .................................................................. 7.20-41 

7.20-20 Central Coast Region Water Service Reliability Assessment for Municipal 

Suppliers That Rely on Sacramento/Delta Supply as a Part of Water Portolio ............... 7.20-41 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxvi 
September 2023 

 

 

7.20-21 Sacramento/Delta Supply for Municipal Use in the Southern California Region: 

Change from Baseline (thousand acre-feet per year) ..................................................... 7.20-42 

7.20-22 Southern California Region Water Service Reliability Assessment for Municipal 

Suppliers That Rely on Sacramento/Delta Supply as a Part of Water Portolio ............... 7.20-43 

7.21-1 Impact and Mitigation Measure Summary—Habitat Restoration and Other 

Ecosystem Projects ........................................................................................................ 7.21-153 

7.22-1 Impact and Mitigation Measure Summary—New or Modified Facilities...................... 7.22-151 

7.24-1 Change in Delta Outflow (TAF per year) that Could Occur as a Result of Several 

Proposed Water Infrastructure Projects ........................................................................... 7.24-7 

7.24-2 SacWAM Results for Average Annual Delta Outflow (TAF): Baseline and Change 

from Baseline for Interior Delta Flow and Fall Delta Outflow Related 

Amendments Scenarios ................................................................................................... 7.24-36 

7.24-3 acWAM Results for Average Annual Delta Outflow (TAF): 55 Scenario and 

Change from 55 Scenario for Interior Delta Flow and Fall Delta Outflow Related 

Amendments Scenarios ................................................................................................... 7.24-37 

7.24-4 SacWAM Results for Average Annual South of Delta Exports (TAF): Baseline and 

Change from Baseline for Exclusion of Interior Delta Flow and Fall Delta Outflow 

Related Amendments Scenarios ..................................................................................... 7.24-39 

7.24-5 SacWAM Results for Average Annual South of Delta Exports (TAF): 55 Scenario 

and Change from 55 Scenario for Exclusion of Interior Delta Flow and Fall Delta 

Outflow Related Amendments Scenarios ....................................................................... 7.24-39 

8.2-1 California Gross Domestic Product by Industry Category, 2020 ............................................ 8-3 

8.2-2 Agriculture in the California Economy ................................................................................... 8-3 

8.2-3 Counties Included in the Economic Profile for the Geographic Regions ............................... 8-4 

8.2-4 Population Estimates for the State of California and Geographic Regions of the 

Study Area, 2010–2016 .......................................................................................................... 8-5 

8.2-5 Population Projections for State of California and Geographic Regions of the 

Study Area .............................................................................................................................. 8-6 

8.2-6 Income, Poverty Rates, and Unemployment Rate, 2015 ....................................................... 8-6 

8.2-7 CVP and SWP Average Municipal Water Delivery Costs ($ per acre-foot per 

year), 2018 .............................................................................................................................. 8-7 

8.2-8 Statewide Municipal Water Uses ........................................................................................... 8-7 

8.2-9 Industrial Water Use in California, 2010 (million gallons per day)......................................... 8-9 

8.2-10 Primary Manufacturing Sectors in California, 2015 ............................................................. 8-11 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxvii 
September 2023 

 

 

8.2-11 CVP and SWP Average Agricultural Water Costs ($ per acre-foot per year) ........................ 8-13 

8.2-12 Economic Characteristics of Selected Farming-Dependent Sectors in the 

Sacramento/Delta, 2015 ...................................................................................................... 8-14 

8.2-13 Economic Characteristics of Selected Farming-Dependent Sectors in the San 

Joaquin Valley, 2015 ............................................................................................................. 8-15 

8.2-14 Sacramento/Delta Watershed Employment and Annual Payroll for Selected 

Sectors, 2015 ........................................................................................................................ 8-24 

8.2-15 Employment and Payroll for Selected Manufacturing Sectors in the 

Sacramento/Delta, 2015 ...................................................................................................... 8-24 

8.2-16 San Francisco Bay Area Employment and Annual Payroll for Selected Sectors, 

2015 ...................................................................................................................................... 8-26 

8.2-17 Employment and Payroll for Selected Manufacturing Sectors in the San 

Francisco Bay Area, 2015 ..................................................................................................... 8-27 

8.2-18 San Joaquin Valley Employment and Payroll for Selected Sectors, 2015 ............................ 8-28 

8.2-19 Employment and Payroll for Selected Manufacturing Sectors in the San Joaquin 

Valley, 2015 .......................................................................................................................... 8-28 

8.2-20 Central Coast Employment and Annual Payroll for Selected Sectors, 2015 ........................ 8-29 

8.2-21 Employment and Payroll for Selected Manufacturing Sectors in the Central 

Coast, 2015 ........................................................................................................................... 8-30 

8.2-22 Southern California Employment and Annual Payroll for Selected Sectors, 2015 ............... 8-31 

8.2-23 Employment and Payroll for Selected Manufacturing Sectors in Southern 

California, 2015 .................................................................................................................... 8-32 

8.3-1 Residential Daily Use by DWR Hydrologic Region during August (GPCD), 2013–

2017 ...................................................................................................................................... 8-38 

8.4-1 Total Surface Water Supply for Agriculture in the SWAP Zones of the 

Sacramento River Watershed, Delta Eastside Tributaries, and Delta Regions, 

Average and Dry Water Year Types, SWAP Model Inputs for Baseline and Flow 

Scenarios (thousand acre-feet per year) .............................................................................. 8-43 

8.4-2 Total Surface Water Supply for Agriculture in the SWAP Zones of the San 

Joaquin Valley Region, Average and Dry Water Year Types, SWAP Model Inputs 

for Baseline and Flow Scenarios (thousand acre-feet per year) .......................................... 8-44 

8.4-3 Top-Producing Commodities in the Sacramento/Delta, by Production Revenue, 

2011–2016 average .............................................................................................................. 8-44 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxviii 
September 2023 

 

 

8.4-4 Average Year: Crop Revenue in the Sacramento/Delta, SWAP Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-48 

8.4-5 Average Year: Crop Revenue in the Sacramento/Delta, SWAP Model Analysis, 

Maximum Replacement Groundwater Pumping ($) ............................................................ 8-49 

8.4-6 Dry Year: Crop Revenue in the Sacramento/Delta, SWAP Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-50 

8.4-7 Dry Year: Crop Revenue in the Sacramento/Delta, SWAP Model Analysis, 

Maximum Replacement Groundwater Pumping ($) ............................................................ 8-51 

8.4-8 Top-Producing Commodities in the San Joaquin Valley by Production Revenue, 

2011–2016 average .............................................................................................................. 8-53 

8.4-9 Average Year: Crop Revenue in the San Joaquin Valley, SWAP Model Analysis, 

No Replacement Groundwater Pumping ($) ........................................................................ 8-57 

8.4-10 Average Year: Crop Revenue in the San Joaquin Valley, SWAP Model Analysis, 

Maximum Replacement Groundwater Pumping ($) ............................................................ 8-58 

8.4-11 Dry Year: Crop Revenue in the San Joaquin Valley, SWAP Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-59 

8.4-12 Dry Year: Crop Revenue in the San Joaquin Valley, SWAP Model Analysis, 

Maximum Replacement Groundwater Pumping ($) ............................................................ 8-60 

8.4-13 Top-Producing Commodities in the San Francisco Bay Area, by Production 

Revenue, 2011–2016 average .............................................................................................. 8-62 

8.4-14 Average Year: Crop Revenue in the San Francisco Bay Area, CASRAA Model 

Analysis, No Replacement Groundwater Pumping ($) ......................................................... 8-66 

8.4-15 Dry Year: Crop Revenue in the San Francisco Bay Area, CASRAA Model Analysis, 

No Replacement Groundwater Pumping ($) ........................................................................ 8-67 

8.4-16 Top-Producing Commodities in the Central Coast, by Production Revenue, 2011–

2016 average ........................................................................................................................ 8-68 

8.4-17 Average Year: Crop Revenue in the Central Coast, CASRAA Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-72 

8.4-18 Dry Year: Crop Revenue in the Central Coast, CASRAA Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-73 

8.4-19 Top-Producing Commodities in Southern California, by Production Revenue, 

2011–2016 average .............................................................................................................. 8-74 

8.4-20 Estimated Total Agricultural Water Demand, MWD Member Agencies .............................. 8-75 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xxxix 
September 2023 

 

 

8.4-21 Average Year: Crop Revenue in Southern California, CASRAA Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-77 

8.4-22 Dry Year: Crop Revenue in Southern California, CASRAA Model Analysis, No 

Replacement Groundwater Pumping ($) ............................................................................. 8-78 

8.4-23 Summary of IMPLAN-Estimated Regional Economic Effects in the 

Sacramento/Delta from SWAP-Modeled Changes in Agricultural Production by 

Flow Scenario ....................................................................................................................... 8-84 

8.4-24 IMPLAN-Estimated Economic Effects on the Sacramento/Delta Regional 

Economy Due to SWAP-Modeled Changes in Agricultural Production under the 

55 Scenario ........................................................................................................................... 8-85 

8.4-25 IMPLAN-Estimated Economic Effects on the California Economy from SWAP-

Modeled Changes in Agricultural Production by Flow Scenario .......................................... 8-86 

8.4-26 IMPLAN-Estimated Economic Effects on California Statewide Economy Due to 

SWAP-Modeled Changes in Agricultural Production under the 55 Scenario ....................... 8-87 

8.4-27 Estimated Change in Agriculture Output, Income, and Jobs for Each Flow 

Scenario ................................................................................................................................ 8-88 

8.4-28 Estimated Change in Other Natural Resources and Mining Output, Income, and 

Jobs for Each Flow Scenario ................................................................................................. 8-89 

8.4-29 Estimated Change in Food Processing Output, Income, and Jobs for Each Flow 

Scenario ................................................................................................................................ 8-89 

8.5-1 Lower Bound and Upper Bound Annual Average Supply Needs to Replace 

Reduction in Sacramento/Delta Supplies for Municipal Use (TAF/yr), and Range 

of Estimated Costs for Municipalities to Replace Reduced Supply by Region for 

the 55 Flow Scenario ............................................................................................................ 8-96 

8.5-2 Range of Estimated Costs for Municipalities in Sacramento River Watershed to 

Respond to Reduced Sacramento/Delta Supply and Costs as a Share of Economic 

Output .................................................................................................................................. 8-97 

8.5-3 Range of Estimated Costs for Municipalities in Delta Eastside Tributaries to 

Respond to Reduced Sacramento/Delta Supply and Costs as a Share of Economic 

Output .................................................................................................................................. 8-98 

8.5-4 Range of Estimated Costs for Municipalities in the Delta to Respond to Reduced 

Sacramento/Delta Supply and Costs as a Share of Economic Output ................................. 8-99 

8.5-5 Range of Estimated Costs for Municipalities in the San Francisco Bay Area to 

Respond to Reduced Sacramento/Delta Supply and Costs as a Share of Economic 

Output .................................................................................................................................. 8-99 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xl 
September 2023 

 

 

8.5-6 Range of Estimated Costs for Municipalities in the San Joaquin Valley to 

Respond to Reduced Sacramento/Delta Supply and Costs as a Share of Economic 

Output ................................................................................................................................ 8-100 

8.5-7 Range of Estimated Costs for Municipalities in the Central Coast to Respond to 

Reduced Sacramento/Delta Supply and Costs as a Share of Economic Output ................ 8-100 

8.5-8 Range of Estimated Costs for Municipalities in Southern California to Respond to 

Reduced Sacramento/Delta Supply and Costs as a Share of Economic Output ................ 8-101 

9.3-1 Proposed VA Assets as Modeled ............................................................................................ 9-4 

9.3-2 Summary of VA Tributary Habitat Restoration Commitments by Habitat Type 

and Watershed ....................................................................................................................... 9-9 

9.3-3 New Water Projects (before Year 8) Identified in Appendix I of the VA Term 

Sheet, Thousand Acre-Feet (TAF) ......................................................................................... 9-13 

9.5-1 Change in Shasta Reservoir Average End of Month Storage (TAF and Percent 

Difference) for All Years and Critical Years ........................................................................... 9-21 

9.5-2 Change in January–June Monthly Average Flow of the Sacramento River below 

Keswick by Water Year Type (TAF/yr) .................................................................................. 9-22 

9.5-3 Change in July–December Monthly Average Flow of the Sacramento River below 

Keswick by Water Year Type (TAF/yr) .................................................................................. 9-23 

9.5-4 Change in January–June Monthly Inflow for the Sacramento River by Water Year 

Type (TAF) ............................................................................................................................. 9-24 

9.5-5 Change in July–December Monthly Inflow for the Sacramento River by Water 

Year Type (TAF)..................................................................................................................... 9-24 

9.5-6 Change in January–June Monthly Average Flow for the Sacramento River at 

Freeport by Water Year Type (TAF/yr) ................................................................................. 9-25 

9.5-7 Change in July-December Monthly Average Flow for the Sacramento River at 

Freeport by Water Year Type (TAF/yr) ................................................................................. 9-26 

9.5-8 Change in January–June Monthly Average Flow over the Tisdale Weir by Water 

Year Type (TAF/yr) ................................................................................................................ 9-27 

9.5-9 Change in July–December Monthly Average Flow over the Tisdale Weir by Water 

Year Type (TAF/yr) ................................................................................................................ 9-27 

9.5-10 Change in January–June Monthly Average Flow at Sacramento Slough by Water 

Year Type (TAF/yr) ................................................................................................................ 9-28 

9.5-11 Change in July–December Monthly Average Flow at Sacramento Slough by 

Water Year Type (TAF/yr) ..................................................................................................... 9-28 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xli 
September 2023 

 

 

9.5-12 Change in Oroville Reservoir Average End of Month Storage (TAF and Percent 

Difference) for All Years and Critical Years ........................................................................... 9-29 

9.5-13 Change in January–June Monthly Average Flow for the Feather River in the High 

Flow Channel by Water Year Type (TAF/yr) ......................................................................... 9-30 

9.5-14 Change in July–December Monthly Average Flow for the Feather River in the 

High Flow Channel by Water Year Type (TAF/yr) ................................................................. 9-31 

9.5-15 Change in January–June Monthly Average Flow for the Feather River above the 

Sacramento River by Water Year Type (TAF/yr) .................................................................. 9-31 

9.5-16 Change in July–December Monthly Average Flow for the Feather River above 

the Sacramento River by Water Year Type (TAF/yr) ............................................................ 9-32 

9.5-17 Change in New Bullards Bar Reservoir Average End of Month Storage (TAF and 

Percent Difference) for All Years and Critical Years ............................................................. 9-33 

9.5-18 Change in January–June Monthly Average Flow for the Yuba River above the 

Feather River by Water Year Type (TAF/yr) ......................................................................... 9-34 

9.5-19 Change in July–December Monthly Average Flow for the Yuba River above the 

Feather River by Water Year Type (TAF/yr) ......................................................................... 9-34 

9.5-20 Change in Folsom Reservoir End of April and End of September Carryover 

Storage (TAF and Percent Difference) for All Years and Critical Years ................................. 9-35 

9.5-21 Change in January–June Monthly Average Flow for the American River above 

the Sacramento River by Water Year Type (TAF/yr) ............................................................ 9-36 

9.5-22 Change in July–December Monthly Average Flow for the American River above 

the Sacramento River by Water Year Type (TAF/yr) ............................................................ 9-36 

9.5-23 Change in Camanche Reservoir End of April and End of September Carryover 

Storage (TAF and Percent Difference) for All Years and Critical Years ................................. 9-37 

9.5-24 Change in January–June Monthly Average Flow for the Mokelumne River above 

the Confluence with the Cosumnes River by Water Year Type (TAF/yr) ............................. 9-38 

9.5-25 Change in July–December Monthly Average Flow for the Mokelumne River 

above the Confluence with the Cosumnes River by Water Year Type (TAF/yr) .................. 9-39 

9.5-26 Change in Lake Berryessa End of April and End of September Carryover Storage 

(TAF and Percent Difference) for All Years and Critical Years .............................................. 9-40 

9.5-27 Change in January–June Monthly Average Flow for Putah Creek above the Yolo 

Bypass by Water Year Type (TAF/yr) .................................................................................... 9-41 

9.5-28 Change in July–December Monthly Average Flow for Putah Creek above the Yolo 

Bypass by Water Year Type (TAF/yr) .................................................................................... 9-41 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xlii 
September 2023 

 

 

9.5-29 Change in January–June Average Delta Inflow by Water Year Type (TAF/yr) for 

VA Scenarios Compared with Baseline ................................................................................. 9-43 

9.5-30 Change in January–June Average Delta Inflow by Water Year Type (TAF/yr) for 

VA Scenarios Compared with the 2008–2009 BiOps Condition ........................................... 9-44 

9.5-31 Change in July–December Average Delta Inflow by Water Year Type (TAF/yr) for 

VA Scenarios Compared with Baseline ................................................................................. 9-44 

9.5-32 Change in July–December Average Delta Inflow by Water Year Type (TAF/yr) for 

VA Scenarios Compared with the 2008-2009 BiOps Condition ........................................... 9-44 

9.5-33 Change in January–June Average South of Delta Exports by Water Year Type 

(TAF/yr) for the VA Scenarios Compared to Baseline. ......................................................... 9-47 

9.5-34 Change in January–June Average South of Delta Exports by Water Year Type 

(TAF/yr) for the VA Scenarios Compared to the 2008–2009 BiOps Condition .................... 9-48 

9.5-35 Change in July–December Average South of Delta Exports by Water Year Type 

(TAF/yr) for the VA Scenarios Compared to Baseline .......................................................... 9-48 

9.5-36 Change in July–December Average South of Delta Exports by Water Year Type 

(TAF/yr) for the VA Scenarios Compared to the 2008–2009 BiOps Condition .................... 9-48 

9.5-37 Annual South of Delta Exports (TAF/yr) for VA Scenarios by Water Year Type 

Compared with Baseline. ..................................................................................................... 9-49 

9.5-38 Annual South of Delta Exports (TAF/yr) for VA Scenarios by Water Year Type 

Compared with the 2008–2009 BiOps Condition ................................................................. 9-49 

9.5-39 Exceedance Frequency of Old and Middle River Net Flow (cfs) for December–

June under Baseline, 2008–2009 BiOps Condition, VA, and VA High Export Cuts 

Scenarios .............................................................................................................................. 9-51 

9.5-40 Change in January–June Monthly Total Delta Outflow by Water Year Type 

(TAF/yr) for VA Scenarios Compared to Baseline ................................................................. 9-54 

9.5-41 Change in January–June Monthly Total Delta Outflow by Water Year Type 

(TAF/yr) for the VA Scenarios Compared to the 2008–2009 BiOps Condition .................... 9-55 

9.5-42 Change in July–December Monthly Total Delta Outflow by Water Year Type 

(TAF/yr) for the VA Scenarios Compared to Baseline .......................................................... 9-55 

9.5-43 Change in July–December Monthly Total Delta Outflow by Water Year Type 

(TAF/yr) for VA Scenarios Compared to the 2008–2009 BiOps Condition ........................... 9-55 

9.5-44 Change in January–June Monthly Total Delta Outflow by Water Year Type 

(TAF/yr) for VA w/Bias Correction and LSJR Placeholder and VA w/Bias 

Correction and 40% UF Merced and Stanislaus Scenarios Compared to the 2008–

2009 BiOps Condition ........................................................................................................... 9-56 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xliii 
September 2023 

 

 

9.5-45 Annual Total Sacramento/Delta Supply under Baseline and Proposed VAs 

(TAF/yr) ................................................................................................................................. 9-60 

9.5-46 Annual Total Sacramento/Delta Supply to the Sacramento/Delta Watershed 

under Baseline and Proposed VAs (TAF/yr) ......................................................................... 9-61 

9.5-47 Annual Sacramento/Delta Supply to Agriculture in the Sacramento/Delta 

Watershed under Baseline and Proposed VAs (TAF/yr) ....................................................... 9-63 

9.5-48 Annual Average Sacramento/Delta Supply to Municipal and Industrial Uses in 

the Sacramento/Delta Watershed under Baseline and Proposed VAs (TAF/yr) .................. 9-63 

9.5-49 Annual Sacramento/Delta Supply to Wildlife Refuges in the Sacramento/Delta 

Watershed under Baseline and Proposed VAs (TAF/yr) ....................................................... 9-64 

9.5-50 Annual Sacramento/Delta Supply to the San Joaquin Valley Region (TAF/yr) ..................... 9-66 

9.5-51 Annual Sacramento/Delta Supply to Agriculture in the San Joaquin Valley Region 

(TAF/yr) ................................................................................................................................. 9-67 

9.5-52 Annual Sacramento/Delta Supply to Municipal and Industrial Uses in the San 

Joaquin Valley Region (TAF/yr)............................................................................................. 9-68 

9.5-53 Change in Annual Sacramento/Delta Supply to San Francisco Bay Area, Central 

Coast and Southern California Regions (TAF/y) ................................................................... 9-70 

9.5-54 Annual Sacramento/Delta Supply to Agriculture in the San Francisco Bay Area, 

Central Coast, and Southern California Regions (TAF/yr) .................................................... 9-71 

9.5-55 Annual Sacramento/Delta Supply to Municipal and Industrial uses in the San 

Francisco Bay Area, Central Coast, and Southern California Regions (TAF/yr) .................... 9-72 

9.6-1 Spawning Habitat Results Compared to the VA Term Sheet Commitments and 

the Habitat Required to Support 25 Percent of the Doubling Goal ..................................... 9-75 

9.6-2 Rearing Habitat (Combined In-Channel and Floodplain) Results Compared to the 

VA Term Sheet Commitments and the Habitat Required to Support 25 Percent 

of the Doubling Goal ............................................................................................................ 9-77 

9.6-3 Projected Increases in Habitat Area for Delta Smelt, Longfin Smelt, and 

Salmonids within Relevant Seasons for Each Species .......................................................... 9-79 

9.7-1 SWAP Model Results for Irrigated Crop Acreage in the Sacramento/Delta 

Watershed, Average Year (acres)a ....................................................................................... 9-90 

9.7-2 SWAP Model Results for Irrigated Crop Acreage, Proposed VAs in the 

Sacramento/Delta Watershed, Dry Year (acres)a ................................................................ 9-90 

9.7-3 SWAP Model Results for Irrigated Crop Acreage in the San Joaquin Valley 

Region, Average Year (acres)a .............................................................................................. 9-92 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xliv 
September 2023 

 

 

9.7-4 SWAP Model Results for Irrigated Crop Acreage in the San Joaquin Valley 

Region, Dry Year (acres)a ..................................................................................................... 9-92 

9.7-5 Giant Gartersnake Habitat Acreage under the Proposed VAs in the 

Sacramento/Delta and San Joaquin Valley Regions ........................................................... 9-102 

9.7-6 Swainson’s Hawk Habitat Acreage under the Proposed VAs in the 

Sacramento/Delta and San Joaquin Valley Regions ........................................................... 9-102 

9.7-7 Greater Sandhill Crane Habitat Acreage under the Proposed VA in the 

Sacramento/Delta and San Joaquin Valley Regions ........................................................... 9-103 

9.7-8 Tricolored Blackbird Habitat Acreage Under the Proposed VAs in the 

Sacramento/Delta and San Joaquin Valley Regions ........................................................... 9-104 

9.7-9 Average Monthly Hydropower Generation by Water Year Type—Baseline and 

Change from Baseline Expanded to Account for Flow Assets not Simulated by 

SacWAM ............................................................................................................................. 9-124 

9.7-10 Greenhouse Gas Emission Factors for Natural Gas Facilities (pounds per 

megawatt hour) .................................................................................................................. 9-132 

9.7-11 Reduction in Greenhouse Gas Emissions Associated with Increased Hydropower 

Generation .......................................................................................................................... 9-132 

9.7-12 Changes in High Flows on Voluntary Agreement Tributaries during High Flow 

Months under the Proposed Voluntary Agreements ......................................................... 9-149 

9.7-13 Impact and Mitigation Measure Summary—Proposed Voluntary Agreements 1 ............. 9-171 

9.8-1 Average Year: Crop Revenue in the Sacramento/Delta, SWAP Model Analysis 

(dollars)a ............................................................................................................................. 9-192 

9.8-2 Dry Year: Crop Revenue in the Sacramento/Delta, SWAP Model Analysis 

(dollars)a ............................................................................................................................. 9-192 

9.8-3 Average Year: Crop Revenue in the San Joaquin Valley, SWAP Model Analysis 

(dollars)a ............................................................................................................................. 9-193 

9.8-4 Dry Year: Crop Revenue in the San Joaquin Valley, SWAP Model Analysis 

(dollars)a ............................................................................................................................. 9-194 

9.8-5 Estimated Economic Effects of the Proposed VAs Compared with Baseline: 

Modeled Changes in Agricultural Production and Compensated Water Purchases 

in the Sacramento/Deltaa .................................................................................................. 9-196 

9.8-6 Estimated Economic Effects of the Proposed VAs Compared with Baseline: 

Modeled Changes in Agricultural Production and Compensated Water Purchases 

California Statewide a ........................................................................................................ 9-197 

9.8-7 Costs to Implement the Proposed VAs: Costs in Planning Agreement ($ millions) ........... 9-198 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xlv 
September 2023 

 

 

9.8-8 Additional Costs to Achieve VAs as Described in VA Term Sheet ($ millions) ................... 9-198 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xlvi 
September 2023 

 

 

Figures 

Figure Page 

1-1a Sacramento/Delta Tributaries ................................................................................ following 1-4 

1-1b Plan Area .............................................................................................................. following 1-14 

1-1c Study Area Geographic Regions ........................................................................... following 1-14 

2.1-2 Quartile Distributions of the California Department of Water Resources 

Estimates of Historical, Natural, and Unimpaired Delta Inflow ............................................. 2-3 

2.1-3 Quartile Distributions of the California Department of Water Resources 

Estimates of Historical, Natural, and Unimpaired Delta Outflow .......................................... 2-3 

2.1-4 Major Sacramento/Delta Tributaries and Watersheds .......................................................... 2-6 

2.1-5 Elevation Map of Northern California .................................................................................... 2-7 

2.1-6 Annual Precipitation in Northern California ........................................................................... 2-8 

2.1-7 Water Year Type Snow Water Equivalents ............................................................................ 2-9 

2.1-8 Generalized Geologic Map of the Valley Floor ..................................................................... 2-11 

2.1-9 C2VSim Model Groundwater Subregions ............................................................................. 2-12 

2.1-10 Simulated Impaired Flows as a Percentage of Unimpaired Flows Ranked by 

Water Year Index for the Sacramento River, Its Major Tributaries, and Delta 

Eastside Tributaries for January–June .................................................................................. 2-18 

2.2-1 Quartile Distributions of U.S. Bureau of Reclamation Estimates of Historical and 

Unimpaired Shasta Reservoir Inflow .................................................................................... 2-19 

2.2-2 Annual Total Observed Imports from the Trinity River to the Sacramento 

Watershed via the Clear Creek Tunnel for Water Years 1986 through 2021 ...................... 2-20 

2.2-3 Sacramento River below Keswick Reservoir Simulated Current Conditions (gray) 

and Unimpaired (white) Monthly Flows .............................................................................. 2-21 

2.2-4 Daily Hydrograph of the Sacramento River below Keswick Reservoir for Water 

Year 2011 with Unimpaired Flow and Observed Flow ......................................................... 2-23 

2.2-5 Daily Hydrograph of the Sacramento River below Keswick Reservoir for Water 

Year 2007 with Unimpaired Flow and Observed Flow ......................................................... 2-24 

2.2-6 Sacramento River at Freeport Simulated Current Conditions (gray) and 

Unimpaired (white) Monthly Flows ..................................................................................... 2-25 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xlvii 
September 2023 

 

 

2.2-7 Battle Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-28 

2.2-8 Cow Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-30 

2.2-9 Cow Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-30 

2.2-10 Antelope Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-33 

2.2-11 Deer Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-36 

2.2-12 Mill Creek Simulated Current Conditions (gray) and Unimpaired (white) Monthly 

Flows ..................................................................................................................................... 2-39 

2.2-13 Clear Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-42 

2.2-15 Feather River above Confluence with the Yuba River Simulated Current 

Conditions (gray) and Unimpaired (white) Monthly Flows .................................................. 2-49 

2.2-16 Feather River at Confluence with the Sacramento River Simulated Current 

Conditions (gray) and Unimpaired (white) Monthly Flows .................................................. 2-51 

2.2-17 Yuba River Simulated Current Conditions (gray) and Unimpaired (white) Monthly 

Flows ..................................................................................................................................... 2-55 

2.2-18 Bear River Simulated Current Conditions (gray) and Unimpaired (white) Monthly 

Flows ..................................................................................................................................... 2-57 

2.2-19 American River Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-60 

2.2-20 Mokelumne River Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-63 

2.2-21 Cosumnes River Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-66 

2.2-22 Calaveras River Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-69 

2.2-23 Stony Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-71 

2.2-24 Cottonwood Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-73 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xlviii 
September 2023 

 

 

2.2-25 Thomes Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-75 

2.2-26 Cache Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-78 

2.2-27 Putah Creek Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-81 

2.3-1 Flood Control Facilities in the Sacramento River, Sutter and Yolo Bypasses, and 

Major Tributaries in the Sacramento River Basin ................................................................ 2-84 

2.3-2 Sutter Bypass Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-87 

2.3-3 Yolo Bypass Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-91 

2.4-1 Generalized Delta Map ......................................................................................................... 2-94 

2.4-2 Delta Inflow Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows ...................................................................................................................... 2-96 

2.4-3 Flow Direction in the South Delta showing the natural east-to-west flow pattern 

in the pane on the left and a typical summer flow pattern under current 

conditions on the right ......................................................................................................... 2-99 

2.4-4 Total Seasonal SWP and CVP South Delta Exports by Decade ........................................... 2-102 

2.4-5 Cumulative Probability of OMR Flows ................................................................................ 2-103 

2.4-6 Delta Tidal Flows over a 25-Hour Cycle in Summer Conditions (values in cubic 

feet per second) ................................................................................................................. 2-105 

2.4-7 Seasonal Net Delta Outflow Index by Decade .................................................................... 2-107 

2.4-8 Delta Outflow Simulated Current Conditions (gray) and Unimpaired (white) 

Monthly Flows .................................................................................................................... 2-107 

2.4-9 Time Series of X2 (thin line, left axis, scale reversed) and Outflow (heavy line, 

right axis, log scale), Annual Averages for January to June ................................................ 2-110 

2.4-10 Cumulative Probability of Daily X2 Locations ..................................................................... 2-111 

2.4-11 Exceedance Frequency Distribution of Daily X2 Positions ................................................. 2-112 

2.4-12 Time Series of Fall X2 since 1967 ....................................................................................... 2-113 

2.4-13 Dayflow Flow-Based Estimation of X2 and California Data Exchange Center 

Water-Quality Based X2 Values .......................................................................................... 2-113 

2.8-1a Plan Area and Study Area Geographic Regions .................................................................. 2-124 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

xlix 
September 2023 

 

 

2.8-1b Study Area Geographic Regions and DWR Hydrologic Regions ......................................... 2-124 

2.8-2 Population Centers in the Study Area ................................................................................ 2-124 

2.8-3a Conveyances and Facilities (northern) ............................................................................... 2-124 

2.8-3b Conveyances and Facilities (San Francisco Bay Area) ........................................................ 2-124 

2.8-3c Conveyances and Facilities (southern) ............................................................................... 2-124 

3.4-1 California Commercial and Recreational Chinook Salmon Ocean Catch, 1975–

2014 with 40-Year Mean (gray line) ..................................................................................... 3-15 

3.4-2 Annual Winter-Run Chinook Salmon Escapement from the Sacramento River 

Basin from 1975 to 2014 and the 40-Year Mean Population Size (gray line) ...................... 3-24 

3.4-3 Estimated Yearly Adult Natural Production and In-River Adult Escapement of 

Winter-Run Chinook Salmon in Central Valley Rivers and Streams ..................................... 3-24 

3.4-4 Annual Spring-Run Chinook Salmon Escapement to Sacramento River Tributaries 

from 1975 to 2014 and the 40-Year Mean (gray line) .......................................................... 3-26 

3.4-5 Estimated Yearly Adult Natural Production and In-River Adult Escapement of 

Spring-Run Chinook Salmon in the Central Valley Rivers and Streams ................................ 3-26 

3.4-6 Estimated Yearly Adult Natural Production and In-River Adult Escapement of 

Late-Fall-Run Chinook Salmon in Central Valley Rivers and Streams................................... 3-28 

3.4-7 Annual Late-Fall-Run Chinook Salmon Escapement to the Sacramento River 

Watershed from 1975 to 2014 and 40-Year Mean (gray line) ............................................. 3-28 

3.4-8 San Joaquin River Basin Smolt Emigration Pattern (1988–2004) ......................................... 3-30 

3.4-9 Annual Fall-Run Chinook Salmon Escapement to the Sacramento River 

Watershed from 1975 to 2014 and 40-Year Mean (gray line) ............................................. 3-31 

3.4-10 Estimated Yearly Adult Natural Production and In-River Adult Escapement of 

Fall-Run Chinook Salmon in the Mainstem Sacramento River ............................................. 3-31 

3.4-11 Estimated Yearly Natural Production and Instream Escapement of San Joaquin 

Adult Fall-Run Chinook Salmon ............................................................................................ 3-32 

3.4-12 Mean Catch of Unmarked Chinook Salmon Smolt per Cubic Meter (x 1,000) in 

the Midwater Trawl at Chipps Island between April and June versus Mean Daily 

Sacramento River Flow (cfs) at Rio Vista between April and June from (a) 1978 

through 1997 and (b) 1976 through 2015 ............................................................................ 3-44 

3.4-13 Relationship between the Mean Proportion of Flow Diverted into the Interior 

Delta in January and the Proportion of Juvenile Winter-Run Lost at the CVP and 

SWP Pumping Facilities October 1 through May 31, 1996–2006 ........................................ 3-46 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

l 
September 2023 

 

 

3.4-14 Relationship between the Mean Proportion of Flow Diverted into the Interior 

Delta in December and the Proportion of Juvenile Winter-Run Chinook Salmon 

Lost at the CVP and SWP Pumping Facilities October 1 through May 31, 1995–

2006 ...................................................................................................................................... 3-46 

3.4-15 Relationship between Old and Middle Rivers Reverse Flows and Entrainment at 

the Federal Pumping Facility, 1995–2007 ............................................................................ 3-51 

3.4-16 Relationship between Old and Middle Rivers Reverse Flows and Entrainment at 

the State Pumping Facility, 1995–2007 ................................................................................ 3-51 

3.4-17 Temperature Corrected (to 61˚F) Survival Indices for Coded Wire-Tagged Salmon 

Smolt Released at Jersey Point and Recovered at Chipps Island between 1989 

and 1991 ............................................................................................................................... 3-52 

3.5-1 Interannual Trend in the Fall Midwater Trawl Index for Longfin Smelt, 1967–

2016 ...................................................................................................................................... 3-55 

3.5-2 Fall Midwater Trawl Index Values for Longfin Smelt Regressed against January 

through June Average Daily Delta Outflow for 1967–2016 with Step Changes 

following 1987 and 2002 ...................................................................................................... 3-57 

3.5-3 Probability of Positive Longfin Smelt Population Growth and 95-Percent 

Confidence Limits as a Function of January–June Average Daily Delta Outflow, 

1967–2016 ............................................................................................................................ 3-58 

3.5-4 Total Salvage of Longfin Smelt between December and March as a Function of 

Average Old and Middle River Flows during the Same Period for Water Years 

1982–1992 (squares) and 1993–2007 (diamonds)............................................................... 3-59 

3.5-5 (A) Relationship between Average OMR Reverse Flows in April to June and the 

Sum of SWP and CVP Juvenile (age-0) Longfin Smelt Salvage during the Same 

Time Period, 1993–2007; (B) Same Regression as (A) excluding 1998 ................................ 3-60 

3.5-6 (A) Relationship between the Average Location of X2 between January and May 

and the Sum of Juvenile (age-0) Longfin Smelt Salvage between March and July 

at the SWP and CVP; (B) Relationship between the Average Location of X2 in 

April and June and the Sum of Juvenile (age-0) Longfin Smelt Salvage for April to 

June at the SWP and CVP ..................................................................................................... 3-61 

3.6-1 White Sturgeon Year Class Indices for San Francisco Bay, 1980–2015 ................................ 3-66 

3.6-2 White Sturgeon Year Class Index from San Francisco Bay Study Otter Trawl Catch 

versus Mean Daily Delta Outflow from November through February ................................. 3-67 

3.6-3 White Sturgeon Year Class Index from San Francisco Bay Study Otter Trawl 

Catches versus Mean Daily Delta Outflow for March through July ..................................... 3-67 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

li 
September 2023 

 

 

3.7-1 Sacramento Splittail Population Recruitment as Measured in the Fall Midwater 

Trawl Survey, 1967–2016 ..................................................................................................... 3-70 

3.7-2 Correlation between the Sacramento Splittail Fall Midwater Trawl Index (1967–

2016) and Average Daily Outflow (cfs) between February and May ................................... 3-71 

3.7-3 Cumulative Frequency Distribution of Average Daily Outflow between February 

and May, 1967–1983 ............................................................................................................ 3-71 

3.8-1 Interannual Trend in the Fall Midwater Trawl Index for Delta Smelt, 1967–2016 .............. 3-75 

3.8-2 Adult (panel a, SKT) and Sub-Adult (panel b, FMWT from previous year) to Larval 

(20-mm Survey) Recruitment Indices as a Function of Spring X2 (February–June) ............. 3-77 

3.8-3 Delta Smelt Survival in Fall as a Function of Monthly Mean Delta Outflow (cubic 

feet per second), for July (top left), August (top right) and September (bottom) ............... 3-78 

3.8-4 Plot of the Delta Smelt 20-mm Survey Abundance Index as a Function of the 

Location of the Previous Year’s Fall X2 ................................................................................. 3-80 

3.8-5 Cumulative Proportional Adult Delta Smelt Salvage by Week, 1993–2006 ......................... 3-81 

3.8-6 Eight-Day Running Averages of Adult Delta Smelt Salvage, Total Outflow (m3/s), 

Turbidity for the Eight Most Abundant Delta Smelt Salvage Years between 

December 1992 and April 2005 at the SWP and CVP .......................................................... 3-82 

3.8-7 Salvage of Adult Delta Smelt as a Function of Old and Middle Rivers Reverse 

Flows for December through March .................................................................................... 3-83 

3.9-1 Population Abundance of Age-1 Starry Flounder as Measured in the San 

Francisco Bay Study, 1980–2014 .......................................................................................... 3-85 

3.9-2 Correlation between the Starry Flounder Bay Study Otter Trawl Age-1 Index 

(1980–2015) and Average Daily Outflow (cfs) between March and June ........................... 3-86 

3.9-3 Cumulative Frequency Distribution of Monthly Average Daily Delta Outflow for 

March through June, 1994–2013 ......................................................................................... 3-87 

3.10-1 Index of Juvenile Crangon franciscorum Abundance as Measured in the 

San Francisco Bay Otter Trawl Survey, 1980–2015 .............................................................. 3-89 

3.10-2 Relationship between Juvenile California Bay Shrimp Abundance, as Measured 

by the San Francisco Bay Otter Trawl Survey (1980–2013), and Average Daily 

Outflow (cfs) between March and May of the Same Year ................................................... 3-90 

3.10-3 Cumulative Frequency Distribution of Average Daily Outflow for March–May, 

1980–2013 ............................................................................................................................ 3-91 

3.10-4 Probability of Juvenile California Bay Shrimp Population Growth as a Function of 

Delta Outflow from a Logistic Regression Analysis (P<0.01) ................................................ 3-92 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lii 
September 2023 

 

 

3.11-1 Mean Abundance (CPUE) in the Entrapment Zone as a Function of Delta Outflow 

(cfs) for E. affinis Adults and Eurytemora spp. Juveniles from March through 

June, 1994–2015 .................................................................................................................. 3-95 

3.11-2 Mean Suisun Bay Abundance (CPUE) as a Function of Delta Outflow (cfs) for 

Adult P. forbesi and Juvenile Pseudodiaptomus spp. from June to September, 

1989–2015 ............................................................................................................................ 3-96 

3.14-1 Comparison of the Change in Magnitude of Fall Midwater Trawl Indices for Delta 

Smelt, Longfin Smelt, and Sacramento Splittail in Wet and Dry Water Years ................... 3-110 

3.14-2 Frequency of Meeting April–June Sacramento River at Rio Vista Flows of 20,000 

cfs for Current Conditions .................................................................................................. 3-113 

3.14-3 Frequency of Meeting February–April Sacramento River at Rio Vista Flows of 

20,000 cfs for Current Conditions ...................................................................................... 3-113 

3.14-4 Exceedance Frequency of Monthly Flow at Freeport on the Sacramento River for 

November–May under Current Conditions ........................................................................ 3-114 

3.14-5 Seasonal Comparisons of Minimum Required Delta Outflow (orange line), 

SacWAM Modeled Delta Outflow (black line), and Observed Delta Outflow. 

Observed Delta outflow is divided into four historical periods: prior to the 

completion of Shasta Reservoir (1930-1945, purple line), prior to the completion 

of Oroville Reservoir (1946-1967, cyan line), prior to the adoption of D-1641 

(1968-1999, green line), and following the adoption of D-1641 (2000-2016, red 

line) (Dayflow data, DWR 2017a). ...................................................................................... 3-116 

3.14-6 Frequency of Meeting January–June Delta Outflows to Benefit Estuarine Low 

Salinity Zone Habitat and Longfin Smelt for Minimum Required Delta Outflow ............... 3-118 

3.14-7 Frequency of Meeting March–May Delta Outflows to Benefit California Bay 

Shrimp for Minimum Required Delta Outflow ................................................................... 3-119 

3.14-8 Frequency of Meeting March–June Delta Outflows to Benefit Starry Flounder for 

Minimum Required Delta Outflow ..................................................................................... 3-119 

3.14-9 Frequency of Meeting February–May Delta Outflows to Benefit Sacramento 

Splittail for Minimum Required Delta Outflow .................................................................. 3-120 

3.14-10 Frequency of Meeting March–July Delta Outflows to Benefit White and Green 

Sturgeon for Minimum Required Delta Outflow ................................................................ 3-120 

3.14-11 Frequency of Meeting Old and Middle River Reverse Flow Thresholds to Protect 

Salmonids and Estuarine-Dependent Fish Species during December through 

June under Range of Flow Scenarios .................................................................................. 3-124 

3.14-12 Frequency of Meeting Positive Flows on the San Joaquin River at Jersey Point 

during November through June under Range of Flow Scenarios ...................................... 3-125 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

liii 
September 2023 

 

 

3.14-13 Median (across All Years Modeled) Spawning Habitat (acres) .......................................... 3-127 

3.14-14 Median (across All Years Modeled) Rearing Habitat (acres) for Each Watershed, 

Including Both Floodplain and Instream Rearing Habitat .................................................. 3-129 

3.15-1 Trends over Time in Indices of Abundance for Native Fish and Invertebrate 

Species from the San Francisco Estuary ............................................................................. 3-136 

4.2-1 Comparison of Historical and Modern Delta Waterways, Tidal Wetland, and 

Upland Areas .......................................................................................................................... 4-5 

4.3-1 Least Squares Regressions with 95 Percent Confidence Intervals for Fall 

Midwater Trawl Species Abundance as a Function of Annual Pyrethroid Pesticide 

Use in Six Delta Counties (1978–2014) ................................................................................ 4-11 

4.4-1 Clam Abundance and Chlorophyll Concentrations in the Low-Salinity Zone 

before and after the Invasion of the Clam Potamocorbula in 1987 (vertical 

dashed line) .......................................................................................................................... 4-24 

4.6-1 Declining Trend in April–July Contribution to Total Water Year Runoff in the 

Sacramento River System, 1907–2010 ................................................................................. 4-36 

5-1 Locations of Active Observed and Unimpaired Flow Stations Available on CDEC 

(California Data Exchange Center), within the Sacramento and San Joaquin 

Rivers Hydrologic Regions .................................................................................................... 5-54 

6.1-1 Generic Boxplot Example ....................................................................................................... 6-3 

6.1-2 Generic Exceedance Curve Example ...................................................................................... 6-4 

6.3-1 Changes in Hydrology across the Scenarios for the American River above the 

Sacramento River ................................................................................................................. 6-11 

6.3-2 Changes in Hydrology across the Scenarios for the Feather River above the 

Sacramento River ................................................................................................................. 6-12 

6.3-3 Changes in Hydrology across the Scenarios for the Sacramento River below 

Keswick Reservoir ................................................................................................................. 6-13 

6.3-4 Changes in Hydrology across the Scenarios for the Sacramento River at Freeport............. 6-13 

6.3-5 Changes in Hydrology across the Scenarios for the North Fork Yuba River above 

New Bullards Bar Reservoir .................................................................................................. 6-14 

6.3-6 Changes in Hydrology across the Scenarios for the South Fork Yuba River above 

Englebright Reservoir ........................................................................................................... 6-15 

6.3-7 Changes in Hydrology across the Scenarios for the Yuba River above the Feather 

River ...................................................................................................................................... 6-16 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

liv 
September 2023 

 

 

6.3-8 Changes in Hydrology across the Scenarios for the Bear River above the Feather 

River ...................................................................................................................................... 6-17 

6.3-9 Changes in Hydrology across the Scenarios for the Mokelumne River above the 

Confluence with the Cosumnes River .................................................................................. 6-18 

6.3-10 Changes in Hydrology across the Scenarios for the Calaveras River Inflow to the 

Delta ..................................................................................................................................... 6-19 

6.3-11 Changes in Hydrology across the Scenarios for Putah Creek above the Yolo 

Bypass ................................................................................................................................... 6-20 

6.3-12 Changes in Hydrology across the Scenarios for Cache Creek above the Yolo 

Bypass ................................................................................................................................... 6-21 

6.3-13 Changes in Hydrology across the Scenarios for the Cosumnes River .................................. 6-22 

6.3-14 Changes in Hydrology across the Scenarios for Mill Creek .................................................. 6-23 

6.3-15 Changes in Hydrology across the Scenarios for Antelope Creek .......................................... 6-23 

6.3-16 Changes in Hydrology across the Scenarios on Butte Creek near Chico .............................. 6-24 

6.3-17 Changes in Hydrology across the Scenarios for Butte Creek near Butte Slough.................. 6-25 

6.3-18 Changes in Hydrology across the Scenarios for Yolo Bypass below Putah Creek 

Inflow .................................................................................................................................... 6-26 

6.3-19 Changes in Delta Inflow across the Scenarios ...................................................................... 6-27 

6.3-20 Changes in Delta Outflow across the Scenarios ................................................................... 6-28 

6.3-21 Exceedance of Spring Average X2 Position .......................................................................... 6-29 

6.3-22 Monthly Exceedance Frequency Distribution of Old and Middle River Net Flow 

for December through June (cubic feet per second) Changes in Interbasin 

Diversions ............................................................................................................................. 6-30 

6.3-23 Example of an Interbasin Diversion (Yuba-Bear Project) ..................................................... 6-31 

6.3-24 Exceedance Frequency Distribution of Annual Drum Canal Total Inflow 

(thousand acre-feet) ............................................................................................................. 6-33 

6.3-25 Reservoirs in the Sacramento/Delta .................................................................................... 6-38 

6.3-26 Clear Lake Reservoir End-of-April and End-of-September Carryover Storage ..................... 6-43 

6.3-27 Oroville Reservoir End-of-April and End-of-September Carryover Storage ......................... 6-44 

6.3-28 Shasta Reservoir End-of-April and End-of-September Carryover Storage ........................... 6-45 

6.3-29 Camp Far West Reservoir End-of-April and End-of-September Carryover Storage ............. 6-46 

6.3-30 Black Butte Reservoir End-of-April and End-of-September Carryover Storage ................... 6-46 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lv 
September 2023 

 

 

6.3-31 Bowman Reservoir End-of-April and End-of-September Carryover Storage ....................... 6-47 

6.3-32 Historical Storage and Water Level Fluctuation in Lake Cachuma (CDEC Station 

CCH) ...................................................................................................................................... 6-51 

6.4-1 Annual Sacramento/Delta Supply ........................................................................................ 6-56 

6.4-2 Annual Total Sacramento/Delta Supply to the Sacramento River Watershed .................... 6-59 

6.4-3 Annual Sacramento/Delta Supply to Agriculture in the Sacramento River 

Watershed ............................................................................................................................ 6-60 

6.4-4 Annual Sacramento/Delta Supply to Municipal and Industrial Use in the 

Sacramento River Watershed .............................................................................................. 6-61 

6.4-5 Annual Sacramento/Delta Supply to Wildlife Refuges in the Sacramento River 

Watershed ............................................................................................................................ 6-62 

6.4-6 Annual Sacramento/Delta Supply to the Delta Eastside Tributaries Region ....................... 6-63 

6.4-7 Annual Sacramento/Delta Supply to the Delta Region ........................................................ 6-66 

6.4-8 Annual Sacramento/Delta Supply to the San Francisco Bay Area Region ........................... 6-68 

6.4-9 Annual Sacramento/Delta Supply to the Central Coast Region ........................................... 6-70 

6.4-10 Annual Sacramento/Delta Supply to the San Joaquin Valley Region ................................... 6-74 

6.4-11 Sacramento/Delta Supply to Agriculture in the San Joaquin Valley Region ........................ 6-75 

6.4-12 Sacramento/Delta Supply to Urban Use in the San Joaquin Valley Region ......................... 6-76 

6.4-13 Sacramento/Delta Supply to Wildlife Refuges in the San Joaquin Valley Region ................ 6-77 

6.4-14 Sacramento/Delta Supply to the Southern California Region .............................................. 6-78 

6.6-1 Total Volume Traded by Buyer Sector—All Areas, 2007–2016 ............................................ 6-87 

6.6-2 Reuse in California from 1970 to 2021 by Regional Water Board ....................................... 6-91 

6.6-3 2019–2021 Recycled Water Comparison ............................................................................. 6-91 

6.6-4 2021 Recycled Water Use by Regional Water Board ........................................................... 6-92 

6.6-5 Past and Forecasted Statewide Urban Water Use, in Gallons per Capita per Day, 

with and without the Proposed Regulation ......................................................................... 6-94 

7.1-1a Sacramento/Delta Tributaries ............................................................................. following 7.1-8 

7.1-1b Plan Area ........................................................................................................... following 7.1-12 

7.1-1c Study Area Geographic Regions ........................................................................ following 7.1-12 

7.3-1a Aesthetics, Cultural, and Recreation Areas in the Study Area (northern) .......................... 7.3-2 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lvi 
September 2023 

 

 

7.3-1b Aesthetics, Cultural, and Recreation Areas in the Study Area (central).............................. 7.3-2 

7.3-1c Aesthetics, Cultural, and Recreation Areas in the Study Area (southern) .......................... 7.3-2 

7.3-2a State Scenic Highways and National Byway in the Study Area (northern) ......................... 7.3-2 

7.3-2a State Scenic Highways and National Byway in the Study Area (southern) ......................... 7.3-2 

7.4-1a Important Farmland in the Study Area (northern) .............................................. following 7.4-4 

7.4-1b Important Farmland in the Study Area (southern) ............................................. following 7.4-4 

7.4-2a Williamson Act and Farmland Security Zones in the Study Area (northern) ...... following 7.4-6 

7.4-2b Williamson Act and Farmland Security Zones in the Study Area (southern) ...... following 7.4-6 

7.4-3a Land Cover and Forest in the Study Area (northern) .......................................... following 7.4-8 

7.4-3b Land Cover and Forest in the Study Area (southern) .......................................... following 7.4-8 

7.4-4a Crops in the Study Area (northern) ................................................................... following 7.4-16 

7.4-4b Crops in the Study Area (southern) ................................................................... following 7.4-16 

7.4-5 Crops and Statewide Agricultural Production (SWAP) Region in the  

Study Area ......................................................................................................... following 7.4-16 

7.4-6 Top-Producing Crops and Total of All Crops, by Acreage in the Sacramento/Delta 

(2010–2015) ...................................................................................................................... 7.4-17 

7.4-7 Top-Producing Crops and Total of All Crops, by Acreage, San Joaquin Valley 

Region (2010–2015) .......................................................................................................... 7.4-25 

7.4-8 Proportion of Average Annual Agricultural Water Use by Crop Category, 

Sacramento/Delta ............................................................................................................. 7.4-42 

7.4-9 Proportion of Average Annual Agricultural Water Use by Crop Category, San 

Joaquin Valley Region ........................................................................................................ 7.4-43 

7.4-10 Irrigated Crop Acreage by Flow Scenario, Sacramento/Delta, SWAP Model 

Analysis .............................................................................................................................. 7.4-45 

7.4-11 Average Year: Changes in Crop Acreage, Sacramento/Delta, SWAP Model 

Analysis, No Replacement Groundwater .......................................................................... 7.4-48 

7.4-12 Dry Year: Changes in Crop Acreage, Sacramento/Delta, SWAP Model Analysis, 

No Replacement Groundwater ......................................................................................... 7.4-51 

7.4-13 Irrigated Crop Acreage by Flow Scenario, San Joaquin Valley, SWAP Model 

Analysis .............................................................................................................................. 7.4-56 

7.4-14 Average Year: Changes in Crop Acreage, San Joaquin Valley, SWAP Model 

Analysis, No Replacement Groundwater .......................................................................... 7.4-59 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lvii 
September 2023 

 

 

7.4-15 Dry Year: Changes in Crop Acreage, San Joaquin Valley, SWAP Model Analysis, 

No Replacement Groundwater ......................................................................................... 7.4-61 

7.4-16 Average Year: Changes in Crop Acreage by Scenario, Westlands Water District, 

SWAP Model Analysis, No Replacement Groundwater .................................................... 7.4-62 

7.4-17 Dry Year: Changes in Crop Acreage by Scenario, Westlands Water District, SWAP 

Model Analysis, No Replacement Groundwater ............................................................... 7.4-63 

7.4-18 Average Year: Changes in Crop Acreage by Scenario, Southern San Joaquin 

Valley, SWAP Model Analysis, No Replacement Groundwater ......................................... 7.4-64 

7.4-19 Dry Year: Changes in Crop Acreage by Scenario, Southern San Joaquin Valley, 

SWAP Model Analysis, No Replacement Groundwater .................................................... 7.4-65 

7.4-20 Annual Total Exchange Contractor Shortages Percent Exceedance by Scenario .............. 7.4-66 

7.4-21 Average Year: Changes in Crop Acreage by Scenario, Friant Division (northern), 

SWAP Model Analysis, No Replacement Groundwater .................................................... 7.4-68 

7.4-22 Dry Year: Changes in Crop Acreage by Scenario, Friant Division (northern), SWAP 

Model Analysis, No Replacement Groundwater ............................................................... 7.4-69 

7.4-23 Average Year: Changes in Crop Acreage by Scenario, Friant Division (southern), 

SWAP Model Analysis, No Replacement Groundwater .................................................... 7.4-70 

7.4-24 Dry Year: Changes in Crop Acreage by Scenario, Friant Division (southern), SWAP 

Model Analysis, No Replacement Groundwater ............................................................... 7.4-70 

7.4-25 Trends in Crop Acres Production, Four-County Region (Fresno, Kings, Madera, 

and Tulare), 2010–2016 .................................................................................................... 7.4-72 

7.4-26 Trends in Crop Production Value, Four-County Area (Fresno, Kings, Madera, and 

Tulare), 2010–2016 ........................................................................................................... 7.4-73 

7.4-27 Average Year: Changes in Crop Acreage by Scenario, San Francisco Bay Area ................. 7.4-79 

7.4-28 Dry Year: Changes in Crop Acreage by Scenario, San Francisco Bay Area ........................ 7.4-79 

7.4-29 Average Year: Changes in Crop Acreage by Scenario, Central Coast ................................ 7.4-83 

7.4-30 Dry Year: Changes in Crop Acreage by Scenario, Central Coast ........................................ 7.4-83 

7.4-31 Average Year: Changes in Crop Acreage by Scenario, Southern California....................... 7.4-87 

7.4-32 Dry Year: Changes in Crop Acreage by Scenario, Southern California .............................. 7.4-87 

7.4-33 Bypass at Sacramento Slough, Changes in Flows across the Scenarios for Sutter 

Bypass ................................................................................................................................ 7.4-94 

7.4-34 Changes in Flows Across the Scenarios for Yolo Bypass below Putah Creek Inflow ......... 7.4-95 

7.6.1-1a Natural Communities in the Sacramento River Watershed ............................................. 7.6.1-2 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lviii 
September 2023 

 

 

7.6.1-1b Natural Communities in the Delta Eastside Tributaries ................................................... 7.6.1-4 

7.6.1-1c Natural Communities in the Delta .................................................................................... 7.6.1-4 

7.6.1-1d Natural Communities in the San Joaquin Valley .............................................................. 7.6.1-4 

7.6.1-1e Natural Communities in the San Francisco Bay Area ....................................................... 7.6.1-4 

7.6.1-1f Natural Communities in the Central Coast ....................................................................... 7.6.1-4 

7.6.1-1g Natural Communities in Southern California ................................................................... 7.6.1-4 

7.6.1-2 Giant Gartersnake Habitat Change from Baseline in the Sacramento/Delta and 

San Joaquin Valley Region ........................................................................................ on 7.6.1.-63 

7.6.1-3 Swainson’s Hawk Habitat Change from Baseline in the Sacramento/Delta and 

San Joaquin Valley Region ......................................................................................... on 7.6.1-65 

7.6.1-4 Greater Sandhill Crane Habitat Change from Baseline in the Sacramento/Delta 

and San Joaquin Valley Region  ................................................................................. on 7.6.1-66 

7.6.1-5 Tricolored Blackbird Habitat Change from Baseline in the Sacramento/Delta and 

San Joaquin Valley Region ......................................................................................... on 7.6.1-68 

7.6.2-1a Critical Habitat in the Study Area (northern) ...................................................... follows 7.6.2-4 

7.6.2-1b Critical Habitat in the Study Area (southern) ...................................................... follows 7.6.2-4 

7.6.2-2 X2 Position for Baseline and Flow Scenarios Presented as Median of the January 

through June Average Values ............................................................................ follows 7.6.2-38 

7.6.2-3 Frequency of Meeting January–June Delta Outflows Corresponding to Estuarine 

Habitat Conditions .......................................................................................................... 7.6.2-39 

7.6.2-4 SacWAM Results for July–September Average X2 Positions for Baseline and 35 

to 75 Scenarios ............................................................................................................... 7.6.2-40 

7.6.2-5 SacWAM Results for September–December Average X2 Position for Baseline 

and 35 to 75 Scenarios ................................................................................................... 7.6.2-41 

7.6.2-6 SacWAM Results for Feather River Flows (SWRCB Feather River) for Baseline 

Condition and 35 to 75 Scenarios................................................................................... 7.6.2-47 

7.6.2-7 SacWAM Results for Lower Clear Creek Flows (SWRCB Clear Creek) for Baseline 

Condition and 35 to 75 Scenarios................................................................................... 7.6.2-48 

7.6.2-8 SacWAM Results for Lower Yuba River Flows (SWRCB Yuba River) for Baseline 

Condition and 35 to 75 Scenarios................................................................................... 7.6.2-48 

7.6.2-9 SacWAM Results for Feather River above Oroville Reservoir (SWRCB Oroville 

Inflow) ............................................................................................................................ 7.6.2-49 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lix 
September 2023 

 

 

7.6.2-10 SacWAM Results for South Yuba River above Englebright Reservoir Flows 

(SWRCB S Yuba Inflow) for Baseline Condition and 35 to 75 Scenarios ......................... 7.6.2-50 

7.6.2-11 SacWAM Results for Battle Creek Flows (SWRCB Battle Creek) for Baseline 

Condition and 35 to 75 Scenarios................................................................................... 7.6.2-51 

7.6.2-12 SacWAM Results for Mill Creek Flows (SWRCB Mill Creek) for Baseline Condition 

and 35 to 75 Scenarios ................................................................................................... 7.6.2-52 

7.6.2-13 SacWAM Results for Antelope Creek Flows (SWRCB Antelope Creek) for Baseline 

Condition and 35 to 75 Scenarios................................................................................... 7.6.2-52 

7.6.2-14 Relationship between Delta Inflow and Surface Water Temperature ........................... 7.6.2-91 

7.7-1a Aesthetics, Cultural, and Recreation Areas in the Study Area (northern) .......................... 7.7-8 

7.7-1b Aesthetics, Cultural, and Recreation Areas in the Study Area (central)............................ 7.7-14 

7.7-1c Aesthetics, Cultural, and Recreation Areas in the Study Area (southern) ........................ 7.7-14 

7.8-1 California Energy Consumption by End Use Sector, 2020 ................................................... 7.8-3 

7.8-2 California Energy Consumption Estimates by Type of Energy Source, 2020 ...................... 7.8-4 

7.8-3 Stages of the Water Cycle with Embedded Energy—California Water Sector.................... 7.8-5 

7.8.4 The Largest Hydroelectric Facilities in the Sacramento/Delta ............................... follows 7.8-8 

7.8-5 2011 and 2015 Monthly Generation—Shasta, Hyatt, Colgate, and Folsom 

Hydropower Plants ............................................................................................................ 7.8-10 

7.8-6 2011 and 2015 Monthly Generation for Hydropower Plants in the Sacramento 

River Watershed and Delta Eastside Tributaries Regions ................................................. 7.8-10 

7.8-7 Annual Hydropower Generation for Facilities in the Sacramento River 

Watershed and Delta Eastside Tributaries Regions .......................................................... 7.8-11 

7.8-8 Example of California Electrical Forecasted Demand and Actual Demand July 1–

4, 2021 ............................................................................................................................... 7.8-13 

7.8-9 Monthly Natural Gas, Conventional Hydropower, and Other Renewable 

Electrical Production in California 2007–2021 .................................................................. 7.8-15 

7.8-10 Monthly Hydropower Generation for Sacramento River Watershed and Delta 

Eastside Tributaries Regions—Facilities Potentially Subject to Changes in Flow as 

Simulated by SacWAM ...................................................................................................... 7.8-19 

7.8-11 Annual Hydropower Generation for Sacramento River Watershed and Delta 

Eastside Tributaries Regions—Facilities Potentially Subject to Changes in Flow as 

Simulated by the Sacramento Water Allocation Model.................................................... 7.8-20 

7.8-12 Estimated Monthly Changes in Energy Required for CVP and SWP Exports..................... 7.8-22 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lx 
September 2023 

 

 

7.8-13 Estimated Annual Changes in Energy Required for CVP and SWP Exports ....................... 7.8-22 

7.8-14 Estimated Average Change in Hydropower Generation for the 55 Scenario at 

Individual Hydropower Facilities ....................................................................................... 7.8-26 

7.8-15 California Energy Commission California Renewables Portfolio Standard Progress......... 7.8-32 

7.9-1 Faults and Fault Classifications in the Study Area .................................................. follows 7.9-4 

7.9-2 Recent and Historical Land Subsidence .................................................................. follows 7.9-6 

7.12.1-1 Water Quality Compliance Sites in the Delta Region ...................................... follows 7.12.1-36 

7.12.1-2a FEMA 100-Year Flood Hazard (northern) ........................................................ follows 7.12.1-46 

7.12.1-2b FEMA 100-Year Flood Hazard (southern) ........................................................ follows 7.12.1-46 

7.12.1-3 Average Fish Mercury Concentrations Relative to Average Annual Reservoir 

Fluctuation in 65 California Reservoirs ......................................................................... 7.12.1-64 

7.12.1-4 Average Monthly DSM2 Electrical Conductivity Values for Emmaton under 

Baseline and Flow Scenarios (Water Years 1976–1991) .............................................. 7.12.1-79 

7.12.1-5 Average Monthly DSM2 Electrical Conductivity Values for Chipps Island near 

Mallard Slough under Baseline and Flow Scenarios (Water Years 1976–1991) .......... 7.12.1-80 

7.12.1-6 Average Monthly DSM2 Electrical Conductivity Values for Collinsville under 

Baseline and Flow Scenarios (Water Years 1976–1991) .............................................. 7.12.1-81 

7.12.1-7 Average Monthly DSM2 Electrical Conductivity Values for SWP Exports under 

Baseline and Flow Scenarios (Water Years 1976–1991) .............................................. 7.12.1-82 

7.12.1-8 Average Monthly DSM2 Electrical Conductivity Values for CVP Exports under 

Baseline and Flow Scenarios (Water Years 1976–1991) .............................................. 7.12.1-83 

7.12.1-9 Average Monthly DSM2 Electrical Conductivity Values for Old River at Tracy 

Boulevard under Baseline and Flow Scenarios (Water Years 1976–1991) .................. 7.12.1-84 

7.12.2-1a Groundwater Basins and Subbasins in the Study Area (northern) ................... follows 7.12.2-4 

7.12.2-1b Groundwater Basins and Subbasins in the Study Area (southern) ................... follows 7.12.2-4 

7.12.2-2 Adjudicated Groundwater Basins in the Study Area ......................................... follows 7.12.2-4 

7.12.2-3 Change in Groundwater Elevation from Spring 2010 to Spring 2020 in the 

Sacramento/Delta ........................................................................................... follows 7.12.2-20 

7.12.2-4 Groundwater Elevations in the Sacramento/Delta ......................................... follows 7.12.2-20 

7.18-1a Aesthetics, Cultural, and Recreation Areas in the Study Area (northern) ........................ 7.18-2 

7.18-1b Aesthetics, Cultural, and Recreation Areas in the Study Area (central)............................ 7.18-2 

7.18-1c Aesthetics, Cultural, and Recreation Areas in the Study Area (southern) ........................ 7.18-2 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lxi 
September 2023 

 

 

7.19-1a Transportation Systems in the Study Area (northern) ......................................... follows 7.19-2 

7.19-1b Transportation Systems in the Study Area (southern) ......................................... follows 7.19-2 

7.24-1 SacWAM Modeled D-1641–Required Delta Outflow and Existing Average 

Unprotected Delta Outflow (January–June) by Water Year Type ..................................... 7-24-6 

8.4-1 Top-Producing Commodities and Total of All Commodities, Sacramento/Delta, 

by Revenue (2011–2016)...................................................................................................... 8-45 

8.4-2 Changes in Crop Revenue, Sacramento/Delta, SWAP Model Analysis, Average 

Year, No Replacement Groundwater Pumping .................................................................... 8-46 

8.4-3 Changes in Crop Revenue, Sacramento/Delta, SWAP Model Analysis, Dry Year, 

No Replacement Groundwater Pumping ............................................................................. 8-47 

8.4-4 Top-Producing Commodities, and Total of All Commodities, by Revenue in San 

Joaquin Valley (2011–2016) ................................................................................................. 8-54 

8.4-5 Changes in Crop Revenue, San Joaquin Valley, SWAP Model Analysis, Average 

Year, No Replacement Groundwater Pumping .................................................................... 8-55 

8.4-6 Changes in Crop Revenue, San Joaquin Valley, SWAP Model Analysis, Dry Year, 

No Replacement Groundwater Pumping ............................................................................. 8-56 

8.4-7 Top-Producing Commodities, and Total of All Commodities, by Revenue in the 

San Francisco Bay Area (2011–2016) ................................................................................... 8-63 

8.4-8 Changes in Crop Revenue, San Francisco Bay Area, CASRAA Model Analysis, 

Average Year, No Replacement Groundwater Pumping ...................................................... 8-64 

8.4-9 Changes in Crop Revenue, San Francisco Bay Area, CASRAA Model Analysis, Dry 

Year, No Replacement Groundwater Pumping .................................................................... 8-65 

8.4-10 Top-Producing Commodities, and Total of All Commodities, by Value in Central 

Coast (2011–2016) ............................................................................................................... 8-69 

8.4-11 Changes in Crop Revenue, Central Coast, CASRAA Model Analysis, Average Year, 

No Replacement Groundwater Pumping ............................................................................. 8-70 

8.4-12 Changes in Crop Revenue, Central Coast, CASRAA Model Analysis, Dry Year, No 

Replacement Groundwater Pumping ................................................................................... 8-71 

8.4-13 Top-Producing Commodities, and Total of All Commodities, by Revenue in 

Southern California (2011–2016) ......................................................................................... 8-74 

8.4-14 Changes in Crop Revenue, Southern California, CASRAA Model Analysis, Average 

Year, No Replacement Groundwater Pumping .................................................................... 8-76 

8.4-15 Changes in Crop Revenue, Southern California, CASRAA Model Analysis, Dry 

Year, No Replacement Groundwater Pumping .................................................................... 8-76 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lxii 
September 2023 

 

 

8.4-16 Disadvantaged Communities Census Blocks within the Study Area .................... following 8-88 

8.6-1 Estimates of Willingness to Pay Value to Recreational Anglers Visiting the 

Sacramento River (in 2007 Dollars) .................................................................................... 8-107 

8.6-2 Average Price (in dollars per megawatt hours) for Generated Power, by Month 

of Calendar Year ................................................................................................................. 8-111 

9.3-1 Monthly Delta Outflow for Baseline, the 2008–2009 BiOps Condition, and 2019 

BiOps Condition .................................................................................................................... 9-15 

9.3-2 Monthly CVP and SWP Total South of Delta Exports for Baseline, the 2008–2009 

BiOps Condition, and 2019 BiOps Condition ........................................................................ 9-15 

9.5-1 Change in Shasta Reservoir End of April and End of September Carryover 

Storage under Baseline and Proposed VAs .......................................................................... 9-21 

9.5-2 Monthly Streamflow of the Sacramento River below Keswick Reservoir under 

Baseline and Proposed VAs .................................................................................................. 9-22 

9.5-3 Sacramento River Inflow under Baseline and Proposed VAs ............................................... 9-23 

9.5-4 Monthly Streamflow for the Sacramento River at Freeport under Baseline and 

Proposed VAs ....................................................................................................................... 9-25 

9.5-5 Monthly Streamflow over the Tisdale Weir into the Sutter Bypass under Baseline 

and the Proposed VAs .......................................................................................................... 9-27 

9.5-6 Monthly Streamflow at Sacramento Slough (Downstream End of Sutter Bypass) 

under Baseline and Proposed VA ......................................................................................... 9-28 

9.5-7 Oroville Reservoir End of April and End of September Carryover Storage under 

Baseline and Proposed VAs .................................................................................................. 9-29 

9.5-8 Monthly Streamflow for the Feather River in the High Flow Channel under 

Baseline and the Proposed VAs ............................................................................................ 9-30 

9.5-9 Instream Flows for the Feather River above the Sacramento River under 

Baseline and Proposed VAs .................................................................................................. 9-31 

9.5-10 New Bullards Bar Reservoir End of April and End of September Carryover 

Storage under Baseline and Proposed VAs .......................................................................... 9-32 

9.5-11 Monthly Streamflow for the Yuba River above the Feather River under Baseline 

and Proposed VAs ................................................................................................................ 9-33 

9.5-12 Folsom Reservoir End of April and End of September Carryover Storage under 

Baseline and Proposed VAs .................................................................................................. 9-35 

9.5-13 Monthly Streamflow for the American River above the Sacramento River under 

Baseline and Proposed VAs .................................................................................................. 9-36 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lxiii 
September 2023 

 

 

9.5-14 Camanche Reservoir End of April and End of September Carryover Storage 

under Baseline and Proposed VAs ....................................................................................... 9-37 

9.5-15 Monthly Streamflow for the Mokelumne River above the Confluence with the 

Cosumnes River under Baseline and Proposed VAs ............................................................. 9-38 

9.5-16 Lake Berryessa end of April and End of September Carryover Storage under 

Baseline and Proposed VAs .................................................................................................. 9-39 

9.5-17 Monthly Streamflow for Putah Creek above the Yolo Bypass under Baseline and 

Proposed VAs ....................................................................................................................... 9-40 

9.5-18 Monthly Total Delta Inflow under Baseline, 2008–2009 BiOps, VA, and VA High 

Inflow Scenarios ................................................................................................................... 9-43 

9.5-19 Monthly South of Delta Exports for Baseline, 2008–2009 BiOps Condition, VA, 

and VA High Export Cuts Scenarios ...................................................................................... 9-47 

9.5-20 Monthly Exceedance Frequency Distribution of Old and Middle River Net Flow 

(cfs) for December–June under Baseline, 2008–2009 BiOps Condition, VA, and 

VA High Export Cuts Scenarios ............................................................................................. 9-51 

9.5-21 QWEST under Baseline, 2008–2009 BiOps Condition, VA, and VA High Export 

Cuts Scenarios ...................................................................................................................... 9-52 

9.5-22 Monthly Total Delta Outflow for Baseline, 2008–2009 BiOps Condition, VA, and 

VA without San Joaquin Contributions Scenarios ................................................................ 9-54 

9.5-23 Annual Total Sacramento/Delta Surface Water Supply Under Baseline and 

Proposed VAs ....................................................................................................................... 9-60 

9.5-24 Annual Total Sacramento/Delta Supply to the Sacramento/Delta Watershed 

under Baseline and Proposed VAs ....................................................................................... 9-61 

9.5-25 Annual Sacramento/Delta Supply to Agriculture in the Sacramento/Delta 

Watershed under Baseline and Proposed VAs ..................................................................... 9-62 

9.5-26 Annual Sacramento/Delta Supply to Municipal and Industrial Uses in the 

Sacramento/Delta Watershed under Baseline and Proposed VAs ...................................... 9-63 

9.5-27 Annual Sacramento/Delta Supply to Wildlife Refuges in the Sacramento/Delta 

Watershed under Baseline and Proposed VAs ..................................................................... 9-64 

9.5-28 Annual Sacramento/Delta Supply to the San Joaquin Valley Region under 

Baseline and Proposed VAs .................................................................................................. 9-66 

9.5-29 Annual Sacramento/Delta Supply to Agriculture in the San Joaquin Valley Region 

under Baseline and Proposed VAs ....................................................................................... 9-67 

9.5-30 Annual Sacramento/Delta Supply to Municipal and Industrial Uses in the San 

Joaquin Valley Region under Baseline and Proposed VAs ................................................... 9-68 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lxiv 
September 2023 

 

 

9.5-31 Annual Sacramento/Delta Supply to San Francisco Bay Area, Central Coast and 

Southern California Regions under Baseline and Proposed VAs .......................................... 9-70 

9.5-32 Annual Sacramento/Delta Supply to Agriculture in the San Francisco Bay Area, 

Central Coast, and Southern California Regions under Baseline and Proposed 

VAs ........................................................................................................................................ 9-71 

9.5-33 Annual Sacramento/Delta Supply to Municipal and Industrial Uses in the San 

Francisco Bay Area, Central Coast, and Southern California Regions under 

Baseline and Proposed VAs .................................................................................................. 9-72 

9.6-1 Median (across All Years) Spawning Habitat (Acres) under the 2008–2009 BiOps 

Condition and VA Scenarios for Each Watershed ................................................................ 9-75 

9.6-2 Median (across All Years) Rearing Habitat (Acres) under 2008–2009 BiOps 

Condition and VA Scenarios for Each Watershed, Including Both Floodplain and 

In-Channel Rearing Habitat .................................................................................................. 9-76 

9.6-3 Total Suitable Estuarine Habitat Area Expected for Each Species, Scenario, and 

Water Year Type ................................................................................................................... 9-78 

9.6-4 Potential Percent Increase (Median Prediction ± 95% Confidence Intervals) in 

Abundance Indices Relative to Baseline and 2008–2009 BiOps Condition .......................... 9-81 

9.7-1 X2 Position for Baseline and VA Flow Scenarios Presented as Median of the 

January through June Average Values ............................................................................... 9-116 

9.7-2 Monthly Hydropower Generation for Sacramento River Watershed and Delta 

Eastside Tributaries Regions............................................................................................... 9-123 

9.7-3 Annual Hydropower Generation for Sacramento River Watershed and Delta 

Eastside Tributaries Regions............................................................................................... 9-125 

9.7-4 Estimated Average Change in Hydropower Generation for the VAs at Individual 

Hydroelectric Facilities ....................................................................................................... 9-127 

10-1 Disadvantaged Communities within the Study Area ............................................... follows 10-2 

10-2 2023 Drinking Water Risk Assessment -Status of Disadvantaged and Severely 

Disadvantaged Communities ................................................................................... follows 10-4 

10-3 2023 Level of Water Quality Risk Assessment -Status of Disadvantaged and 

Severely Disadvantaged Communities .................................................................... follows 10-4 



State Water Resources Control Board  Table of Contents 
 

 

Draft Staff Report: Sacramento/Delta Update  
to the Bay-Delta Plan 

lxv 
September 2023 

 

 

Acronyms and Abbreviations 

Acronym or Abbreviation Definition 

7DADM 7-day average daily maximum 

°C degrees Celsius 

°F degrees Fahrenheit  

μS/cm microSiemens per centimeter  

AB Assembly Bill  

AF acre-feet  

AF/yr acre-feet per year 

AFRP Anadromous Fish Restoration Program 

Bay Area San Francisco Bay Area  

Bay-Delta San Francisco Bay/Sacramento-San Joaquin Delta Estuary  

Bay-Delta Plan Water Quality Control Plan for the San Francisco Bay/Sacramento-San 
Joaquin Delta Estuary 

BDMEP Bay Delta Monitoring and Evaluation Program 

BiOp biological opinion 

BIPOC black, Indigenous, and people of color 

BLM Bureau of Land Management 

BMP best management practice 

CAISO California Independent System Operator  

CalEPA California Environmental Protection Agency 

CalRecycle California Department of Resources Recycling and Recovery  

Caltrans California Department of Transportation  

CARB California Air Resources Board  

CASGEM California Statewide Groundwater Elevation Monitoring  

CASRAA California Sub-Regional Agricultural Analysis 

Central Valley Basin Plan Water Quality Control Plan for the Sacramento River Basin and the 
San Joaquin River Basin 

CCWD Contra Costa Water District  

CDBW California Department of Parks and Recreation, Division of Boating 
and Waterways  

CDFW California Department of Fish and Wildlife  

CDEC California Data Exchange Center 

Central Valley Water Board Central Valley Regional Water Quality Control Board  

CEQA California Environmental Quality Act  

CESA California Endangered Species Act  

cfs cubic feet per second  

CNRA California Natural Resources Agency 

CVP Central Valley Project  

CVPIA Central Valley Project Improvement Act  

CVTEMP Central Valley Temperature Mapping and Prediction 

CWS community water system 
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Acronym or Abbreviation Definition 

D-1641 State Water Board Water Right Decision 1641  

DAC disadvantaged community 

DCC Delta Cross Channel  

DDW Division of Drinking Water 

Delta Sacramento-San Joaquin Delta 

Delta Flow Criteria Report Development of Flow Criteria for the Sacramento-San Joaquin Delta 
Ecosystem 

Delta Reform Act Sacramento-San Joaquin Delta Reform Act of 2009  

DMC Delta-Mendota Canal 

DPS distinct population segment  

DSC Delta Stewardship Council 

DSM2 Delta Simulation Model II  

DSP Delta Science Program 

DUC disadvantaged unincorporated community 

DWR California Department of Water Resources  

DWSRF Drinking Water State Revolving Fund 

EBMUD East Bay Municipal Utility District  

EFH essential fish habitat 

E:I exports to imports 

ESA Endangered Species Act  

ESU evolutionarily significant unit  

EO executive order 

eWRIMS electronic Water Rights Information Management System 

FAS Declaration Fully Appropriated Stream Declaration 

FERC Federal Energy Regulatory Commission  

Final Draft Scientific Basis 
Report Supplement 

Final Draft Scientific Basis Report Supplement in Support of Proposed 
Voluntary Agreements for the Sacramento River, Delta, and 
Tributaries Update to the San Francisco Bay/Sacramento-San Joaquin 
Delta Water Quality Control Plan 

GHG greenhouse gas  

GPCD gallons per capita per day 

GSA groundwater sustainability agency 

GSP groundwater sustainability plan 

HAB harmful algal bloom 

HCP habitat conservation plan  

HORB Head of Old River Barrier 

I:E inflow to export ratio 

IEP Interagency Ecological Program 

IID Imperial Irrigation District 

ISB Independent Science Board 

ISR independent science review 

ITP incidental take permit  

km kilometer  

LIRA Low-Income Rate Assistance  
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Acronym or Abbreviation Definition 

LSJR/SD Lower San Joaquin River/Southern Delta 

LSZ low salinity zone 

MAF million acre-feet  

MAF/yr million acre-feet per year 

MCL maximum contaminant level 

mgd million gallons per day  

mg/l milligrams per liter  

MOU memorandum of understanding 

MRDO minimum required Delta outflow 

MWD Metropolitan Water District of Southern California  

NCCP natural community conservation plan  

NDOI net Delta outflow index 

NMFS National Marine Fisheries Service  

NOP Notice of Preparation 

NPDES National Pollutant Discharge Elimination System  

NWR national wildlife refuge 

OAL Office of Administrative Law 

Ocean Plan Water Quality Control Plan for the Ocean Waters of California 

OMR Old and Middle Rivers  

OSWS Office of Sustainable Water Solutions 

Porter-Cologne Act Porter-Cologne Water Quality Control Act 

PWA public water agency 

R-GPCD residential gallons per capita per day 

RBDD Red Bluff Diversion Dam 

Reclamation U.S. Bureau of Reclamation  

regional water board Regional Water Quality Control Board 

RMP Regional Monitoring Program 

RPA reasonable and prudent alternative 

Sacramento/Delta Sacramento River watershed, Delta eastside tributries, and Delta 
regions  

SacWAM Sacramento Water Allocation Model  

SAFER Safe and Affordable Funding for Equity and Resilience 

San Francisco Bay Basin Plan Water Quality Control Plan for the San Francisco Bay Basin 

San Francisco Bay Water 
Board 

San Francisco Bay Regional Water Quality Control Board 

SB Senate Bill  

Scientific Basis Report Scientific Basis Report in Support of New and Modified Requirements 
for Inflows from the Sacramento River and its Tributaries and Eastside 
Tributaries to the Delta, Delta Outflows, Cold Water Habitat, and 
Interior Delta Flows (2017) 

SED substitute environmental document 

SDAC severely disadvantaged community 

SDWA Safe Drinking Water Act 

SGMA Sustainable Groundwater Management Act  
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Acronym or Abbreviation Definition 

SRWTP Sacramento Regional Wastewater Treatment Plant 

SPFC State Plan of Flood Control 

State Parks California Department of Parks and Recreation  

State Water Board, Board State Water Resources Control Board  

SWAP Statewide Agricultural Production  

SWP State Water Project 

TAF thousand acre-feet  

TAF/yr thousand acre-feet per year 

TBU Tribal Beneficial Use 

TEK traditional ecological knowledge 

TCD temperature control device  

TMDL total maximum daily load  

USACE U.S. Army Corps of Engineers  

USEPA U.S. Environmental Protection Agency  

USFS U.S. Forest Service 

USFWS U.S. Fish and Wildlife Service 

VAMP Vernalis Adaptive Management Plan 

VAs Voluntary Agreements 

VA Term Sheet Memorandum of Understanding Advancing a Term Sheet for the 
Voluntary Agreements to Update and Implement the Bay-Delta Water 
Quality Control Plan, and Other Related Actions 

Water Boards State Water Board and Regional Water Quality Control Boards  

WEAP Water Evaluation and Planning 

WQCP water quality control plan 

WWTP wastewater treatment plant 
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